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Preface

In recent years, the microbiome and its impact on health has become an area of great 
scientific interest. There are many microorganisms present in the human body, and 
these are mainly located in the gut. Generally, there are two types of microorganisms 
in the gastrointestinal tract: “good” and “bad.” Good microorganisms are called probi-
otics, which are living microbiota cultures that enhance the qualities of the indigenous 
microbiota when supplied to the host. These bacteria are widespread in nature and 
are suitable for usage in food industries. Lactobacillus is one of the earliest probiotics 
proven to have a beneficial impact on health. Probiotics enhance epithelial barriers, 
increase adherence to gut mucosa and microbial adhesion, generate antimicrobial 
compounds and regulate the immune system, and can be used as food supplements to 
manage several gastrointestinal tract diseases. They are also used in research studies 
to develop commercial probiotic foods. Therefore, a perfect and sensitive balanced 
interaction of microbes with the host is required for a healthy body. Any disturbance 
in that balance leads to dysbiosis and the host may become more susceptible to disease.

This book discusses the effect of microbiota on human health. Microbiota is the 
powerhouse of health and disease. Moreover, the microbiome contains the genetic 
information and the genomes of the microorganisms themselves. It is now well 
known that the microbiome interacts with its host and is involved in basic human 
biological processes, modulating the metabolic phenotype in the bioconversion of 
nutrients and detoxification, influencing innate immunity, and protecting against 
microbial infections. The microbiome is also known for producing many vitamins 
such as vitamin B12, thiamine, riboflavin, and vitamin K, which is required for blood 
coagulation. Generally, the gut microbiota construction is determined by several 
factors, including gestational pathologies, type of birth, type of feeding, prenatal and 
perinatal use of antibiotics, complementary feeding, and environmental pollutants. 
From gestation to the first two years of life, these events influence the establishment 
of the microbiota. Hence, microbiota affects the metabolic and immune response 
and has a subsequent impact on human health.

As an alteration in the microbiome can be protective or causative, this book reviews 
the pathogenesis and potential roles of some members of microbiota in diseases 
such as inflammatory bowel disease (IBD) disease and presents a promising strategy 
to alleviate and cure this condition. It also examines the relationship between gut 
microbiota imbalance and how defects in this dysbiosis can lead to disease. Moreover, 
the book discusses microbiota potential in type 2 diabetes, highlighting recent findings 
in the regulation of extraintestinal metabolism by gut microbiome with emphasis 
on the physiology and pathophysiology of the pancreas in health and disease. The 
microbiome also plays a major role in the development of obesity by regulating 
energy metabolism. The makeup and density of intestinal flora can be influenced by 
diet. As such, this book examines the relationship between the gut microbiome and 
obesity. It also examines the role of gut microbiota in promoting the development 
and progression of brain health. The interactions of the gut microbiota and brain axis 
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have been studied using various animal models. However, most of the animal research 
has only been able to reveal the fundamentals, such as the diversity of the microbial 
community, the potential microbial pathways, and the dysbiosis of the gut microbiota 
due to diet and drugs. Finally, the book reviews the development of functional food 
fortified with probiotic microorganisms, such as fermented dairy products (yogurt, 
fermented beverages, and others), which have a positive impact on the gut microbiota 
balance. Probiotic fermented milk should contain at least 107 CFU/mL of live bacteria 
at the time of consumption to obtain health benefits.

Hoda El-Sayed
Associate Professor,
Dairy Department,

Food Industries and Nutrition Research Institute,
National Research Centre,

Cairo, Egypt
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Chapter 1

Microbiome - The Power House of 
Health and Disease
Basavaraju M., Gunashree B.S. and Srinath B.S.

Abstract

The field of microbiome is an exciting and rapidly expanding research over the 
past few decades that have become a topic of great scientific and public interest. 
Microbiome comprises a complex collection of microorganisms, with their genes and 
metabolites colonizing different body niches in a deep symbiotic relationship in the 
aspect of both health and diseases. Microbial populations vary across the body sites, 
driven by different environmental condition, immunological factors and interactions 
between microbial species. It is now well known that the microbiome interact with 
their host, assisting in the bioconversion of nutrients and detoxification, boosting 
immunity and protecting against pathogenic microbes, maintaining individuals’ 
health. A wide range of environmental factors can have an impact on gut microbiota 
imbalance, which has a strong link to health and disease. The microbial role in basic 
biological processes as well as the development and progression of major human 
diseases like infectious diseases, liver diseases, gastrointestinal cancers, metabolic dis-
eases, respiratory diseases, mental or psychiatric diseases, and autoimmune diseases. 
Therefore, a perfect and sensitive balanced interaction of microbes with the host is 
required for a healthy body. With recent advances in genome sequencing and ‘meta-
omics’ tools, culture-independent analyses of microbiomes have been made possible, 
thus accelerating the progress of microbiome research by leaps and bounds.

Keywords: data analysis, dysbiosis, microbiome, metagenomics, microbiota, probiotic

1. Introduction

Microbes inhabit almost all human body parts and play a critical role in human health 
and disease. Research has increasingly focused on the diverse microbial communities 
that interact with the host to influence disease processes as modern microbiology and 
next-generation sequencing technologies have evolved. The term ‘microbiome’ refers to 
the complex blend of microorganisms such as bacteria, bacteriophage, viruses, fungi, 
single-celled animals and their genes as well as metabolites. Colonizing different body 
niches which contribute in big ways to human health and wellness. As microbial commu-
nities, also known as the microbiota, microorganisms, or microbes, coexist and interact 
with one another and with the surrounding environment. The microbial communities 
within our body are highly personalized and considered as unique to each individual as 
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their fingerprints [1] also unique to each body sites [2]. This can also be referred to as the 
metagenome of the microbiota. The word “microbiome” was coined by Joshua Lederberg, 
who was the first to use it to “symbolize the ecological community of commensal, 
symbiotic, and pathogenic microorganisms that literally occupy human body space and 
have been largely overlooked as health and disease determinants” [3]. Over time, the term 
microbiome has evolved not only to refer microbiota, but also to the genetic informa-
tion and the genomes of the microorganisms themselves. It is now well known that the 
microbiome interacts with its host and also involved in basic human biological processes, 
modulating the metabolic phenotype in the bioconversion of nutrients and detoxification, 
influencing innate immunity and protecting against microbial infections. Microbiota 
boosts the immune system, breaks down potentially hazardous dietary molecules, and 
synthesizes vitamins like vitamin B12, thiamine, riboflavin, and vitamin K, which is 
required for blood coagulation [4]. Microbiome is home to trillions of symbiotic micro-
organisms in which some of these are useful, and some are harmful and it supports many 
physiological functions, helps in maintaining the integrity of our gut lining, and protects 
us from disease and infection. Therefore, a perfect and sensitive balanced interaction 
of microbes with the host is required for a healthy body. The microbiota has many more 
metabolic genes than the human genome and provides unique enzymes and biochemi-
cal pathways to humans [5]. Furthermore, many of the positive metabolic macrobiotic 
activities for the host are engaged in either food acquisition or xenobiotic processing, such 
as the metabolism of undigested carbohydrates and vitamin production [6].

Second, through competitive exclusion and the generation of antimicrobial 
compounds, the human microbiota acts as a physical barrier, protecting its host from 
invading pathogens [7].

Understanding how microbial metabolites influence the health or disease status 
would have a significant impact on treating diet related diseases [8]. Microbes that 
cause disease build up over time, affecting gene activity and metabolic processes and 
causing an incorrect immune response to substances and tissues that are normally 
present in the body. Autoimmune diseases tend to be passed down through generations 
via microbiome inheritance rather than DNA transmission [9]. Recent studies revealed 
that the associated microbes stimulates the normal development of the humoral and 
cellular mucosal immune systems and the signals and metabolites of microorganisms 
can be sensed by the hematopoietic and non-hematopoietic cells of the innate immune 
system and translated into physiological responses [10]. Often, reduction in microbial 
diversity and outgrowth of specific species can induce negative effects like inflamma-
tion or infection [11]. However, most of the microbial taxa and species of the human 
microbiome are still unknown. Without revealing the identity of these microbes as a 
first step, we cannot appreciate their role in human health and diseases [12].

There are plenty of projects trying to decode the human genome by sequencing all 
human genes. In a similar way, the microbiome has been subject to intensive efforts to 
unravel all its genetic information. Advances in omics-based techniques have con-
tributed to a better knowledge of the microbiome and the many factors that influence 
its microbial composition. Understanding the entire spectrum of the “microbiome’s” 
role in health and disease is still in its infancy. Our bacterial flora clearly plays a far 
larger influence in systemic disorders than previously thought [13]. High throughput 
sequencing reveals the amazing complexity and extent of the microbial communi-
ties that reside within or upon us therefore various computational approaches are 
available to analyze the microbiota on an unprecedented scale [14]. Recent scientific 
advances in genetics mean that humans know a lot more about the microbes in 
the body. Researchers from across the globe are investigating how changes in the 
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microbiome are linked to, or perhaps cause, illnesses, as well as developing new thera-
peutic ways to modify the microbiome to cure disease and restore and support health. 
In addition, microbiome research is gaining tremendous interest as documented by 
the explosion in publications with more than 20,000 articles published in 2020 alone. 
The rapid development of new molecular tools such as transcriptomics, metagenom-
ics, and metabolomics has aided in the recent advancement of microbiome results 
linked to humans. These fast evolving recent technologies are enhancing our ability 
to comprehend the human body and the microbiome that affects health. Researchers 
need to conclude with future directions and how to convert the basic science into 
translational medicine and development of innovative microbiome-based therapy.

2. Microbiome’s evolution

Microbiome are the home tract of wide range of microorganisms that can be commen-
sal, symbiotic, or toxic to all multicellular organisms, including plants. The microbiota 
includes bacteria, archaea, protists, fungi, and viruses, all of which have been shown to 
be vital for their host’s immunologic, hormonal, and metabolic balance [15]. Microbial 
communities live in multiple body sites in humans and animals (including the stomach, 
oral cavity, esophagus, skin, and vagina) and interact with and influence their hosts’ 
immune system and metabolism. In addition, microbes have developed alongside humans 
and are now an essential component of life, performing a variety of essential roles. Due 
to changes in environmental parameters such as temperature, pH, oxygen, and nutrition 
availability, their composition varies greatly between body locales and specific biogeog-
raphy. Although much has been done to explore its diversity, a full understanding of our 
microbiomes demands an evolutionary perspective. At the strain level, microbial evolu-
tion may occur (e.g., when advantageous mutations in specific genes drive adaptation to 
new selection pressures) selection may also enhance the frequency of a specific microbial 
taxon, causing the adaptive microbiome’s microbial taxa to be lost [16]. The microbiome 
can evolve at two levels: first, each individual microbe is subjected to evolutionary pro-
cesses (mutation, selection, migration, drift, speciation, etc.), and second, a host species’ 
microbiome can evolve by incorporation and elimination of microbial taxa, or by changes 
in their relative abundances as a consequence of these evolutionary processes [17].

Interestingly, mammals that have independently evolved on herbivorous diet often 
exhibit similar microbiomes [18]; however, this is not the case of panda bears, whose 
microbiome resembles that of their carnivorous and omnivorous close relatives, 
despite the panda’s herbivorous diet, probably due to phylogenetic constraints [19]. 
The compositional overlap between the gut microbiota of species populations in the 
western hemisphere correlates with their geographic proximity in most mammals, 
and each geographic location has a distinct microbiome composition that is not attrib-
utable to the diets or evolutionary histories of the mammals living there, suggesting 
that horizontal transmission also shapes the microbiome [20]. Because one species 
and its associated microbiome serve as the meal for the paired predator, this link is 
most visible in sympatric predator-prey groups. The structure of the relationships in 
primate species is unknown, but they are likely to follow some of the same patterns.

It is important to remember that the microbiome is a complex and dynamic 
ecosystem and multiple overlapping factors shape the microbiome composition 
and it is unique in each individual, and the differences among individuals are 
largely compared to the typical biochemical differences within a person over 
time. The gut microbiota is shaped by a variety of factors, including genotype, 
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dietary composition and mode of delivery, recreational drugs, antibiotic therapy, 
pre and probiotic treatment, lifestyle (e.g., smoking and physical activity), social 
interactions, and environmental exposure to various xenobiotics. In addition, 
several other factors are also involved including (i) Diet. The types of food that a 
person consumes can have a significant impact on gut microbiota. (ii) Exposure 
to pathogens, (iii) Age, (iv) Psychological Stress/Anxiety, (vi) Medication/Drug 
Use, (vii) Tobacco Use, and Alcohol Consumption (vii) Physical Activity [21]. One 
important factor emerging from the research advances is the importance of micro-
bial diversity. In healthy settings, an individual’s microbiota is more diverse than in 
sickness, when diversity is diminished. Low microbiome diversity has been linked 
to metabolic inefficiency, skin issues, gastrointestinal problems, and low-level 
inflammation.

Because of the biological interaction of the organisms with the immune system 
throughout time, the indigenous organisms in the human body are well adapted to 
the immune system. A shift in the gut microbial flora plays a crucial impact in human 
health and disease pathogenesis. These changes are caused by a combination of fac-
tors, including lifestyle and the existence of an underlying disease. Dysbiosis makes 
the host more susceptible to infection, the type of which varies depending on the 
anatomical place. The precise metabolic activities and functions of these microorgan-
isms within each bodily location are accounted for by the inherent diversity of the 
human microbiota. As a result, it’s critical to comprehend the human microbiome’s 
microbial composition and behaviors as they relate to health and disease. The micro-
biome can affect many physiological processes in our body, including immune system 
development, the ability to process dietary polysaccharides, vitamin and hormone 
production, pH regulation, processing and detoxification of environmental chemicals 
and maintenance of the skin and mucosal barrier function [22, 23]. There has been 
a boom of research into how the microbiota of the gastrointestinal system affects 
human health and disease, and what treatments might be made, particularly in the 
last decade (Table 1).

Phylum Class Characteristics Examples

Firmicutes Bacilli; Clostridia Gram-positive bacteria with 
a variety of morphologies 
(rod, coccoid, spiral) and 
physiologies (anaerobic, 
aerobic); commensal and 
helpful bacteria.

Lactobacillus; 
Ruminococcus; 
Clostridium; 
Staphylococcus; 
Enterococcus; 
Faecalibacterium

Bacteroidetes Bacteroidetes Gram-negative; made up 
of three main classes that 
are widely spread in the 
environment, such as soil, 
ocean, and animal intestines.

Bacteroides; Prevotella

Proteobacteria Gammaproteobacteria; 
Betaproteobacteria

Gram-negative; include a wide 
variety of pathogens

Escherichia; Pseudomonas

Actinobacteria Actinobacteria Gram-positive; diverse 
morphology; major 
antibiotic producers in the 
pharmaceutical industry

Bifidobacterium; 
Streptomyces; Nocardia

Table 1. 
In the human body, the most common bacterial phylum [24].
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3. Human microbiome project

The major goal of the human microbiome project is to define the number, diversity 
and functionality of genes found in all bacteria that live in various parts of the human 
body on a permanent basis and analyze its role in human health and disease. The gut 
microbiota expresses around 3.3 million bacterial genes, compared to only 20,000 
genes in the human genome. Studies show that manipulating non-pathogenic bacte-
rial strains in the host can help the immune system recover from disorders caused 
by pathogenic bacteria. An ever-growing number of studies have demonstrated that 
changes in the composition of our microbiomes correlate with numerous disease 
states, raising the possibility that manipulation of these communities could be used to 
treat disease. The microbiome of a person can affect their susceptibility to infectious 
diseases and contribute to gastrointestinal chronic disorders including Crohn’s disease 
and irritable bowel syndrome. A person’s response to a pharmacological therapy is 
determined by a group of microorganisms. The mother’s microbiome may have an 
impact on her children’s health.

Researchers researching the human microbiome are discovering previously 
unknown organisms and genes all around the world. Various combinations of 
microbial species have been related to certain human health issues in genetic 
studies that quantify the relative abundance of different species in the human 
microbiome. A thorough understanding of the diversity of microbes in the human 
microbiome could lead to new therapeutics, such as producing more “good” bac-
teria to cure a bacterial infection caused by “bad” bacteria. The HMP is a road plan 
for understanding and describing the role of the microbiome in health, nutrition, 
immunology, and disease.

4. Microbiota benefits of the body

The microbiome is essential for human development, immunity and nutrition. 
Microbiota boost the immune system, break down potentially harmful dietary 
components, and manufacture vitamins and amino acids such vitamin B and 
vitamin K [25]. The major enzymes required for the formation of vitamin B12 are 
exclusively present in bacteria, not plants or mammals [26]. Bacteria living in and 
on the human body are not always invaders but beneficial colonizers too. Sugars like 
table sugar and lactose (milk sugar) are quickly absorbed in the upper portion of the 
small intestine, while more complex carbs like starches and fibers are more difficult 
to digest and may end up in the large intestine. By creating digestive enzymes, the 
microbiota aids in the breakdown of these substances. Short chain fatty acids (SCFA) 
are produced when indigestible fibers are fermented, and they can be utilized by the 
body as a food source as well as play a role in muscular performance and possibly the 
prevention of chronic diseases including cancer and bowel disorders. SCFA has been 
demonstrated to be effective in the treatment of ulcerative colitis, Crohn’s disease, 
and antibiotic-associated diarrhea in clinical trials [25].

Autoimmune diseases like diabetes, rheumatoid arthritis, muscular dystrophy, mul-
tiple sclerosis, and fibromyalgia have been linked to microbiota dysfunction. Microbes 
that cause disease build up over time, altering gene activity and metabolic processes, 
leading in an aberrant immune response to chemicals and tissues that are usually 
present in the body. A healthy person’s microbiota will also defend them from harmful 
organisms that enter the body by drinking or eating polluted water or food such as 
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Prevotella, Ruminococcus, Bacteroides, and Firmicutes are large families of bacteria found 
in the human stomach. Anaerobic bacteria such as Peptostreptococcus, Bifidobacterium, 
Lactobacillus, and Clostridium can be found in the colon due to the low oxygen environ-
ment [27]. These microbes are thought to prevent harmful bacteria from overgrowing 
by competing for nutrition and attachment sites on the mucus membranes of the gut, 
which are a significant site of immune activation and antimicrobial protein production 
[28, 29]. Autoimmune diseases appear to be passed in families not by DNA inheritance 
but by inheriting the family’s microbiome. Recent studies on gut microbiota modula-
tion suggest that probiotics should be used in the treatment of patients with severe 
COVID-19 infection, according to the National Administration of Traditional Chinese 
Medicine and China’s National Health Commission [30]. Probiotics are used to prevent 
secondary bacterial infection and maintain intestinal microbiota balance.

5. Microbiome analysis techniques

Microbiome research is a highly transdisciplinary field with a wide range of 
 applications and methods for studying it. There are a number of different technolo-
gies available to study the microbiome. Traditional microbiology has historically 
focused on the study of individual species as isolated units. In the mid-2000s, 
advances in DNA sequencing technology spawned a new branch of study known as 

Figure 1. 
Microbiome-researching technologies [32].
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metagenomics, which allows for a comprehensive exploration of microbial communi-
ties without the requirement for culture. Instead of looking at the genome of a single 
bacterial strain cultivated in a lab, the metagenomics approach looks at a collection of 
genomes derived from microbial communities collected in natural settings, providing 
new insight into the complexity of human microbial populations [31] (Figure 1).

The identification of about 70% of human microbiota, which was not possible by 
the existing conventional microbiological methods, has been made possible by the 
development of the advanced techniques of metagenomics, metatranscriptomics, 
and metabolomics [33]. Metagenomic is a biotechnological perspective of studying 
the genome structure of the DNA directly extracted from their natural source [34]. 
Scientists have utilized these revolutionary approaches to prove the existence of genes 
from over a thousand different microbial species in our bodies. The metagenomic tech-
nique has the potential to uncover novel genes, gene families, and their encoded pro-
teins that could have major implications in biotechnological and medicinal research. It 
enables us to investigate the makeup of a microbial population [35] (Figure 2).

Currently, multiple multinational organizations such as the HMP project and 
various other independently functioning programs are constantly generating huge 
amounts of data relating to metagenomic studies, and their microbiome data collec-
tion is managed by the Genomes Online Database (Table 2).

Figure 2. 
Major steps in the most widely acknowledged genomics strategy for human related microbiome studies are depicted 
graphically [2].
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Methods Description Advantages Limitations References

Models that are 
free of germs 
(GF)

Transplant germ-free 
in vitro embryos into 
germ-free moms and 
rear animals without 
coming into contact 
with microorganisms.

To test previously 
reported 
relationships, 
a “blank state” 
approach was 
deployed.

Differences in 
regional makeup 
are challenging 
to capture in a 
compromised, 
expensive 
technology that 
is not reflective 
of natural 
microbiome 
functioning.

[37, 38]

Human 
sampling

Population is divided 
into sub groups based 
on specific characters

Cost effective and 
relatively easy to 
access body sample 
sites

Distinction 
in regional 
composition are 
difficult to capture

[39, 40]

Population 
scale

Involves sampling from 
a selected large group of 
individuals

Large scale 
conclusion can 
be drawn, with 
broadly applicable 
results

Diversity within 
individual 
microbiomes is not 
considered with 
purely association 
based results

[41]

In vitro 
modeling

Experimental 
laboratory systems 
mimicking processes 
occurring within a 
living organism

Enables 
examination 
of relationship 
between specific 
microbes and host

System lacks host 
level complexity 
due to reduced 
microbial 
communities 
and simplified 
environmental 
structuring

[42]

Patterning of 
co-occurrence 
networks

Investigate the 
impact of organisms 
and environmental 
factors on community 
interactions.

Microbe-microbe 
interactions and 
their relationships 
can be examined 
to establish 
ecological network 
components within 
microbiomes.

The complexity 
of the microbial 
community is 
reduced, resulting 
in simpler system 
operation.

[43]

Direct 
observation via 
fluorescence

Probe specific sites or 
organismal components 
such as cells, 
allowing microscopic 
observation

Taxonomy locality 
and community 
organization can 
be evaluated and 
screens for specific 
phenotypes are 
possible

Photo bleaching 
can occur

[44]

Bioinformatics Use of software tools to 
understand biological 
data, especially with 
large complicated data 
sets

Allows for rapid 
organization and 
analysis of data

Often expensive, 
while drawing 
association based 
conclusions

[43, 45]

Association 
studies

Identify genes 
correlated with 
disorders

Can discover 
correlative 
relationships 
between microbes 
and their hosts

The mechanisms 
and causative 
factors underlying 
correlations 
remain unknown

[46, 47]
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6.  A mechanistic link between human health and disease and the 
microbiome

The microbiome can take up to 40% of our weight and can do many things. The 
human body is home to a microbiome, which is a networked community of microbes 
that outweigh the body’s own cells. The human microbiome has piqued researchers’ 
interest in recent years due to the microbiome’s deep ties to human health. The human 
microbiome, also known as “our second genome,” has developed alongside humans 
for millions of years and plays an important role in human health. Understanding 
the human microbiome’s composition and function can help us better comprehend 
its structural and functional features. Understanding the human microbiome and 
applying metagenomic analysis to specific individuals will considerably improve our 
understanding of human health and diseases in the future. The study of the human 
microbiome and metagenome is seen as a new frontier in human genetics.

The majority of study on the human microbiome has focused on the microbes that 
colonize the human digestive system, as these microbes are thought to have a variety of 
effects on human health. The digestive system’s microbiome is extraordinarily varied, 
with significant differences in its contents between individuals [50]. Extraneous 
variables, such as fecal transplantation and dietary intervention, have been proven to 
modulate the microbiome, which has been shown to be a viable therapeutic method to 
addressing a variety of health-related disorders [51]. The gastrointestinal tract (GIT) is 
home to a diverse range of microorganisms, which are connected by microbe-microbe 
and host-microbe interactions [52]. Microbial guilds (species that share resources) have 
been discovered to have intriguing traits that can help researchers better understand 
processes at both the single cell and community levels. Microbes are commensal and 
mediate digestion, enhance the immune system, and inhibit or prevent infections from 
penetrating the body under normal physiological conditions. The relationship between 
the human microbiome and human health is still largely unknown and unexplored, but 
a decrease in the diversity of the digestive system microbiota has been linked to diseases 
such as eczema [53], asthma, and inflammatory diseases [54], diabetes and obesity 
[55], allergies [56], and digestive tract disorders such as IBD (inflammatory bowel 
disease) [57], and IBS, according to a number of epidemiological studies (irritable 

Methods Description Advantages Limitations References

Meta-omics Include metagenomics, 
metatranscriptomics, 
metaproteomic and 
metabolomics data 
collection

Analyze and 
detect molecular 
and genetic 
components and 
mediators and 
metabolic profiles

Equipment is 
highly sensitive 
and expensive, 
limiting 
reproducibility.

[48]

Machine 
learning 
models that 
predict the 
future

Algorithms are used 
to find patterns and 
behavior in datasets.

Use the ease of 
in situ analysis to 
find connections 
between 
microorganisms 
and variables.

With association-
based and 
time-consuming 
data collecting, it’s 
difficult to capture 
the intricacy 
of individual 
microbiomes.

[49]

Table 2. 
Methods for analyzing the microbiome [36].
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bowel syndrome) [58]. Chronic fatigue syndrome [59], cancer [60], colitis [61], and 
bacterial vaginosis [53, 54] have all been linked to dysbiosis (microbial imbalance). A 
number of recent studies have shown the importance of the gut microbiome in modify-
ing immunological responses, including immune tolerance, via Treg (T regulatory) cell 
modulation. Short-chain fatty acids (SCFA) have been shown to increase the formation 
of Treg cells in the gut, according to Geuking et al. [62]. Microbes that live in the gut aid 
in the breakdown of complex carbohydrates and the usage of polysaccharides [5, 63]. 
Other health-promoting roles of the gut microbiome include immunological regula-
tion [64], fecal microbiome transplantation [65], metabolism, xenobiotic toxicity, and 
pharmacokinetics, to name a few [66]. Therefore, patients with respiratory infections 
and diseases were shown to have gut dysbiosis and concomitant problems, showing 
gut-lung crosstalk, this phenomenon can also be seen in COVID-19 patients. As a result, 
boosting gut microbiota using probiotics and other beneficial bacteria is significant in 
therapeutic applications, and this could be extended to COVID-19 treatment as a new 
therapeutic approach according to Srinath et al [67] (Figure 3).

7. The function of microbiome in terms of human health

When you realize that there are as many microorganisms in the body as there are 
human cells, the microbiome’s importance seems understandable. The human microbi-
ome is diverse at each body site, such as the gut, skin, mouth, and nasal cavities, where 
each community of microorganisms is unique. The core microbiome of a person is 
developed during the first years of life, although it can alter over time as a result of several 

Figure 3. 
Human microbial symbiosis has a close relationship with diseases of different systems [68].
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factors such as nutrition, drugs, and environmental exposures. Individual vulnerability to 
various diseases may be determined by differences in the microbiome, which may lead to 
varying health outcomes from environmental exposures. A healthy microbiome has been 
found to play a significant role in maintaining good health [69]. Environmental exposures 
can also alter a person’s microbiome, thereby increasing the risk of acquiring diabetes, 
obesity, cardiovascular and neurological illnesses, allergies, and inflammatory bowel 
disease. The human microbiome is primarily concentrated in the stomach. These organ-
isms serve a critical role in maintaining and preserving human health. Previous research 
on the human microbiome project has shown that alterations in the immunological 
environment can be connected to a dysbiotic gut flora. Dysbiosis has also been related to 
life-threatening health disorders such as cancer, cardiovascular disease, bowel inflamma-
tory disease, and difficult-to-treat bacterial infections due to antibiotic resistance [70]. A 
healthy microbiome is a diverse and abundant one, and everything from our nutrition to 
our surroundings influences how effectively it performs.

However, antibiotic usage and ultra-processed food consumption, for example, are 
destroying our gut microbiota, making people more susceptible to infections such as 
Clostridium difficile and other diseases. It’s only now becoming obvious how impor-
tant the link between our microbiomes and our health is. The revelation that we can 
use our microbiome to help us treat or even prevent disease has been perhaps the most 
significant development. In the last 20 years, the advent of hyper virulent Clostridium 
difficile strains has resulted in a massive increase in infections, with over 20% of cases 

Figure 4. 
Schematic diagram showing the microbiome implicated in a variety of disorder, including skin, metabolic, and 
cardiovascular disease, as well as cancer, infection, and neurodegenerative and psychiatric disorders [72].
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now involving germs that are drug resistant. The human genome consists of just 
23,000 genes, while the microbiome as a whole contains many millions. Scientists are 
also looking into using microbiota transplants for a wide range of disorders, such as 
insomnia, Parkinson’s disease, HIV, chronic fatigue, multiple sclerosis, obesity, insulin 
resistance, metabolic syndrome, and autism [71] (Figure 4).

8. Antimicrobial resistance

Microorganisms must discover an optimal strategy to coexist with other microbes 
in a restricted environment in order to thrive. Microbes compete with one another in 
their surroundings for limited nutrients and space. As a result, they’ve devised strate-
gies to regulate their own needs by interacting with other microorganisms. Producing 
antimicrobial compounds that can hinder or kill another germ is one effective tech-
nique to do so. Some microorganisms, on the other hand, have evolved mechanisms 
to survive in the presence of naturally occurring antimicrobials, allowing them to 
remain a stable member of a microbial community. Antimicrobial resistance can be 
inherent or acquired in microorganisms. Intrinsic resistance occurs when a bacteria 
develops resistance to an antibiotic on its own. Microorganisms have had intrinsic 
resistance mechanisms for millennia, promoting their co-evolution and integration 
with microbial communities. Antimicrobial medication development and use to treat 
and eradicate microbial infections is without a doubt the greatest triumph in contem-
porary medicine. Penicillin, the first mass-produced antibiotic used on a massive scale 
around the world, saved millions of lives and paved the way for the discovery and 
development of hundreds of different antimicrobial medications to combat specific 
infections. Antimicrobial medications have all come from naturally occurring micro-
bial sources, to which certain microorganisms had already evolved innate resistance.

Microbes have developed acquired resistance to antimicrobial medications as a 
result of increased use of antimicrobial drugs combined with pre-existing resistance. 
Antimicrobial resistance (AMR) arises when bacteria, viruses, and fungi grow 
resistant to antibiotics. As a result, infections may become more difficult to remove. 
AMR is now considered to be one of the most serious risks to world health, food 
security, and economic development. According to the World Health Organization, 
at least 700,000 people die each year from drug-resistant diseases, and this number 
is expected to climb if adequate interventions are not implemented. The overuse and 
misuse of antimicrobial therapies in a fast rising global economy and population has 
resulted in a rise in the rate of AMR cases over the last 20 years. Antimicrobials, which 
are thought to be a panacea for eradicating illnesses, have fueled the emergence of 
antimicrobial resistance in bacteria.

9. Finding biomarkers in microbiome research

These types of mechanistic tests are currently being carried out in humans by 
several investigations. The authors assessed the ability of the individual’s blood to 
create cytokines following several antigen challenges in 500 European-ancestral 
individuals in the Netherlands, and then linked this with data from their gut metage-
nome. According to the findings, the yeast Candida albicans had a particularly strong 
influence on the host’s TNF-alpha response [73]. These investigations are particularly 
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relevant when dealing with persons who have naturally occurring genetic knockouts 
or variant alleles. As has been proven for Parkinson’s disease, these human genetic 
variants may enable microbially caused disease that may be investigated in mice with 
analogous null or variant genetic changes [74].

Characterizing microbial biomarkers offers a lot of promise for precision medi-
cine, and it’s a straightforward method to get microbiome research into clinical 
practice. For example, we know that bacterial probiotics (living bacteria purposely 
introduced to an animal to have a therapeutic effect) can be utilized to augment 
immune checkpoint blockade therapy for melanoma patients based on landmark 
animal studies [75]. Microorganisms in the gut have been identified as biomarkers 
for diagnosis that can predict if patients are at risk of developing checkpoint block-
ade therapy after studying the microbiomes of melanoma patients prior to immune 
checkpoint blockade medication.-colitis caused by a blockage [76].

These prospective studies are critical for correlating the structure, function, and 
metabolic products of microbial communities to health consequences. Many ongo-
ing investigations, such as the National Institutes of Health Common Core program. 
Environmental Influences on Child Health Outcomes (ECHO: https://www.nih.gov/
echo), now provide the infrastructure to sequence healthy, susceptible, and diseased 
participants to examine how lifestyle and environmental experiences shape the devel-
opment of immune, endocrine, and neurological conditions. Although single time 
point investigations of birth cohorts show fascinating statistical relationships [77], 
longitudinal prospective studies accompanied by mechanistic tests in animal models 
are needed to determine if a specific microbiome causes disease (Figure 5).

Figure 5. 
The iterative cycle of analysis, interpretation and translational intervention that facilitate moving microbiome 
research out of correlative observation and into therapeutic treatments [78].
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10. Microbiome applications

Studying the human microbiome is helping researchers to understand how the 
body responds to different diets, diseases and drugs. The human microbiome can 
be seen of as a source of genetic variety, a disease modifier, a significant component 
of immunology, and a functional entity that regulates metabolism and modulates 
drug interactions. On the one hand, there are numerous possible probiotics or 
helpful bacteria that could help to prevent or treat various diseases, albeit most of 
them are now unavailable for cultivation [79]. Little was known about the variety 
of microorganisms that happily dwell inside and on our bodies more than a decade 
ago, but researchers today believe they have the potential to influence the future of 
human health and examining linkages between health and disease. Almost 70% of the 
bacteria that make up the human microbiota are uncultivable, and many of them are 
anaerobic (so can only be cultivated without oxygen). These barriers have prompted 
researchers to investigate meta-genomics and in vivo models. While in vitro models 
of the digestive tract can be used to simulate one or more stages of digestion (in the 
stomach, small intestine, or colon), they are still incapable of duplicating the com-
plexity of host-microbiota interactions [80]. Therefore the recent scientific evidence 
suggests that a healthy and diverse microbiome is beneficial to human health and the 
microbiome is becoming a cornerstone of preventive medicine (Figure 6).

11. Conclusion

Microbiome research has made great progress in the past decades due to recent 
scientific advances in genetics and genomics. Consequently, despite being a rela-
tively new field, microbiome has been successfully employed to alter microbiota 
and demonstrate promising prospects for therapeutics. It’s worth noting that long-
term usage of broad-spectrum antibiotics has the potential to damage the human 
microbiome. As a result, the indigenous microbial community becomes unbalanced, 

Figure 6. 
The microbiome can be used to study, diagnose and treat diseases.
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allowing invading diseases to thrive. Treatments that include pre and probiotics, 
on the other hand, should be recommended. As a result, greater study into the use 
of probiotic therapy in the treatment of infectious diseases is needed. Indeed, our 
knowledge of the biology of complex diseases is expanding at an unprecedented rate 
and with unprecedented resolution, even as we recognize that what we have seen thus 
far is simply the tip of the iceberg, and that a large corpus of knowledge appears to 
be just around the corner. This should eventually lead to more effective treatments 
and prevention methods based on logical microbiota-based therapeutics. Therefore, 
researchers are using high throughput sequencing technologies and analytical 
methods, substantial advances have been achieved in both identifying the microbial 
taxa and understanding the relationship between microbiome composition and host 
phenotype, providing mechanistic insight on which microbes may be beneficial or 
which may be detrimental to one’s health and given each microbiome is unique to an 
individual, this represents how high throughput sequencing technologies is impact-
ing the future of personalized medicine and animal health, enhanced crop yield and 
nutritional quality, and the control of various pests and disease agents. In similar way, 
a complex microbiome minimizes the risk of some diseases, and probiotics can help 
with symptoms like IBS and eczema. Current tools and understanding of the microbi-
ome have enabled researchers to develop new strategies to leverage applications of the 
microbiome. Overall, the grand vision of applied microbiome research is to improve 
health of humans, animals, plants, and whole ecosystem.

12. Future prospectus of microbiome

Microbiome research generates a large quantity of data, which necessitates the use 
of advanced computational techniques, which are rapidly evolving. Furthermore, 
many of the existing mathematical tools analyze connection rather than causation. 
As a result, researchers should remember that microbiome characterization, data 
analysis, and modelling are only a small part of the discovery process, and that they 
should be used in conjunction with traditional in vitro and in vivo model studies to 
prove cause and effect. To advance microbiome research into the therapeutic domain, 
researchers must go beyond clinical association studies to validate their models in 
other clinical cohorts and understand the mechanisms of causation in vitro, ex vivo, 
and animal model systems. While metagenomic studies have revealed immense diver-
sity, additional tools are required to understand the community structure, function, 
and their interaction with host environments. Using microbiome analysis with Next 
generation sequencing to help define biomarkers and stratify patient populations, 
which may help improve therapeutic outcomes in the future. In addition, gaining 
deeper understanding of the microbiome through improved tools and methods will 
enable engineers and innovators to develop better applications and unlock the poten-
tial of the microbiome. As a result, pre/probiotics are likely to be coupled with other 
dietary substances to generate a more powerful health benefit. Furthermore, merging 
multiple study disciplines and employing new technological approaches in micro-
biome research is predicted to open the way for the development of evidence-based 
clinical therapies for modern-day health challenges. Previous research has found that 
bacteria have 35.5 million functions, of which just 0.02% are known, according to 
computational predictions. Despite the growing body of research on the microbiome, 
our understanding of its function, particularly how it influences health and disease, 
is limited because to the lack of a “universal” standard for study comparability.  
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Abstract

Inflammatory bowel disease (IBD) is a chronic and relapsing inflammatory 
disorder that includes Crohn’s disease and ulcerative colitis. Ulcerative colitis 
involves the distal colon, proximal colon, and cecum and can lead to ulcerations 
and bleeding. Crohn’s disease appears as patched lesions in the gastrointestinal tract 
and inflammation, stenosis, or fistulas. IBD affects millions of people worldwide and 
has been associated with high morbidity and mortality. Our intestine is colonized by 
trillions of microorganisms (including bacteria, viruses, fungi, and protozoa), which 
constitutes the microbiota. Reduction of bacteria with anti-inflammatory capaci-
ties and increase of bacteria with inflammatory capacities are observed in patients 
with IBD when compared with healthy individuals. Microbial balance is needed for 
the development of a healthy gut and a symbiotic microbiota without problems. 
Any disturbance in that balance leads to dysbiosis and the host may become more 
susceptible to disease. Some alteration in the microbiome is protective or causative; 
thus, we selectively will review IBD disease, pathogenesis, and potential roles of 
some members of microbiota in IBD. In this chapter, we also explain the therapeutic 
approaches targeting microbiota (probiotics, prebiotics, postbiotics) and the rela-
tionship between gut microbiota imbalance, and how defects in this dysbiosis can 
lead to disease.

Keywords: inflammatory bowel disease, gut microbiome, Crohn’s disease, ulcerative 
colitis, microbiome, dysbiosis, therapy

1. Introduction

Inflammatory bowel disease (IBD), including ulcerative colitis (UC), Crohn’s 
disease (CD), and indeterminate colitis, is a chronic and relapsing inflammatory 
disorder of the gastrointestinal tract [1, 2]. More than 1 million residents in the 
United States and 2.5 million individuals living in Europe are estimated to be suf-
fering from IBD [2]. The incidence of IBD has been rapidly increasing in newly 
industrialized countries in Asia, the Middle East, Africa, and South America over the 
last two decades [3, 4]. IBD has been associated with high morbidity and mortality, 
low quality of life, and financially demanding medical care [5]. The causes of this 
disease are multifactorial, the two main types: UC and CD, have similar clinical and 
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pathological presentations and can cause irreversible impairment of the structure 
and function of the gastrointestinal tract [6]. These diseases are characterized by a 
relapsing behavior, manifested by alternating phases of inactive states in which there 
is no intestinal inflammation and active states that present inflammation or any 
other disease symptoms [7]. Although the main biological processes involved in the 
development of both conditions are different [6]. CD can affect any part of the GI 
tract, especially the terminal ileum, associated with inflammation, stenosis, and/or 
fistulas [7, 8].

CD occurs in patients between the ages of 15 and 35 years, affects the mucosal 
layer of the colon, and causes abdominal pain, diarrhea, and fever, fistula, lesions 
in the rectum or intestine, and other symptoms. CD damages the small intestine; 
therefore, malnutrition is very common in CD [9]. Despite the UC, rectal bleeding 
is less common in CD patients and more than 50% of patients with CD suffer from 
folate and vitamin D deficiency, while more than 50% of people with UC suffer from 
iron deficiency [10].

UC disease is a mucosal inflammation that can only affect the large intestine, i.e., 
the colon, and the inflammation generally starts in the distal colon, going forward 
through the proximal colon until the cecum and can lead to ulcerations and bleeding 
[11]. About 25% of UC patients are diagnosed before the age of 18 years, because this 
disease affects adolescence [9]. There are different diagnostic tests for UC includ-
ing clinical, endoscopic, histologic, and radiological tests although approximately 
8.5% of IBDs are unclear [12, 13]. UC is the initial subtype of IBD, and the term IBD 
includes the characteristics of both CD and UC. It has long been difficult to distin-
guish between these two diseases, but now there is a clinical definition for both. Both 
diseases can affect specific parts of the lives of patients, such as school, job, social life, 
and family life Figure 1 [9].

The concept of IBD pathogenesis is based on the theory of a disrupted intestinal 
barrier and a dysregulated immune response in a genetically susceptible host. IBD 
presents defects in the detection and control of the gut microbiota, associated with 
unbalanced immune reactions, genetic mutations that confer susceptibility to the 
disease, and complex environmental conditions such as a Westernized lifestyle 
[7, 14]. There is a strong clustering in families and with certain ethnicities. Other 
studies showed 15–50 times increased relative risk for siblings of a CD patient to 
also develop CD. The ethiopathology of IBD is multifactorial and is character-
ized by the interaction between genetic, microbial, environmental, and life style 
factors, which influences the immune responses and leads to the gut inflammation. 
Gut microbiota is important for the development and maturation of the immune 
system and reduced microbial diversity and its dysbiosis observed in IBD patients 
(Figure 1).

More than 200 IBD-associated susceptible genes have been identified, some of 
which are known to be involved or implicated in mediating host responses to gut 
microbiota [14]. This has evoked the possibility that gut microbiota is implicated 
in the pathogenesis of IBD [3]. Microbial factors have been historically proven to 
be indispensable for the onset of IBD, and advances in high-throughput sequenc-
ing have enabled us to elucidate the gut microbiome in IBD. IBD can be caused by 
determined infection of an enteric pathogen such as Mycobacterium avium subspecies 
paratuberculosis, Clostridioides difficile, Helicobacter pylori, Campylobacter concisus, 
Fusobacterium nucleatum, and adhesion-invasive Escherichia coli. An excess of trans-
location of intestinal bacteria across the intestinal barrier, the imbalance between 
beneficial and detrimental commensal bacteria can cause IBD [15, 16]. Some bacteria 
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including AIEC can be considered as both a persistent pathogen and detrimental 
commensal bacteria [17].

Therefore, this chapter covers the origins, causes, diagnosis, and treatment  
strategies of this complex disease.

2. IBD and immunity system

Epithelial layer integration permits the gastrointestinal bacteria to communi-
cate with the immune system [18]. The mucosal layer is the first physical barrier on 
the mucosal surface and is produced by the polymerization of gel-forming mucins 
secreted by Goblet cells. The second defense barrier against bacterial attack is the 
intestinal epithelium, which makes up of enterocytes and particular epithelial cells 
called Goblet and Paneth cells [19]. Intestinal epithelial cells prevent the influx 
of antigens and the attack of pathogens and commensal microbes [18]. Intestinal 
epithelial cells (IECs) also express toll-like receptors (TLRs) and nucleotide 
oligomerization domain receptors (NODs), which are pathogen-sensitive innate 
immune receptors. IECs then make chemokines and cytokines to engage immune 
cells [18]. TLR signaling pathways helps the epithelial barrier to remain intact and 
produce 12 and interleukin 6 [18, 20]. The epithelial barrier impairment causes 
intestinal permeability to increase, which has been shown in CD and also in UC, 
and this might be a main pathogenetic mechanism in IBD [19]. TLR acts as pro/
anti-inflammatory gene activation inducer and controls the adaptive immune 
responses [21, 22].

Intestinal immune cells including innate immune cells and adaptive immune 
cells significantly involve in immune responses in IBD [23]. Macrophages, TLRs, 

Figure 1. 
The effective agents in development of inflammatory bowel disease.
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and NOD-like receptors (NLRs) are essential for developing tolerance to certain 
pathogens and promoting wound treatment. Binding to pathogene receptors leads 
to the activation of different signaling pathways and the production of proinflam-
matory cytokines, chemokines, and antimicrobial peptides. The antigen-presenting 
cells (APCs) link innate immunity and adaptive immunity by secreting cytokines and 
presenting antigens to the T cells [24]. Fine gut-resident macrophages, described by a 
lack of CD14 expression, manifest decreased response, proliferation, and chemotactic 
activity. The gut-resident macrophages have increased phagocytic activity and secre-
tion of cytokines in IBD patients, causing dramatic inflammation [25]. After microor-
ganisms’ invasion, innate immunity activates after a few hours [26]. Macrophage cells 
kill specific pathogens, such as peptides and lipopolysaccharides. In IBD acute phase, 
the number of macrophages in the intestinal mucosa increases dramatically, and a 
large number of T cells and costimulatory molecules such as CD40, CD80, and CD86 
are involved in the inflammatory process and intolerance of commensal microbes and 
immune activity [27].

Malfunction in TLR signaling can induce an intestinal inflammatory response 
with various clinical phenotypes, including the IBD. A considerable target of the 
TLR signaling is the activation of the transcription factor NF-kB, which regulates 
the expression of a variety of genes responsible for controlling the innate response, 
such as IL-1, IL-2, IL-6, IL-12, and TNF-𝛼𝛼 [28, 29]. Table 1 shows the cytokines and 
cellular sources involved in immune response in IBD. Both IL-1 and TNF-𝛼𝛼 share 
numerous pro-inflammatory properties responsible for the development of IBD 
[30]. Dendritic cells are professional antigen-presenting cells that activate T cells and 
induce adaptive immune responses, describing key players in the cross talk between 
innate and adaptive immunity [38].

The other IBD risk variants in other genes are involved in IL-12 and CCR6, chemo-
kine receptors preferentially expressed on IL-17 producing cells [19]. IL-23/IL- 17 axis 
has a key role in this cross talk and the IL23R gene encodes a specific subunit of the 
IL23 receptor that has been identified and largely replicated in independent cohorts 
of patients with both CD and UC [45]. Other clinical studies have found that the 
intestinal mucosa and lamina propria of IBD patients contain much higher levels of 
Th17 cells, IL-17, and IL-23 compared with the healthy controls [24].

Appositive of the innate immune response, the adaptive immune system is very 
specific, it presents long-lasting immunity. Key players of the adaptive immune 
response are T cells. Th0 cells can become activated and either differentiate into 
Th1 or Th2 or Th17 cells [19, 38]. However, a dysregulated T cell response with 
abnormal development of activated T cell subsets causes inflammation because of 
an excess release of cytokines and chemokines, which have multiple pathogenic 
impacts on components of the immune system. Figure 2 shows the immune 
response in IBD. The levels of T-cell-derived cytokines detected in IBD mucosa, 
different studies have associated CD and UC with different subtypes of pro-
inflammatory immune responses. Therefore, the innate immune response is as 
important as the adaptive immune system in inducing gut inflammation in these 
patients [19, 24, 38].

Genome-wide association studies and immunological studies have mentioned that 
IBD pathogenesis is related to mucosal innate immune responses, including classical 
Th1 response in CD patients and Th2 type-like response in UC patients [45, 46].

In mouse model studies, induction of CD caused increase of IFN-𝛾𝛾 expression 
in their spleen and local intestinal mucosa [43]. CD evolution is generally mediated 
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by CD4+ Th1 and Th17 cells, and IFN-𝛾𝛾 is a major cytokine declared in this disease 
[47]. Deficiencies of IL17-A and IL17-B in experimental models showed both pro-
inflammatory and tissue-protective effects against colitis depending on the model 
used [19, 48]. However in mucosa of IBD patients, IL-17A cells regulate and induce a 
number of pro-inflammatory molecules [38].

Regulatory T cells (Treg) produce the anti-inflammatory cytokines (IL-10, 
TGF) and exert an effective anti-inflammatory action in experimental colitis. Treg 
are reduced in peripheral blood of patients with active IBD in comparison with 
quiescent IBD patients and control subjects [49, 50]. In contrast, Treg are increased 

Pro-inflammatory

Cytokines Cellular 
Sources

Principle function Role in immune system

IL-1, IL-1β Mϕ, IECS, 
Monocytes

Influence on the T cell and secretory 
cytokines

Innate immune response 
[30–32]

IL-2 Th-cells T & B cells proliferation IFN-γ production Adaptive immune 
response [31]

IL-6 DCs, Mϕ Differention of Th17, Treg cells and 
activating STAT-3 signaling pathway

Innate immune response 
[31, 33–35]

IL-12 DCs, Mϕ Promoting the differentiation of Th1 and 
Th17 cells

Innate immune response 
[36, 37]

IL-13 Th2 cells Intestinal permeability inducing and 
activating of B cell

Innate immune response 
[38]

IL-17 Th17 cells Inducing and promoting of secretory 
cytokines

Adaptive immune 
response [39, 40]

IL-18 Mϕ Provoking the secretion of pro-
inflammatory cytokines

Innate & adaptive 
immune response [32]

IL-22 Th17 cells Inhibiting pathogens of intestinal and 
repairing of intestinal tissue

Innate immune response 
[41]

IL-23 Mϕ Provoking the production cytokines Innate immune response
[36]

TNF-α Mϕ, DCs, 
Th-cells

Promoting the production cytokines and 
Th-cells proliferation

Innate immune response 
[31, 42]

INF-γ Th-cells Activating NF-κB signaling pathway and 
activating of Mϕ

Adaptive immune 
response [43]

Anti-inflammatory

IL-4 Th2-cells Th2-cells differentiation and inhibiting the 
production of cytokines of Th1cells

Adaptive immune 
response [31]

IL-10 DCs, Mϕ, Treg 
cells

Inhibiting the production of cytokines Th1 
cells

Adaptive immune 
response [31, 44]

TGF-β DCs, Treg cells, 
T cells

Treg and Th17 differentiation and 
restraining of Th-cells

Adaptive immune 
response [31, 34, 35]

Abbreviations: Mϕ: Macrophage, IECS: Intestinal epithelial cells, DCs: dendritic cells, STAT-3: signal transducer and 
activator of transcription, NF-κB: nuclear factor kappa B.

Table 1. 
The pro-inflammatory agents’ contribution in immune response in IBD.
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in the intestinal mucosa of IBD patients, and their function is normal. An intact 
TGF signaling, which is impaired in inflamed IBD mucosa because of upregula-
tion of the inhibitory molecule Smad7, is needed for Treg function [19]. Treg cells, 
expressing the transcription factor forkhead box P3 (FOXP3), have a negative 
immunomodulatory character in immune tolerance and a crucial role in the patho-
genesis of IBD [24, 51, 52].

3. IBD and gut microbiota

IBD is obviously related to gut dysbiosis that impairs host-microbe and immune 
homeostasis [53]. The human gut includes trillions of commensal bacteria per gram 
of gut lumen content. These bacteria can be nutritious and provide the intestinal 
epithelium [38, 54]. The gut microbiota leads to intestinal homeostasis due to our 
physiological procedure and metabolites [55]. There are different phyla, includ-
ing Bacteroidetes, Firmicutes, Proteobacteria (Escherichia and Helicobacter), and 
Actinobacteria that include fungi, protists, and viruses (Table 2) [56, 57].

Ecological factors, such as as host diet, hygiene, antibiotic consumption, and life-
style, induce immune responses that change the intestinal microbiota and damage the 
mucosal barrier [38, 58]. Gut microbiota plays an important role in the pathogenesis 
of IBD and impacts energy metabolism host, immune homeostasis, development and 
maintenance of mucosal integrity [24]. Table 3 shows the effect of gut microbiota in 
inflammatory bowel disease and its interdependence with the immune response.

For example, Clostridium cluster IV and XIVa were less abundant in IBD patients 
than in healthy controls [55]. Bacteroides genus is obligate anaerobe bacteria and 
consists a large amount of the normal gut microbiota. B. fragilis decreases in IBD 
patients and promotes the quantities of anti-inflammatory cytokines against colitis 
[24, 75]. The overgrowth of Enterobacteriaceae, Pseudomonas-like bacteria, and 
Escherichia coli promotes the intestinal inflammation and alters the composition of 

Figure 2. 
The role of immune response on progress IBD.
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the microbiota in most colitis models and IBD patients [58, 76, 77]. Faecalibacterium 
prausnitzii secret anti-inflammatory cytokines, which reduce in the intestine of IBD 
patients [24, 55]. Fusobacterium and Ruminococcus gnavus have also been increased 
in CDI patients [78]. In a recent study performed on IBD patients, a functional gut 
microbiome dysbiosis and impaired microbial transcript were seen. Facultative 
anaerobes were raised at the expense of obligate anaerobes [79]. Other different 
studies showed that the diversity of gut microbiota was either decreased or equal in 
IBD patients versus controls. F. prausnitzii, Eubacterium rectale, and Akkermansia 
were decreased, and Actinomyces, Veillonella, and E. coli were increased in patients 
with UC (Table 3) [80].

Other possible pathogens in the exacerbation of the IBD disease are Mycobacterium 
avium subspecies paratuberculosis, Clostridium difficile, Listeria monocytogenes, and 
Campylobacter concisus, as well as viruses, including cytomegalovirus, Epstein-Barr 
virus, and measles virus [17, 81]. In addition, a number of pathogenic parasites may 
involve in the progression of this disease. Overexposure of immune system in the 
presence of too many bacterial materials could also cause the loss of immunological 
tolerance to the bacteria, which are generally considered the normal flora in the gut 
[81]. Some of the individual bacterial species that associate with human IBD are 
reviewed here.

3.1 Clostridioides difficile

C. difficile is an obligate anaerobic Gram-positive spore-forming bacterium,  
which is prevalent in nature and also colonizes the human intestinal tract [81, 82].  
C. difficile leads to diarrhea and colitis, frequently in persons who have been treated 
with antibiotics for other medical complications [81, 83, 84].

C. difficile can produce toxins type A and B, and IBD patients with C. difficile 
infections (CDI) appear severe clinical symptoms, such as abdominal pain, diarrhea, 
bloody stools, and leukocytosis [85, 86].

Increased Decreased

Bacteria Fusobacterium species Bififidobacterium species

Pasturellaceae Bacteroides species

Proteobacteria (adherent invasive Escherichia coli) Clostridium XIVa, IV

Ruminococcus gnavus Faecalibacterium prausnitzii

Veillonellaceae Roseburia species

Suterella species

Fungi Candida albicans Saccharomyces cerevisiae

Candida tropicalis

Clavispora lusitaniae

Cyberlindnera jadinii

Kluyveromyces marxianus

Viruses Caudivirales

Table 2. 
Microbiota changes associated with inflammatory bowel disease.
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CDI causes relapsed IBD, and IBD patients in remission had a significantly higher 
presence of toxigenic C. difficile in their intestinal tract as compared with healthy 
controls [87]. UC patients have a high risk of CDI in comparison with healthy popula-
tion or CD patients.

The two toxins encoded by tcdA and tcdB genes lead to the disruption of epithelial 
cytoskeleton and tight junctions, which contribute to the CDI [81, 88, 89]. A reduc-
tion in butyrate-producing bacteria and increase in lactic-acid-producing bacteria 
were seen in CDI status. Overrepresentation of Akkermansia may be a predictive 
marker for the development of nosocomial diarrhea, which can result in a worse CDI 
prognosis [82]. Activation of the production of multiple inflammatory cytokines such 

Depleted Immune Association

SCFA producing bacteria 
(F. prausnitzii, Roseburia, 
Eubacterium)

Produce SCFA plays a major role in modulation of inflammation, regulation 
of immune responses, maintenance of barrier integrity in the gut, enhanced 
expansion of the Treg population, and skew of human dendritic cells to prime 
IL-10-secreting T cells [59–61].

Bacteroides fragilis Produces lipid antigens controlling homeostatic iNKT cell proliferation and 
activation [62].

Bifidobacterium Inhibits intestinal inflammation by acting on Treg cells [63].

Mbb. smithii Weak association with pro-inflammatory mechanisms [64].

Enriched Immune association

E. coli (adherent invasive) Invades intestinal epithelial cells replicate in macrophages and induce 
granulomas [65].

Clostridiaceae
(class)Clostridiales

Clostridium difficile could induce the expansion of regulatory Tcells (Treg) and 
to mitigate intestinal inflammation [66].

Proteobacteria (Salmonella, 
Yersinia, Desulfovibrio, 
Vibrio Helicobacte)

Associated with a pro-inflammatory state as revealed by quantification of 
common pro-inflammatory interleukins. The inflamed gut appears to provide 
a favorable environment for the expansion of this phylum [67].

R. gnavus Secretes a complex glucomannan polysaccharide inducing TNFα secretion by 
dendritic cells [68].

Fusobacterium Especially F. nucleatum, which is a well-recognized proinflammatory 
bacterium and it may secrete Outer Membrane Vesicles (OMVs) activate 
epithelial TLR4 to drive inflammation [69, 70].

C. albicans Interacts with mucosal innate immune cells through the pathways associated 
with Dectin-1 in macrophages [71].

Bacteriophages (Caudovirales 
and Microviridae)

role in physiology of intestinal or change the bacterial in gut microbiota 
via predator-prey relationships [72]. Enterobacteria are the hosts of 
Microviridae [73].

Eukaryotic viruses Infect of intestinal and develop host susceptibility to IBD by immune response 
via inflammatory mediators, and inducing alterations in the composition of 
the commensal bacteria [74].

Eukaryotic viruses Infect host cells may increase host susceptibility to IBD by supporting a long-
standing immune response through inflammatory mediators, as well as by 
inducing alterations in the composition of the commensal microbiota [74]

M. stastmanae This leads to the substantial release of proinflammatory cytokines in 
monocyte-derived dendritic cells [64].

Table 3. 
Gut microbiome in inflammatory bowel disease and its associations with the immune system [7].
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as IL-8, TNF-a, IL-1, and tumor necrosis factor (TNF-a) could damage the intestinal 
epithelial cells and trigger IBD in CDI patients [90]. Reduced bile salts happen in 
the colon of patients with IBD leading to spore germination of C. difficile [86, 91]. 
Patients with IBD present common infections such as gastrointestinal infections of  
C. difficile, Salmonella, Shigella, and Campylobacter jejuni [81, 92].

3.2 M. avium subspecies paratuberculosis

M. avium species is commonly present in the environment and comprises four 
subspecies, including M. avium subspecies avium, M. avium, M. avium subspecies 
hominissuis, and M. avium subspecies silvaticum [93]. M.avium causes production of 
some inflammatory cytokines in IBD patients [86]. In IBD patients, the increase in 
metalloprotease leads to dysregulation in immune system and large level of inflam-
matory cytokines [94, 95]. Combination of multiple antibiotics including rifabutin, 
clofazimine, and clarithromycin, adds up to ciprofloxacin, metronidazole, or eth-
ambutol, which are used for treatment of patients with positive different species of 
M.avium [96]. Also antibiotics such as nitroimidazoles and clofazimine are effective 
in the treatment of CD [97].

3.3 Helicobacter pylori

Helicobacter species are Gram-negative bacteria. H. pylori is an important patho-
gen that isolates from gastrointestinal tract of humans and animals. H. pylori infec-
tion has been reported in IBD patients and shows a protective effect in IBD [98, 99]. 
H. pylori increases the expression of forkhead box P3 (FOXP3) with stimulating of 
the regulatory T cells production, reduces the production of inflammatory cytokines, 
and finally, decreases inflammation [100, 101]. H. pylori with cytotoxin-associated 
gene A (CagA+) genotype, in IBD patients, diverts TH1 response to TH2 response that 
has anti-inflammatory task [102].

Helicobacter species are more detected in intestinal biopsies of patients with CD 
and UC than controls, although this difference was not significant [103]. Molecular 
studies detected non-pylori Helicobactor by Helicobacteriaceae family-specific PCR 
in 3% of IBD patients and 8% controls [104].

3.4 C. concisus and Fusobacterium nucleatum

Most strains of campylobacter colonize in the intestinal tract, but the coloniza-
tion of C. concisus is in the oral cavity [105]. C.concisus is associated with IBD in the 
adult patients [106]. The virulence factors of C. concisus infect the lower parts of the 
intestinal tract [86]. Zonula occludens toxin (Zot) is expressed through a CON-Phi2 
prophage and leads to the permeability of the epithelial cells and formation of IBD. 
This mechanism is similar to the Vibrio cholerae toxin [107]. C. concisus breaks the 
intestinal epithelial barrier and leads to apoptosis in human intestinal epithelial and 
intestinal inflammation [108]. The invasive strains of C. concisus enable them to 
survive in harsh conditions such as in anaerobic conditions [86].

F. nucleatum is an anaerobe bacterium that colonizes the oral cavity and intestinal 
tract [81]. It is abundant in intestinal tract of UC and IBD patients, and the quantity 
was linked with disease severity [109]. F. nucleatum leads to the damage of intestinal 
epithelium and promotes intestinal inflammation by inducing autophagic epithelial 
cell death [86].
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3.5 Adherent-invasive E. coli

Adherent-invasive E. coli (AIEC) is a commensal human gut bacterium and is 
associated with ileal CD in the adult population. AIEC strains can adhere to and 
invade intestinal epithelial barrier assessed [110]. AIEC strains have various mecha-
nisms and virulence factors, which are involved in the pathogenesis of IBD patients 
[86]. Several factors such as type 1 pili adhesion FimH and carcinoembryonic 
antigen cell adhesion molecule 6 are associated in promoting inflammation [111]. 
AIEC strains induced production of cytokines such as IL-8, TNF-a, and IL-6 in both 
epithelial cells and macrophages. Replication of AIEC in macrophages did not cause 
macrophage death, but increased production of TNF-a and IL-6 [81, 112].

4.  Therapeutic approaches targeting microbiota (probiotics, prebiotics, 
postbiotics, and antibiotics)

Probiotics are live microorganisms, which allocate great health advantages for 
the host organism when used in an appropriate quantity [113]. Probiotics induce 
anti-inflammatory effects, enhance or renew barrier work, promote the growth of 
beneficial bacteria, and inhibit the growth of pathogens [114]. Probiotics rebalance 
the gut microflora shifting from pro- to anti-inflammatory state [115]. Prebiotics are 
substrates that are selectively utilized by probiotics allocating health benefits [17]. 
Inulin is a prebiotic that retains microbial population, helps the epithelium barrier 
function, and inhibits from pathogens translocation [116]. This process leads to the 
treatment of functional symptoms in IBD. Postbiotics are bioactive molecules pro-
duced by probiotics [117]. There are many reports that showed some probiotics and 
prebiotics can be beneficial in treatment and prevention of IBD in both human and 
mice models [118].

In CD, evidence for prebiotics and probiotics is commonly dissatisfactory and 
antibiotics have moderate effects [66]. The most common strains that are used as 
beneficial probiotics are Bifidobacterium species, Enterococcus faecium, Lactobacillus 
strains, and Saccharomyces boulardii, Bacillus species, and Pediococcus [115]. The theo-
retical risks of probiotics on animal models of IBD in different studies are described 
that include systemic infections, harmful metabolic activities, extreme immune 
stimulation in susceptible patients, gene transfer, and gastrointestinal adverse effects 
[119]. Some traditional probiotics, such as the probiotic cocktail VSL# 3 (containing 
a mix of four lactobacilli, three Bifidobacteria, and one Streptococcus strain), have 
shown limited effect in treating CD and UC, by reducing active inflammation and 
recurrence [17, 66].

Some clinical trials showed that Lactobacillus rhamnosus administration in gas-
troenteritis children did not have better outcomes than those who received placebo 
[120]. Although a multi-strain probiotic (including L. rhamnosus, Lactobacillus 
plantarum, Lactobacillus acidophilus, and E. faecium) is related with lower intestinal 
inflammation in UC patients, but not in CD patients [121]. Besides the mentioned 
traditional probiotics, Akkermansia muciniphila and their supernatants that contain 
postbiotics significantly reduced the severity of colitis [17]. F. prausnitzii produce 
barrier improving immunosuppressive SCFAs, stimulate Tregs to produce IL-10, 
which have protective effects on the intestine [66]. In mice models, administration 
of A. muciniphila or its postbiotic reduced the infiltrating macrophages and CD8+ in 
clolon and inhibited colitis [122, 123].
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These helpful microbes and their metabolites should be investigated as thera-
peutic determinants in treatment of IBD. Dietary substrates such as oligosaccharides 
and fiber are prebiotics that selectively increase the quantities of SCFA-producing 
commensals, blocking the AIEC epithelial adherence, and the virulence products of 
intestinal pathogens in IBD [66].

Probiotic engineering with emerging technologies such as as CRISPR-Cas system 
can be used to produce to treat untreatable chronic inflammatory conditions [115]. 
With increasing our knowledge about viable bacterial strains and synthetic biology 
tools, we can identify and characterize extra probiotic bacterial strains as potential 
candidates for probiotic engineering [124].

Antimicrobial agents and IBD have a complex relationship. They have hazardous 
influences on the homeostasis of the host microbiota, leading to a population shift 
described by increased Enterobacteriaceae and decreased Clostridia abundant, which 
is regarded a possible pre-IBD condition [125]. Also, IBD patients treated with antibi-
otics are at high risk of forming an overgrowth of pathogenic microbes including  
C. difficile, candida, and bacteriophages [126].

In addition, antibiotics are an integral part of the treatment repertoire in 
IBD, whereas before the period of immunomodulation and biologic therapy. 
The mechanisms of antibiotics in treatment of IBD are a direct effect on the gut 
microbiota, preferring flora that are linked with anti-inflammatory properties, 
e.g., Bacteroides and Firmicutes, and decreasing pathogenic microbes that are 
associated with inflammation, such as as Enterobacteriaceae, e.g., E. coli and 
Fusobacterium [75]. Furthermore, we can choose target-specific pathobiants or 
to manage individual microbiome in IBD patients by determining patient stool 
samples prior to treatment [124].

The immunological mechanisms of IBD have made great upgrades, provided 
novel tactics for IBD treatment. Biological agents induce and maintain clinical 
remission of IBD and promote mucosal curing. A number of biological agents that 
have been approved for the treatment of IBD are some of the TNF-α inhibitors 
such as Infliximab, Adalimumab, Certolizumab pegol, Glimumab, Etanercept, and 
Tocilizumab [24]. However 10–40% of IBD patients do not respond or lose their 
response to treatment over time [127].

4.1 Fecal microbiota transplantation (FMT)

FMT appears effective therapy for treatment of recurrent CDI and in UC or CD 
remission induction but remains strong and safe in the long term is not clear  
[128, 129]. A significant proportion of recurrent CDI patients have IBD, and FMT is 
moderately less successful in treatment of CDI from patients with IBD in comparison 
with patients without IBD [130]. Some issues could affect the FMT outcome in IBD 
treatment including donor choice; preparation of fecal material; clinical manage-
ment, the high abundances of fungi or virus communities in donor stool or other 
essential necessities for implementing an FMT center [131, 132].

Recently, the field of IBD genetics has made enormous progress, and different 
relative molecular and cellular pathways exist. Fluctuations in specific gene loci 
promise therapeutics for IBD in the future. Besides, FMT, novel natural medicines, 
new antimicrobial agents, and combined treatment programs are also anticipated to 
break the IBD and therapeutically delay. The combined treatment strategies that use 
anti-inflammatory agents and anti-fibrotic drugs will provide great insights into the 
existing IBD therapeutics [17].
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5. Conclusion

Correct interplay between gut microbiota and the host is essential for human 
health. Microbial balance is pivotal for host metabolic and immune functions as well 
as to prevent disease development. Disturbance in that balance generates dysbiosis 
making the host susceptible to certain diseases. Gut microbiota stimulates the 
immune system, and altered composition of this microbiota in early life can lead to an 
inadequately trained immune system that can overreact to commensal microbes and 
lead to inflammatory diseases. Recent research has provided striking findings sup-
porting that the gut microbiome plays an important function in the etiopathogenesis 
of IBD.

The clinical and epidemiological evidences showed that the infectious pathogens 
have possible role in IBD progression, especially, Mycobacterium avium paratubercu-
losis, C. difficile, E. coli, and C. concisus. Also, some viruses such as cytomegalovirus, 
Epstein-Barr virus, and measles by different pathogenesis have been be associated 
with the higher IBD risk; however, H. pylori may reduce intestinal inflammation and 
protect against IBD.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Appropriate metabolic regulation is vital for health. Multiple factors play important 
roles in maintaining the metabolic system in different physiological conditions. 
These factors range from intestinal metabolism of food and absorption of nutrients, 
pancreatic hormones and their interplay under feeding and fasting, hepatic regulation 
of macronutrient formation and metabolism storage of macronutrients in skeletal 
muscles. Intestinal metabolism of ingested food and subsequent nutrient absorption 
depends on the symbiotic microbial community residing in the gut. The specific 
ratio of different microbial phyla in the gut has proved to be extremely important for 
the beneficial role of the gut microbiome. The importance of gut microbiome in the 
regulation of metabolism has been highlighted with reports of the abnormal ratio 
of gut microbial community resulting in different metabolic disturbances ranging 
from obesity to the development of diabetes mellitus. The physiological impact of 
insulin on the metabolic regulation of macronutrients has recently been shown to be 
augmented by the secondary metabolites produced by anaerobic fermentation. The 
current chapter aims to highlight recent findings in the regulation of extraintestinal 
metabolism by gut microbiome with a specific emphasis on the physiology and 
pathophysiology of the pancreas in health and disease.

Keywords: Gut microbiota, diabetes mellitus, probiotics, pancreas

1. Introduction

Insulin is predominantly the most important endogenous protein responsible 
for the physiological regulation of metabolism [1]. Exogenous insulin is the only 
substantial treatment option for patients suffering from insulin deficiency since the 
initial discovery of insulin by Sir Frederick G Banting and its purification by James B. 
Collip in 1921 [2, 3]. The pancreatic gland is responsible for the regulated secretion 
of insulin to maintain glucose homeostasis under different physiological conditions 
[4, 5]. Islets of Langerhans present in the pancreas contain cells that secret specific 
hormones which help in maintaining glucose levels during feeding and fasting [5–9]. 
Islets of Langerhans are defined as closed areas containing multiple cell types with 
enormous vascular and nervous innervation [5]. Islets of Langerhans are designated 
as the endocrine portion of the pancreas. The exocrine part of the pancreas surrounds 
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islets of Langerhans. Different cell types present in the islets secrete different types 
of hormones. Islets contain four different types of endocrine cells: alpha (α) cells 
(glucagon), beta (β) cells (insulin), delta (δ) cells (somatostatin) and PP cells (pan-
creatic polypeptide) [5]. Alpha cells are responsible for the secretion of glucagon 
hormone to enhance blood glucose levels under fasting conditions while β cells are 
responsible for insulin secretion which initiates postprandial glucose metabolism and 
thus controls the rising blood glucose levels [10, 11]. Apart from glucose metabolism, 
insulin is also involved in lipid and protein metabolism [12–14]. Blood glucose level 
acts as the main trigger for the release of insulin from β cells, a phenomenon known as 
glucose-stimulated insulin secretion (GSIS) [15–17]. Glucose at normal physiological 
levels not only induces insulin gene transcription by recruiting transcription factors 
(PDX-1, MafA and NeuroD) but also improves the insulin mRNA stability thus acting 
as a major physiologic regulator of insulin [18–20]. Glucose enters the β cells via 
glucose-specific channels present on the cell membrane commonly known as glucose 
transporters (GLUT) [4, 17]. Numerous types of glucose transporters are present 
in different tissue of the body [21]. But specifically, GLUT2 is most abundant and 
functional in the pancreas (β cells) and liver (hepatocytes) whereas GLUT4 is present 
on skeletal and cardiac muscles and adipocytes [21, 22].

2. Insulin and macronutrient metabolism

Insulin is the primary hormone responsible for initiating carbohydrate  metabolism 
through phosphorylation of glucose and subsequent formation of glucose-6-phosphate 
inside the cells [23, 24]. Insulin activates the hexokinase enzymes in non-hepatic 
tissues and glucokinase (GCK) in β cells and hepatocytes to initiate glucose phos-
phorylation [25–28]. The insulin hormone acts by binding to the cell surface insulin 
receptors which are vastly distributed in different tissues of the body [29]. The bind-
ing of insulin to its receptors activates adaptor proteins known as insulin receptor 
substrates (e.g. IRS1, IRS2) [30]. IRS protein converts the tyrosine phosphorylation 
signal into the lipid kinase by activating phosphoinositide2-kinase enzyme (PI3K). 
Activated PI3K further recruits ATP molecules which activates AKT (serine and 
threonine kinase) [31]. The Discovery of insulin’s primary role in activating AKT 
proved a landmark in explaining the conversion of tyrosine phosphorylation into 
serine/threonine phosphorylation signal. AKT activation also explains the insulin 
induced regulation of key steps in insulin signaling including (a) glucose uptake by 
glucose transporter (GLUT4), (b) glycogen synthesis by glycogen synthase kinase 3 
(GSK3) inhibition, (c) synthesis of protein and fats via activation of the mechanistic 
target of rapamycin (mTOR), (d) gene expression regulation at the transcriptional 
levels by forkhead family box O (FOXO) transcription factor proteins. Insulin 
enhances GLUT4 activity in muscle and adipose tissue thus increasing the rate of 
glucose transport, glycolysis and subsequent glycogen synthesis in these tissues [32]. 
Insulin also prevents hepatic glucose synthesis by inhibiting hepatic glycogenolysis 
and gluconeogenesis [33–35].

Apart from glucose metabolism, insulin influences lipid and protein metabolism 
through multiple means. Insulin lowers the plasma fatty acid levels by decreas-
ing adipocyte lipolysis and enhancing the hepatic formation of very low density 
lipoprotein (VLDL) [36–41]. Insulin increases the protein synthesis in skeletal 
muscles and the liver by enhancing the amino acid transport inside the cells and 
reducing protein degradation and urea formation [13, 42–47]. These metabolic 
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effects of insulin on carbohydrates, lipids and proteins highlight the importance of 
insulin signaling in maintaining a nutritional consistency at the cellular level and 
ensuring a balanced physiological interplay between multiple tissues under diverse 
physiological conditions.

3. Glucose homeostasis: insulin-glucagon interplay

Alpha and β cells work together to maintain glucose homeostasis under feeding 
and fasting conditions through the periodic release of insulin and glucagon respec-
tively [4, 25, 48]. Feeding results in increased plasma glucose levels. Rising plasma 
glucose levels demand immediate systemic activation of glucose metabolism by insu-
lin. A delayed or deficient activation of glucose metabolism will result in abnormally 
high plasma and cellular glucose levels, a medical condition known as hyperglycemia. 
Glucose at higher-than-normal concentrations induces glucotoxic effects inside the 
cells. Rising postprandial glucose levels will trigger β cells to synthesize and secrete 
insulin. The postprandial rise in insulin levels activates glucokinase and hexoki-
nase activity resulting in glucose phosphorylation in hepatocytes and muscle cells. 
Conversion of glucose into glucose-6-phosphate will result in the decline of plasma 
glucose levels over time. Physiologically because of GSIS the postprandial rise in the 
insulin secretion from β cells declines over time as the blood glucose level decline [15]. 
Thus, the rising plasma glucose levels provide positive feedback to enhance insulin 
secretion and the declining plasma glucose levels act as a negative feedback loop to 
lower insulin levels. Insulin negatively impacts glucagon secretion [49–52]. Plasma 
glucose levels decline under fasting conditions. As glucose is the primary cellular 
source to generate ATP, a minimum threshold of plasma glucose levels must be 
maintained to avoid hypoglycemia.

Hypoglycemia is a serious medical condition characterized by very low plasma 
glucose levels. Fasting induced a decline in plasma glucose levels and subsequent 
diminished insulin levels initiate glucagon synthesis and secretion from alpha cells. 
To avoid hypoglycemia during fasting, glucagon enhances plasma glucose levels by 
activating hepatic gluconeogenesis/glucogenolysis thus forming glucose molecules 
from non-carbohydrate sources [10, 53–57]. Glucagon secretion from alpha cells and 
insulin secretion from β cells are also regulated by incretin hormones secreted from 
the intestines [58]. Incretin hormones are gut peptides secreted from the L and K 
cells of the small intestine and include glucose-dependent insulinotropic polypeptide 
(GIP) and glucagon-like peptide-1 (GLP-1) [59, 60]. GIP and GLP-1 functional recep-
tors are present on both alpha and β cells. In normal physiological conditions, the 
GIP induces glucagon secretion from alpha cells during fasting or hypoglycemic state 
whereas GLP-1 induces insulin secretion from β cells and inhibits glucagon secretion 
from alpha cells [59, 61].

4. Diabetes mellitus

Diabetes mellitus is primarily a metabolic dysfunction resulting in a significant 
reduction in the cellular ability to metabolize glucose because of either the lack of 
insulin or insulin inactivity (insulin resistance) [62, 63]. Diabetes mellitus is expected 
to affect 700 million worldwide by 2040 [64]. The compromised ability of the cells 
to metabolize glucose results in increased cellular and plasma levels of glucose, 
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a condition known as hyperglycemia. Hyperglycemia induces tissue damage mainly 
through the increased influx of glucose through the polyol pathway and increased 
formation of advanced glycation end products (AGEs) and subsequent increased 
expression of AGE receptors and their ligand [65, 66]. Overproduction of reactive 
oxygen species (ROS) due to hyperglycemia through mitochondria acts as the main 
trigger for the activation of the polyol pathway, formation of AGEs and increase in 
AGE receptor expression [67].

Diabetes mellitus has been categorized in two primary forms: Type 1 Diabetes 
Mellitus (T1DM) and Type 2 Diabetes Mellitus (T2DM). T1DM has been character-
ized by a mutation in the insulin gene or immune cell-mediated destruction of β cell 
resulting in either the synthesis of abnormal insulin protein that fails to activate insu-
lin receptors or a complete lack of endogenous insulin secretion [63]. T1DM patients 
are usually diagnosed early in their life. The only possible medical treatment referred 
to these patients is the multiple daily doses of synthetic insulin. T2DM on the other 
hand is much more complicated and requires a thorough diagnostic approach [62, 
68–70]. T2DM is considered one of the most common metabolic disorders globally. 
Major risk factors for T2DM include a sedentary lifestyle, lack of exercise, excessive 
use of a high-carb and high-fat diet, overweight and obesity [71]. Poor lifestyle and 
dietary habits have been attributed to the global incidence of type 2 diabetes in the 
last 2 decades. Obesity, visceral fat deposition and increased body mass index (BMI) 
play a central role in the pathophysiology of type 2 diabetic patients [62]. Quality, 
quantity and type of food have been debated to be the primary cause of this global 
incident. A healthy diet with the appropriate amount of nutrients and fiber and a 
certain level of physical activity has been advised globally to counter the incidence of 
T2DM in young adults.

The development of T2DM is mainly caused by the significant decline in insulin 
secretion from β cells or the inability of insulin-responsive tissues (muscles, fat and 
liver) to respond to insulin, mainly because of defective insulin signaling resulting 
in hyperinsulinemia and subsequent insulin resistance [72–75]. Failure of the insulin 
hormone to activate insulin receptors at the cellular level has been attributed to be the 
major cause of hyperinsulinemia and insulin resistance [76, 77]. Insulin binding to 
insulin receptors at the plasma membrane activates a signaling cascade that initiates 
glucose metabolism inside the cells. Insulin-bound insulin receptors or activated 
insulin receptors go through internalization at the plasma membrane, a phenomenon 
known as insulin receptor endocytosis [1, 78]. Following the activation, the endocy-
tosis of the insulin receptor is the primary physiological mechanism through which 
the duration and intensity of insulin signaling are controlled. Hyperinsulinemia 
accelerates insulin receptor endocytosis and affects the presence of adequate func-
tional insulin receptors at the plasma membrane resulting in insulin resistance [79]. 
Apart from accelerated insulin receptor endocytosis, insulin-stimulated insulin 
receptor kinase activity is also decreased in diabetic patients [80]. Compromised 
insulin signaling fails to activate glucose metabolic enzymes like glucokinase and 
hexokinase resulting in hyperglycemia. High plasma glucose levels initiate glucose-
stimulated insulin secretory (GSIS) response from β cells resulting in the rise of 
plasma insulin levels. The rising insulin levels should be normalized over time 
because of the renal insulin clearance mechanism. But compromised renal insulin 
clearance rate in diabetic subjects results in abnormally high plasma levels of insulin 
(hyperinsulinemia) [81, 82].

Hyperinsulinemia and hyperglycemia in theory cannot trigger alpha cells to 
secrete glucagon. But it has been observed that T2DM patients with insulin resistance, 



53

DOI: http://dx.doi.org/10.5772/intechopen.105616
Gut Microbiota Potential in Type 2 Diabetes

hyperinsulinemia and hyperglycemia also have abnormally high plasma levels of glu-
cagon [83]. Hinting toward the disturbance in the alpha and β cell interplay through 
the inability of the insulin to block glucagon gene transcription [84]. T2DM is also 
characterized by a decrease in GLP-1 secretion from L cells of the small intestine [85, 
86]. Indicating a pathophysiological role of the gut in the development and progres-
sion of type 2 diabetes [87, 88]. GLP-1 receptor agonists which induce an increase in 
insulin secretion from β cells and inhibit glucagon secretion are the major treatment 
option for T2DM patients to combat hyperglycemic conditions [89–91].

5. Gut microbiota profile in Type 2 diabetes mellitus

The gut microbiome was first defined scientifically in 2001 as “an ecological 
 community of commensal, symbiotic and pathogenic microorganisms that collectively 
share our body space” [92]. Approximately 100 trillion microbes are found in the 
human gastrointestinal tract (GIT) and strongly influence the health status of indi-
viduals either directly or indirectly [93–97]. The primary reason for the pathophysi-
ological effect of the gut microbiome on human physiology has been attributed to the 
disruption of the stable communities of gut microbes through medication, diet and 
lifestyle. A normal, healthy gut microbiome profile is termed eubiosis and abnormal 
gut microbiome composition is called dysbiosis [98–106]. Eubiosis typically refers 
to an ideal bacterial population comprising 95% of Bacteroidetes and 5% Firmicutes 
producing abundant microbial metabolites like short-chain fatty acids (SCFAs), 
branched-chain amino acids (BCAAs) and impacting lipid metabolism. SCFAs like 
butyrate, acetate and propionate are produced by the anaerobic fermentation of 
non-digestible carbohydrates (dietary fiber) and promote gut integrity and protect 
gut epithelial lining by forming tight junctions and preventing gut permeability 
[107]. These microbial secondary metabolites act as central components in microbe 
to host signaling pathways activation. Much of the specific microbiota involved in the 
production of these important secondary metabolites are reduced in T2DM patients.

Substantial data from human studies support the possibility that dysbiosis 
triggers obesity, inflammation, insulin resistance and T2DM [108–111]. Association 
of dysbiosis is also attributed to the pathogenesis of intestinal tissue. Intestinal 
disorders attributed to dysbiosis include inflammatory bowel disease, irritable bowel 
syndrome (IBD) and coeliac disease [102, 111, 112]. Whereas metabolic syndrome, 
obesity, and cardiovascular complications are attributed as extra-intestinal effects of 
dysbiosis. Dysbiosis has also been attributed not only to the initiation of the T2DM 
in humans (a condition known as prediabetes) but also during the progression and 
subsequent secondary complications of T2DM with several lines of evidence sug-
gesting that manipulation of the gut microbiome helps to minimize or alleviate the 
T2DM conditions [98, 113–121].

The role of gut microbiota in health and disease and specifically the pathogenesis 
of T2DM has been experimentally investigated mainly by using rodent models as 
a limited amount of experimental data can be generated through human studies. 
Keeping in mind that the rodents and human physiology are not exactly similar and 
certain physiological differences exist. The non-human primates seem to be a much 
more appropriate animal model to study different aspects of primate physiology 
including the gut microbiome and its interaction with metabolic dysregulation  
[122–127]. Nonetheless, the current understanding of the role of the gut microbi-
ome in the context of metabolic syndrome or pathogenesis of diabetes mellitus has 
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primarily originated from the data on rodent and human studies [94, 97, 116, 128–133]. 
Interestingly efforts have been made in the past to characterize the gut microbiome 
in normal and diabetic individuals as well as some therapeutic approaches have been 
adopted [95, 98, 113, 116, 117, 120, 121, 134].

The attempts to characterize the normal human gut microbiome revealed four 
primary phyla which are responsible for the physiological role of gut in metabolic 
modulation [128, 132, 133, 135–141]. These four specific phyla/families of microbes 
present in the gut include Bacteroidetes (Bacteroidota), Firmicutes (Bacillota), 
Proteobacteria (Pseudomonadota) and actinobacteria (Actinomycetota) [95, 142]. 
The specific proportion for each of these phyla in normal physiological and homeo-
static conditions indicates that the largest group of microbes is the Firmicutes which 
make up to 64% of the total gut microbiota. Followed by the Bacteroidetes, which 
make up the second-largest group, contributing up to 23% of the total gut microbiota. 
Proteobacteria and actinobacteria contribute the rest with 8% and 3% respectively. 
These specific percentage contributions of each phylum are extremely important 
physiologically. Increased prevalence of pro-inflammatory conditions such as obesity, 
T2DM, arthritis and even cancer have been attributed to the disruption of these 
specific percentage contributions of each phylum [132, 143]. Human and animal 
data have highlighted the unique compositional changes in the microbiota profiles 
at the phylum level in T2DM conditions [113, 128]. T2DM patients exhibit increased 
membrane transport of sugars, BCAA transportation, methane metabolism and 
sulfate reduction [128]. These patients also have reduced butyrate biosynthesis and 
cofactors/vitamins metabolism.

Although a certain level of discrepancy does exist in terms of phyla composition 
data between different T2DM patients which has been attributed to the specific 
geographical location, culture-specific diet and medication use [144]. Numerous 
independent research groups have reported widely contrasting microbiota find-
ings in the context of phyla composition in T2DM patients [113, 114, 117, 119, 128, 
145, 146]. It seems highly unlikely that a single microbe species can play a significant 
or dominant role in determining the risk of T2DM. The conflicting data from several 
independent groups also have some interesting similarities. Specifically, it was a 
common observation among T2DM patients that butyrate-producing microbes 
were particularly depleted [117, 128]. As human microbiome is comprised mainly 
of Bacteroidetes and Firmicutes with a specific ratio (B/F > 1) and obesity has been 
shown to impact this ratio and result in the increased prevalence of Firmicutes to that 
of Bacteroidetes [109, 147–149]. Implicating that a disrupted B/F ratio can contrib-
ute to obesity in humans. Similarly increased concentration of Bacteroidetes and 
Proteobacteria with a significant decline in Firmicutes has been reported in T2DM 
patients [113] T2DM also demonstrates an increase in pathogenic microbial species 
like Clostridium symbiosum, Clostridium ramosum, and Escherichia coli resulting in 
systemic inflammation [119, 128].

Insulin resistance has also been attributed to disrupted Bacteroidetes and 
Firmicutes (B/F) ratio. An altered B/F ratio impacts intestinal permeability and lipo-
polysaccharide (LPS) from proteobacteria are translocated from inside the gut. LPS 
translocation activates immune response through interleukin-1 (IL-1), tumor necro-
sis factor (TNF), Jun N-terminal kinases (JNK) and IkB kinase (IKK). LPS-induced 
activation of JNK and IKK results in the phosphorylation of insulin receptor substrate 
(IRS) which fails to activate downstream effector molecules like PI3K and AKT thus 
rendering the insulin signaling cascade ineffective [150, 151]. IKK also activates the 
nuclear translocation of nuclear factor kappa B (NF-kB). NF-kB, a transcription 
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factor, induces the expression of several genes involved in inflammatory and apop-
totic responses [152–155]. The inflammatory state also called metabolic endotoxemia 
is accompanied by insulin resistance and obesity.

6. Regulation of glucose homeostasis by Gut microbiota

Gut microbiota has been shown to impact the pancreas directly. Gut microbiota 
has been proposed to modulate glucose homeostasis through multiple mechanisms 
[115, 116, 118, 156, 157]. Experimental data support four specific mechanisms 
through which the gut microbiome influences glucose homeostasis; (1) the β cell 
modulating effects of metabolites that are formed due to gut anaerobic microbial 
fermentation [157–159], (2) induction of cytokine activity in the islets of Langerhans 
via inflammatory cascades [160–164], (3) direct islets signaling affecting insulin and 
glucagon secretion through incretins modulation [87, 165], (4) alteration in the gut 
permeability, thus permitting the influx of toxins through intestinal mucosal barrier 
[166]. Mechanisms 1 and 3 are mainly considered for increased T2DM susceptibility 
and whereas mechanisms 2 and 4 are particularly implicated in the development of 
T1DM in early life. As T1DM is characterized by a significant reduction in the number 
of functional β cells. Cytokine and toxin-induced β cell apoptosis or dedifferentiation 
are considered major risk factors for T1DM.

Abnormal gut microbiome composition alters the intestinal barrier which favors 
absorption and increased circulating levels of LPS and BCAA. LPS induces low-grade 
inflammation and insulin resistance while BCAA is associated with an increased risk 
of T2DM development. An altered intestinal barrier also reduces the absorption of 
beneficial SCFAs and secondary bile acids. Metabolically SCFAs are mainly produced 
as an energy source for the gut epithelium. Butyrate is used by colonic epithelial cells 
for energy, acetate is used as a fatty acid precursor like cholesterol and propionate is 
a precursor for the process of hepatic gluconeogenesis [167–169]. Animal data have 
shown the beneficial impact of acetate supplementation on insulin resistance and 
glucose tolerance in animals fed with a high-fat diet [170]. Acetate at high intrave-
nous (i.v) dose has also been reported to acutely enhance circulating levels of GLP-1 
in humans [171]. Butyrate supplementation has been reported to enhance insulin 
sensitivity in mice fed with a high-fat diet while obesity and insulin resistance fail to 
develop over the course of 16 weeks [165].

Functional modulation of β cells through secondary metabolites is highly impor-
tant in maintaining homeostatic glucose levels. SCFA has been highlighted as an 
important signaling molecule as the recent findings of the presence of functional 
SCFA cell surface receptors on different tissues including gut and peripheral tissues 
[172–175]. Gut microbial modulation of the host’s metabolism modulated by SCFA 
production has been demonstrated by the activation of G-protein coupled cell surface 
receptors (GPCRs) also known as free fatty acid receptors (FFAR). FFAR includes 
different GPCRs which bind fatty acids of different chain lengths. GPR40 (FFA1), 
GPR84, and GPR 120 (FFA4) bind with the medium and long-chain fatty acids. 
Whereas GPR43 (FFA20), GPR41 (FFA3), and GPR109 bind with SCFAs. Propionate 
and acetate are found to be the most potent agonists of FFA3/GPR41 while butyrate 
selectively binds with FFA2. FFARs have been shown to be present in different periph-
eral tissues including the gut, liver, and pancreas. SCFAs like butyrate and propionate 
along with secondary bile acids indirectly modulate β cells. SCFAs enhance insulin 
secretion by activating GLP-1 secretion from the intestines [158, 176]. Butyrate and 
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propionate bind and activate G-protein coupled receptors (GPR43, GPR119) present 
on the enteroendocrine L cells and stimulate the release of GLP-1 in humans [177, 178]. 
Propionate also has been reported to influence β cell activity directly in humans. 
Propionate inhibits inflammatory cytokine-induced β cell apoptosis in human islets 
and enhances GSIS response from β cells independent of increased GLP-1 levels 
[179]. FFARs have been expressed by β cells and reported to modulate β cell activity in 
terms of GSIS [174, 180]. Apart from β cell modulation in terms of GSIS response, an 
interesting observation was made in these studies that high-fat diet-induced insulin 
resistance in a mouse model has shown to influence FFA2 receptor expression in β 
cells. Apart from these above-mentioned in vivo studies a recently published in vitro 
data further extends the notion that acetate, propionate, and butyrate separately 
enhance insulin secretion along with an increase in the expression levels of insulin 
genes from rat islets during long-term incubation [181]. Interestingly the authors 
noted that long-term incubation with butyrate induced a significant downregulation 
of β cell-specific key transcriptional factors and functional genes involved in the 
maturity-onset diabetes of the young (MODY). Another interesting finding which 
was made in this recent study was the significant suppression of the β cell identity 
genes like GLUT2, GCK, Pdx1, MafA, Nkx-6.1, and NeuroD1 after the long-term 
incubation with butyrate. The global suppression of the β cell identity gene was 
surprisingly independent of the deacetylase activity of butyrate indicating a non-
DNA acetylation mechanism involved. A significant decrease in the gene expression 
pattern of GLUT2 and GCK in rat islets after the long-term incubation with butyrate 
indicates that glucose or GSIS was not involved in the increased mRNA levels of INS1 
and secretion of insulin protein. Instead the basal levels of intracellular calcium ions 
[Ca2+]i was much higher in butyrate-treated islets as compared to the control. The 
combined effect of acetate, propionate, and butyrate on isolated rat or mouse islets in 
short- and long-term incubations needs to be examined in future studies. Along with 
in vivo approaches to fully characterize the impact of microbial metabolites on glucose 
homeostasis in different physiological conditions.

7. Prebiotics, probiotics and diet

Prebiotics are food ingredients that are non-digestible but fermentable oligosac-
charides. The primary role of prebiotics in food is to stimulate the fermenting activity 
of gut microbes and eventually trigger the growth of beneficial gut microbes [182–185]. 
Probiotics on the other hand are special foods that contain a certain amount of 
alive non-pathogenic bacteria which help to improve gut health and confer eubiosis 
[186, 187]. Bifidobacteria, lactobacilli streptococci and E. coli are the main bacterial 
strains that constitute most of the available probiotics. Prebiotics and probiotics 
supplementation has been shown to reduce inflammation and obesity in T2D patients 
[188–192]. The beneficial effect of prebiotics and probiotics on gut health, in general, 
is well accepted. However, the expected benefits of pre and probiotics in dysbiotic 
T2D patients is limited. Advanced stage or elderly diabetic patients fails to respond 
to pre and probiotic supplementation as compared to young and early-stage T2D 
patients [190, 193, 194]. An appropriate ratio of different gut microbes is extremely 
important for proper metabolic physiology. As dysbiosis has been attributed as an 
important permissive or causative factor in developing T2D. Extensive use of high-fat 
diets, diets which are also called western diets or fast food, have the ability to modu-
late gut microbiota. Specifically, the downregulation of beneficial Bifidobacteria 
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(Actinobacteria), which helps to break down food, and nutrient absorption and 
helps to alleviate constipation and diarrhea by fighting off pathogenic microbes. As 
Actinobacteria only makes up to 3% of the total gut microbiota, the high fat diet-
induced decrease in Bifidobacteria causes an acute pathological impact on metabolism 
and gut health. A high-fat diet also induces an unwanted increase in the proteobacteria, 
which usually accounts for a maximum 8%. An increase in the LPS containing proteo-
bacteria causes inflammation and obesity, a condition known as endotoxemia which is 
accompanied by insulin resistance. Oligofructose-containing prebiotics has been shown 
to lower LPS containing Proteobacteria by enhancing Bifidobacterial thus modulating 
endotoxemia and via GLP-1 dependent pathway improves glucose tolerance [195]. 
Prebiotics, probiotics and fecal microbial transplantation (FMTs) are the main treat-
ment options to enhance gut microbiota. The limited success of these treatment options 
to restore and maintain the eubiosis over time and the unique microbiology of the gut 
microbiome has called for a better understanding of gut microbial response and adapta-
tion to different diets and lifestyles. An elegant recent report documenting the in vivo 
bacterial gene expression profile in the gut in different groups of mice indicates that 
bacterial gene expression is hugely impacted by the type of food present in the gut [196]. 
Lifestyles, cultures and specific diets have been shown to modulate the gut microbiome 
in healthy non-diabetic subjects (Figure 1). These are lifestyle/diet-induced effects that 
eventually cause metabolic disorders and obesity. Apart from these detrimental out-
comes of certain lifestyles, medications especially antibiotics can severely damage the 
overall population and the specific ratio of the gut microbiome.

Figure 1. 
Impact of the use of probiotics and prebiotics on the gut microbiome in terms of its functionality and improving 
the glycemic control through manipulation of multiple factors like improved incretin secretions, increase 
in the production of SCFAs, improved bile acid metabolism and the decrease in the LPs induced low grade 
inflammatory response.



Effect of Microbiota on Health and Disease

58

Author details

Shahzad Irfan1*, Humaira Muzaffar1, Haseeb Anwar1  and Farhat Jabeen2

1 Department of Physiology, Government College University, Faisalabad, Pakistan

2 Department of Zoology, Government College University, Faisalabad, Pakistan

*Address all correspondence to: shahzadirfan@gcuf.edu.pk

8. Conclusion

Diabetes mellitus has emerged as the major metabolic disorder in the last two 
decades. A sedentary urban lifestyle, increased consumption of processed and fried 
foods and diets high in fat and protein have been indicated as the main reason for 
unhealthy weight gain causing obesity and disrupting the normal physiological 
pathways responsible for metabolic homeostasis. The role of the gut microbiome 
in ensuring a healthy metabolic and immune system is paramount. The remarkable 
research efforts made in the last two decades highlight gut microbial imbalance or 
dysbiosis as a common finding in diabetic patients. The direct and indirect regulatory 
influence of the gut microbial activity on the islet’s functionality has been experimen-
tally characterized in rodent models. The experimental findings highlight the impor-
tance of a healthy gut microbial community and the use of the appropriate amount 
of dietary fiber to support fermentation and production of beneficial SCFAs which 
not only impact the intestinal permeability but also influence β cell activity directly 
as well as indirectly. The use of pre or probiotics along with a healthy diet comprising 
enough dietary fiber is a prerequisite for communities and individuals suffering from 
obesity and diabetes.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
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Abstract

Obesity is a severe worldwide health problem driven by both hereditary and 
environmental factors, and its prevalence is increasing year after year. According to 
current thinking, The bacteria in the stomach may have a part in the growth of obesity 
and other health comorbidities. To better fully comprehend the link between obesity 
but also microbiomes, we sum up the features of the intestinal microbiota in obese 
people, the metabolic pathway of obesity-induced by the intestinal microbiota, and the 
impact of biological factors on the intestinal microbiota and adiposity in this chapter. 
The microbiome has been shown to have a major role in the development of obesity 
by regulating energy metabolism. The makeup and density of intestinal flora can be 
influenced by diet. Simultaneously, it is suggested that the gut microbiome be used in 
obesity studies. Some food items have recently shown that pro capability via func-
tional ingredients that impact the intestinal flora, attracting the interest of scientists.

Keywords: obesity, weight loss, intestinal microbiota, diets

1. Introduction

Obesity is a physiological condition triggered by a mixture of hereditary and 
nongenetic variables, such as external cues. Obesity is classified by the World 
Health Organization as having a Body fat percentage of more than 30, however, the 
requirements vary by country. In China, for instance, obesity is classified as a BMI 
of 28 or more. Over one-third of the worldwide population is overweight, including 
over 10% obese, according to a thorough survey [1]. Obesity is estimated to reach 
1.12 billion people worldwide by 2030 [2]. Obesity affects more than 500 million 
people worldwide, creating a major financial and public-health issue [3]. Obesity 
has sparked renewed worry and is now becoming a severe global health issue. 
Obesity is associated with abnormalities in triglycerides, insulin, inflammatory 
processes, and peroxidation, as well as a higher risk of heart disease, diabetes, and 
malignancy [4, 5]. According to a rising body of evidence, a bacterial imbalance in 
the gut contributes to obesity [6, 7]. Dietary changes, exercise, surgery, and medica-
tion are the most popular treatments for obesity. Traditional weight loss techniques, 
on the other hand, frequently fail to produce satisfying results, and obesity rates 
are expected to climb further [8]. Many dietary plants have been proven to reduce 
appetite, restrict food absorption, reduce adipogenesis, and increase energy 
consumption, and all have anti-obesity properties [9]. In the human intestinal 
mucosa, particularly the colon, the gut microbiota, which contains bacteria, fungi, 
Archea, and viruses, is common [10, 11]. The effect of gut microbiota on obesity 
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has received a lot of attention in current history, and it might be a viable weight-
loss strategy. The effects of food plants on gut flora have recently received a lot of 
emphasis. The gastrointestinal microbiota contains around 100 trillions of commen-
sal bacteria, which is 10 times the body’s total density [12].

To keep its birthrates high, the gut flora feeds on nutritional remnants that people 
cannot process, mucous secreted either by the gut, and cells waste shed as food 
[13]. Short-chain fats, nutrients, and right things like a pro, analgesic, or oxidative 
chemicals will be produced by a healthy gut bacteria, along with potentially danger-
ous items such as neurotoxicity, malignancies, including immunotoxins [14, 15]. Such 
substances can infect humans, and immediately cause mutations, thus disrupting the 
defense but also physiological processes of humans. As a consequence, maintaining 
the body’s natural normal metabolic equilibrium need balanced intestinal bacteria. 
Obesity is regarded as a long net caloric consumption mismatch that results in exces-
sive weight gain [16]. The interplay between biological and epigenetic variables, such 
as nourishment, dietary components, and/or lifestyle decisions, are to blame. Overall, 
the complex mechanisms that lead to obesity and its consequences are unknown, but 
recent research shows that it gastrointestinal tract the thousands of microorganisms 
that normally reside within the individual gastrointestinal tract should be taken into 
account [17]. Food absorption, energy management, and fat storage are all influenced 
by the intestinal microbiota and its microscopic genome, according to a new study.

Moreover, gut flora can alter the immune system of humans [18], and also the 
composition of bile salts, which can affect ingestion and physiology [19]. Obesity, 
cancer, and irritable bowel syndrome are hypothesized to be caused by gut micro-
bial dysbiosis [20, 21]. Gram-negative bacteria lipopolysaccharide (LPS) may, for 
instance, produce an immune response in the recipient [22]. Obese people have 
a lesser variety of intestinal flora than lean people [23], and the huge quantity of 
specific gut microbiota taxa has changed in obese people [24]. Utilization of some 
food items could be negatively proportional to excess weight through modifying gut 
flora, according to epidemiological research [25–27]. As a consequence, eating dietary 
plants and taking advantage of their impact on gut microbiota management might be 
a novel method to treat obesity. These results indicate that gut bacteria may regulate 
the host’s energy metabolism, potentially leading to obesity and other disorders. This 
chapter’s vision is to offer a broad review of this hot issue, including the involvement 
of the intestinal microbiota with obesity.

2. Intestinal microbes

With around a hundred billion bacteria, the microorganisms in the human gastroin-
testinal system are large and varied. This colon is expected to have a bacterial cell density 
of 1011 to 1012 per ml, making it one of the world’s most densely inhabited microbial 
ecosystems [28]. The gut flora contains around 3 million genetic materials and hundreds 
of compounds, but the genome sequence only contains approximately 23,000 genes [29]. 
The host intestinal flora contains 10–100 trillion germs, making it challenging for biolo-
gists to characterize the whole microbiota, particularly with the classic Sanger method.

Bacteria, fungi, and viruses are among the species that make up gut bacteria. 
Bacteria are divided into phylums, classes, groups, families, species, and individu-
als. Even though only a few phyla are included, there are over 160 species [30]. The 
most prevalent gut microbe phyla include Species, Acidobacteria, Lactobacillus, 
Lactobacillus, Actinobacteria, Microbacterium, and Verrucomicrobia, alongside 
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Taxa and Eubacterium [31]. accounting for 90% of a microbial population. The 
Firmicutes phylum has about 200 genera, including Escherichia, Staphylococcus, 
Coli, Enterobacter, and Ruminicoccus. The Clostridium genus makes up roughly 95% 
of the Firmicutes phylum. Bacteroidetes is a bacterial family that contains well-known 
bacteria which including Bacteroides and Prevotella. There are fewer bacteria in the 
Actinobacteria phylum, with the Bifidobacterium genus dominating [31].

The Firmicutes phylum, including comprises % of the gut bacteria, encom-
passes more than 200 genera, Escherichia, Pseudomonas, Vibrio, Enterobacter, and 
Ruminicoccus are a few examples. Almost the whole Genera class is represented by 
the Clostridium genus. Bacteroidetes is a bacterial family that includes well-known 
bacteria such as Bifidobacteria and Prevotella. The Lactobacillus genus dominates the 
Lactobacilli phylum, which contains a smaller amount of microbes.

2.1 Individual differences

Each section of the Gastrointestinal system has a different taxonomy and func-
tional flora, which fluctuates throughout time as a result of perinatal changes, aging, 
and external conditions such as antimicrobial usage.

2.2 Anatomy of the intestine

Physiological factors such as acidity and high oxygen tension, digestion flow that is 
quick inside the lips but slows down afterward food supply, and finally human fluids 
all have an impact on the microbiota [32]. The gut provides a more difficult habitat for 
microbes due to its short transit times (3–5 hours) and high bile concentration. The 
largest microbial population is located in the large intestine, which has a slow mass 
flow and a normal to slightly acid pH, with obligate anaerobic bacteria dominating.

2.3 Evolution and resilience

Even though a tiny amount of pathogens via maternal blood could produce a first 
microbiome at delivery, fetuses are assumed to be sterile during pregnancy [33]. 
Viruses out from the mother and the surroundings infiltrate the newborn’s intestines 
almost immediately. The microbiota’s makeup is influenced by cesarean delivery, 
antimicrobial therapy, nutrition, and ambient hygiene [34]. Bacterial flora in your 
intestines is extremely stable throughout maturity, shifting just a little around a 
core of stable colonizers. The gut physiology and nutrition of humans alter as they 
get older [35]. Temporary changes, however, may occur as a result of dietary factors 
or antibiotic treatments. Quick medication with only a solitary prescription with 
antibiotic therapy, such instance, alters the intestinal flora lasting up to 4 days until 
returning to its previous state [36]. In addition, some bacteria might take months 
of rehab after treatment, resulting in a loss of diversity after multiple medication 
exposures [37]. Dietary modifications have a similar effect on the makeup of intesti-
nal flora. Food provides nutrients to the host as well as the microbiota, whose bacteria 
may be favored or injured by dietary substrates. As a result, according to one study, 
changes in diet in mice could responsible for 57% of the overall point mutation in gut 
microbes, while gene variants accounted for only 12% [38].

So far, the gutMEGA database has collected the gut microbes of 6457 taxa [39]. 
Firmicutes, Bacteroides, Proteus, Actinomycetes, Fusobacteria, and Verrucomicrobia 
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comprise the bulk of the human gut microbiota [40]. Varied gut flora is ultimately 
beneficial; nevertheless, a lack of choice in the gut microbiome may lead to disorders 
such as obesity [23]. Another feature of gut health microorganisms is a delicate bal-
ance, which refers to the gut microbiota’s capacity to resist perturbation and return to 
health, such as following antimicrobial therapy [41].

2.4 Changes in infant and gut bacteria makeup

The mammalian gut flora is a flexible and intricate habitat that evolved including 
its owner [42] which accounts for around one kg of our body weight. Our intestinal 
bacteria populations are rapidly being recognized as an entity with physiologi-
cal, immunosuppressive, and estrogen functions that lead to illnesses [43]. Each 
Digestive system contains around 1014 organisms ten times the level of cells in the 
human body and each gut flora has 500–1000 unique types of bacteria [44, 45]. The 
Megahits group [25] also released a list of nearly 10 million non-redundant genes 
derived from decoding specimens from 1267 people, showing that the microbial 
community includes at least 100 times the amount of genes found in the bodily 
genome [46–48]. An overall current population could be classified into three groups 
based on the nature of the gut flora [31]. The most prevalent enterotypes are Also 
used Prevotella, or Rotifers, with Bacteroides, Lactobacilli, and Ruminococcus 
leading the pack. Although enterotype differences were previously assumed to 
be unrelated to region, age, race, or BMI [49], they have now been connected to 
long-term eating habits. The gut microbiota is a symbiotic relationship that helps 
the human body do things it cannot. As a result, sustaining regular GI and immuno-
logical processes, as well as proper nutrition digestion, requires the gut microbiota 
[12, 50]. Its microbiome, for instance, ferments metabolites indigestible food 
elements, synthetase enzymes, and certain other critical minerals, food poisons, 
and carcinogens convert cholesterol and bile salts, supports immunological reaction 
development, controls enterocyte growth and division, controls gastrointestinal 
capillaries, and protects against pathogenic strains [51]. Carbohydrate composting, 
its generation of short-chain fatty acids, a saturation of selected surface proteins, or 
the formation of minerals and abundant amino acids all seem to be the main tasks of 
normal gut flora [52].

2.5 Gestational age at birth

Due to organ development and external influences such as antibiotics, hospitaliza-
tion, and enteral feeding, colonization is a concern in preterm neonates after birth 
[53, 54]. For these reasons, preterm birth might have had a considerable influence on 
gut and systemic immunity throughout pregnancy [54].

Preterm newborns have a limited range of bacteria, with more potentially hazard-
ous microbes again from the Proteobacteria phylum’s Bacteria cell colonizing them 
[53] and decreased rates of strictly anaerobic bacteria like Bifidobacteria and lacto-
bacilli [55], Bacteroides, and Atopobium [53]. Genetic factors, as well as the family’s 
secretor and Lewis blood type, impact the composition of infant formula, resulting 
in four phenotypes with varied amounts of oligosaccharide [56]. Premature children 
born to non-secretor mothers had greater Proteobacteria levels and lower Firmicutes 
levels [57]. Pratic et al. [58] investigated the makeup of colostrum that discovered 
that Health maintenance organizations linked with different mother phenotypes 
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influence the gut microbiota of newborns. For example, health centers associated 
with secretor moms might provide a prebiotic benefit by lowering microorganisms 
linked to sepsis and necrotizing enterocolitis [57]. This suggests that health centers 
can alter gut flora, protecting premature babies against gut dysfunction and NEC 
[59]. Lactoferrin is a well-known component of human dairy that promotes the 
colonizing of preterm newborns’ stomachs with helpful bacteria, therefore improv-
ing their ecology [32].

2.6 Type of delivery

Babies acquire a gut that is identical to their mother’s gut microflora after normal 
delivery. The flora of the child’s large intestine and the related organisms of the vagi-
nal tract, Bacteria, Lactobacilli, and Sneathia, were discovered to be closely linked in 
the development of biological baby mucus [60]. As per Biasucci et al. [61], significant 
bacteria such as Probiotic bacteria long and Lactobacillus catenulatum are familiar 
with the microbiome of perineal born neonates. E. coli, Staphylococcus, Bacteroides 
fragilis, and Bacteria are among the aerotolerant anaerobic bacteria found inside the 
infant gut [62–64].

In analyses done at 7 years old, variations in the microflora of C-section and peri-
neal delivered infants were discovered [65]. Persistent autoimmune abnormalities like 
influenza, regional collagenous disorders, adolescent arthritis, irritable bowel [66], or 
overweight [67] have been linked to cesarean delivery.

2.7 Methods of milk feeding

As per research [68, 69], Equation babies are more likely to be contaminated with 
E. coli, Bacteroides, and Clostridium difficult than breastfeeding infants. In terms of 
Actinobacteria concentration, Bifidobacterium spp. has been connected to breast-
feeding and artificial milk [70, 71]. In contrast to equation babies, breastfed infants 
have a more diverse and variable Probiotic bacteria microbiota [71]. Breastfeeding 
infants are provided microbiota for a more than 2 increase in Acidophilus cells as 
compared to supplemented infants [70]. Breastfed babies had a more favorable gut 
microbiota than pattern babies, with more Bifidobacterium spp. and less Clostridium 
difficile and Escherichia coli [23].

Maintaining a healthy and nourishing gut flora in the mother during pregnancy is 
also regarded to be a crucial factor in improving the milk microbiome composition. 
Oral supplements may increase the quantity of Acidophilus spp. and Lactobacilli spp. 
in human breast milk in vaginally delivered mothers [72].

2.8 Weaning period

When solid foods are introduced and dairy is eliminated, significant changes in 
gut flora occur. Probiotics, Escherichia coccoides, and Bifidobacteria are the most 
frequent species after childhood [73]. Apigenin muciniphila, Enterobacteriaceae, 
Veillonella, Mycobacterium coccoides spp., and Botulism spp. are all found in signifi-
cant levels in the microbiota of one baby [74]. Around the age of three, the appear-
ance and diversity of a toddler’s intestinal microbiota are most akin to those of adults 
[75]. Bacillus subtilis, Bacteroidetes, and Act are the three bacterial phyla that control 
the adult microbial population.
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2.9 Antibiotics

Pharmaceuticals could alter the intestinal microbiota’s makeup to some extent. 
The influence of antibiotic molecular pathways on the makeup of the human micro-
biome was investigated in obey research [76], Penicillin treatment options alter 
the gut microbiota, increasing the prevalence of some species while decreasing the 
abundance of others. Bacterial diversity and abundance decreased during therapy. 
Antimicrobial class, frequency, length of therapy, pharmacokinetic properties, and 
target microorganisms all impact gut flora composition [77]. Antibiotic features such 
as antimicrobial actions and potency are important in the development of gut flora 
thus they are partly to blame for bacterial composition changes following antibiotic 
therapy [76]. The drug has unique properties and disposal methods, resulting in a 
wide range of bacteria material changes [77].

2.10 Gut microbiota variations between individuals

We’ve previously seen how single intestinal microbiota makeup changes, and now 
we’ll examine how it varies among individuals. Intertype’s, BMI levels, and extrinsic 
variables including behavior, health and body, race, and culinary or cultural tradi-
tions all impact cross variability.

2.11 Enterotypes

We’ve established that the gut flora composition differs across persons; now we’ll 
investigate how it varies between individuals. Exogenous variables including activity 
regularity, race, culinary and cultural habits, enterotypes, and BMI levels all play a 
role in these variances. Instead of an intentional integration of germs, an enterotype is 
a physiologically close relation between distinct species of bacteria. Although entero-
types are not as different from plasma groups in terms of structure, they are tolerant, 
constant through life, and may be regained if they are changed. Enterotypes appear to 
be mostly defined by food habits. Knowing the genesis and roles of enterotypes might 
help researchers better understand the links between gut flora and people’s health.

2.12 Body mass index

Many investigations [78, 79] focused on the impact of childhood obesity on 
intestinal flora and found that overweight or medium BMI kids had more bacterial 
ecology than underweight students. Intestinal flora declines with time, depending 
on the BMI category [78, 80]. Obese children’s microbiota has a greater Firmicutes-
to-Bacteroidetes ratio than lean children’s microbiota, according to Bervoets et al. 
[81]. On the other hand, this obese microbiome exhibits comparably low percentages 
of Probiotic bacteria vulgatus and high levels of Escherichia species [81]. Adiposity 
is also linked to higher levels of Genus like Ruminococcaceae and decreased rates of 
Clostridium such as Bacteroidaceae and Enterobacter, according to Riva et al. [82]. 
Short-chain fatty acids were found to be higher in obese children, indicating that 
they used more fuel. Increased SCFA production and energy extraction from colon 
digestion are connected to a higher Firmicutes to Bacteroidetes ratio, indicating that 
intestinal flora imbalance might play a role in obesity etiology [82]. Gut flora instabil-
ity is well predicted by BMI.
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2.13 Ethnicity, dietary habits, and cultural habits

Although a healthy person’s microbiome is largely stable, behavior or dietary 
culture choices may likely alter gut microbial behavior [49]. According to a study 
on European children given a Western diet and Liberia children eating a diet high 
in grain + local vegetables with relatively low lipids and animal protein, African 
children’s flora contains a noticeable excess of Prevotella and Xylanibacter [83]. 
Shigella and E. coli bacteria are similarly underrepresented. Research [84] compared 
the intestinal microbiome of Hadza hunters with Italians. On either a phylum level, 
the Hadza gastrointestinal tract is dominated by Genus and Spirochaetes, whereas 
Cyanobacteria, a crucial upper octave member of the Italian gut microbiota, is almost 
non-existent. When the kind of food varies, biodegradation switches between carbo-
hydrate and protein digestion. This occurred just one day after the food contacted the 
microorganisms in the distal intestine. Diet has a quick and long-term influence on 
the human microbiota, according to David et al. [85].

2.14 Exercise frequency

Bai et al. [78] discovered connections between exercise regularity and gut flora 
composition in a study of teenagers. Daily exercise increases gut microbial diversity 
by producing more SCFAs, via stimulating the production of adhesion molecules in 
colon epithelia, which may aid to improve gut barrier resilience, limiting mucosal 
leakage, and modulating cytokine secretion [78, 86].

3. Gut microbes in connection with obesity

The idea for studying obese people’s gut microorganisms came from the idea that 
gut flora might be a vital component of their long-term health. The earliest evidence 
of a link between gut flora and obesity was discovered in germless mouse studies. The 
quantity of fat and insulin sensitivity inside the transplanted increased even when 
food consumption was reduced, showing that gut microbes may help the recipient in 
the formation of adipose tissue [87]. Its Firmicutes ratio rose sharply in fat mice [88], 
showing that the obese mice’s microbiome was good at taking energy from the feed. 
Systems can be seen in individuals; for instance, in the guts of obese children, their 
ratio of Firmicutes climbed whereas the quantity of Bacteroidetes decreased [89]. The 
Firmicutes/Bacteroidetes ratio increased as BMI increased, according to a study of the 
Ukrainian population [90].

In overweight and obese people, supplementing with A. muciniphila improves 
metabolic indices [91]. Traditional probiotics like Lactobacillus and Bifidobacterium, 
for example, help to maintain healthy gut flora. Crovesy et al. [92] investigated the 
impact of Bacteria on obesity rates but found that its beneficial benefits were genus. 
The frequency of Lactobacillus paracasei was shown to be interrelated to fat, but the 
number of Escherichia repeating unit and Lactobacillus acidophilus gasseri was shown 
to be favorably related to obesity. Animal studies have shown that Bifidobacterium 
can help people lose weight. Bifidobacterium demonstrated a strain-dependent 
impact on obesity in diet-induced obesity animal models [93]. Obesity is linked to a 
reduction in Bifidobacterium abundance in the intestine [94]. The study on intestinal 
flora and obesity is represented in Table 1.
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3.1 Obesogenic gut microbiota

Firmicutes and Bacteroidetes, for particular, have been identified as obesity-
promoting intestinal flora, which can lead to the growth of obese [97].

3.2 Firmicutes and Bacteroidetes

Ruminiococcus, Candida, and Lactobacillus have been the most prevalent 
representatives of the phylum Firmicutes phylum Bacteroidetes in the gut  
bacteria, accounting for 90% of types of bacteria [44, 98]. Regulating glucagon-
like peptide 1 release may aid to alleviate insulin sensitivity and obesity in way of 
eating obese C57BL/6 J mice given antibiotics [99]. Inside the intestines of adult 
C57BL/6 J rats fed a strong diet, firmicutes were found mainly [100]. In obese 
people and obese mice, a great proportion of Firmicutes to Bacteroidetes has just 
been reported as an adiposity trait of the gut microbiome [42]. Obese women  
having elevated toll-like receptor 5 gene expression were also shown to have 
a greater number of the genus [101]. Egyptian researchers examined the gut 
microbiome of 51 obese persons (23 kids and 28 individuals) to the gut micro-
biome of 28 healthy individuals in a study. In a survey of 17 children and 11 
adults, researchers observed that the phyla Firmicutes and Bacteroidetes were 
significantly higher in the obese group (p 0.001, p = 0.003) [102]. Lactobacillus 
has been divided into various subgroups, each of which has been associated with 
obesity and the genesis of obesity. A variety of key enzymes are missing in bacte-
ria that promote weight gain, including sugar enzymes, antioxidants, and dextrin, 
L-rhamnose, or acetate synthetases [103].

The three principal Bacteroidetes taxa present in the human stomach are 
Bacteroides, Prevotella, and Porphyromonas. Bacteroides account for more than a 
third of all gut bacteria, and it’s particularly prevalent in Westerners who consume a 
high-fat or high-sugar diet [104]. Together in a controlled trial with 138 babies aged 
3 years, the utilization of Bacteroides in the intestines was found to be positively 
associated with bodyweight [105]. Bifidobacteria and Lactobacillus species have also 
been linked to weight increase in children [106, 107].

Obese and Microbe Features Preclinical or 
clinical

subjects References

Firmicutes/Bacteroidetes ratio increased Preclinical Mice [12, 24]

Clinical Childhood [50]

Clinical Adult Ukrainian 
population

[51]

Increased Akkermansia population reduced body 
weight

Clinical Human [52]

preclinical Mice [95]

Bifidobacteria reduced Preclinical Rats [55]

Methanobacteriales smithii and Bifidobacterium 
were associated with normal weight

Clinical Human [96]

Table 1. 
Linkage of obesity with gut microbiomes.
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3.3 Anti-obesity gut microbiota

Certain gut microbiota species have been reported to have anti-obesity character-
istics, in contrast to the obesogenic gut microbiota. In the next part, Bifid bacteria, 
Lactobacillus subspecies, and Bacteroidetes are investigated as anti-obesity gut 
microbiota.

3.4 Probiotics and obesity

C57BL/6 J mice were given Bifidobacterium lactis 420 for 12 weeks to inhibit weight 
gain, which may be attributed to decreased intestinal epithelial adhesion and blood 
LPS [108]. Probiotic lactic 420 also improved the viability and lowered the porosity of 
Overexpressing cells in a dose-dependent manner, suggesting that it might help with 
the treatment of low-grade inflammatory disorders like obesity [109]. During eight 
weeks, High fat-feed mice were given Bacteria bacillus bifidum BGN4 and Probiotics 
reticulata BORI, which significantly reduced weight gain and lowered liver triglycerides 
and total cholesterol, as well as blood aspartate and alanine transaminase activity [110].

Despite the reality that some Lacto strains were linked to obesity, most of the 
Bacillus species were found to have a pro function [98]. Lactobacillus aided fat loss in 
animals, whereas Bacterium gasseri aided weight loss for both obese people and ani-
mals, as per a meta-analysis [111]. Lactobacillus cultures 031 CE reduced lipid levels 
and the activity of aspartate transaminase and alanine transaminase in the hepatic 
Institute of Cancer Research mice high-fat- fat diet [110]. With down-regulating- 
regulating TNF-, interleukin-1, and Nuclear factor and upregulating IL-10 and tight 
junction, Bacteria sakei OK67 treatment to fat-fed mice greatly lower body or epi-
didymides fat excess weight [112]. Par-, PR domain containing 16, Par- coactivator-1, 
growth factor protein 7, and fibroblast growth factor 21, were all increased by Bacteria 
consisting of a resistor 263 in Adult male rats [113].

4. Obesity mechanism induced by gut micro-biota

4.1 Energy absorption

To provide energy to their humans, obese rats consume more carbohydrates via 
their gut bacteria [114, 115]. When bacteria mice colonized predominantly by the 
obesity microbiota’ did not change their food or weight, their total body fat increased 
in comparison to mice colonized by the Chilean biome’ [88]. Obese people’s gut 
microbiota has a larger capacity for absorbing energy from meals, according to the 
study. Obese mice had higher lipid uptake, according to a multi-omics study. In 
germ-free mice, Clostridia colonization downregulates genetic variants’ fat intake 
[47]. In a way, the gut bacteria of fat people may produce more impact energy, leading 
to higher energy and weight growth. Difficult-to-digest carbohydrates are fermented 
by gut bacteria into short-chain fatty acids, which are either eaten or expelled in the 
stool. Short-chain fatty acids are necessary to maintain energy balance [116]. SCFAs 
have lately received a lot of attention for their positive effects on cellular integrity 
and lipid metabolism, although their relevance in obesity is still debatable. Intestinal 
permeability, metabolic disease indicators, obesity, and hypertension have all been 
associated with increased fecal SCFA levels [117].
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4.2 Central appetite and fat accumulation

The gut microbiota has become one of the most transcription factors of intes-
tine connection. Within the study of the morphological and molecular origins of 
obesity and associated illnesses, the gastrointestinal system pathway has attracted 
much interest. Hormonal, immunological, or neurological pathways connect 
both brains with the microbiome [118]. The intestinal microbiota link influences 
the nerve cells of said individual. The autonomic nervous system can affect the 
makeup and structure of the gut flora. Microbiomes affect cognitive activity 
in a variety of ways, including by influencing the synthesis of neuropeptides 
like dopamine, which are critical for gastrointestinal function regulation [119]. 
Lactate, a nerve terminal fuel generated by Lactobacillus and Bifidobacterium, 
has now been demonstrated to enhance satisfaction following a meal [120]. 
Protracted hunger suppression controlled via hypothalamic neurotransmitter 
energetic pathways can be paired with short-term stomach pleasure regulation 
linked with bacterial proliferation [121]. Table 2 depicts the obesity process as 
part of gut flora.

In 2004, it was shown that gut microbes can influence fat accumulation [87]. The 
gut bacteria upregulates two key signaling pathways, glycemic reaction component 
binding domain or cholesterol control component related proteins, causing fat to 
accumulate in hepatic. Lipids directly stimulate through the liver, where they can 
be absorbed via visceral fat, thanks to lipoprotein lipase. Fiaf, an LPL regulator, is 
produced by intestinal epithelial cells. Normal mouse intestinal epithelial cells have 
Fiaf inhibited, allowing the host to store more energy.

Influence Features of Microbes Process References

Load capacity 
has increased.

Streptomyces depletion with 
Sulfolobus proliferation

The expression in 
genes that govern lipid 
absorption, such as 
CD36, has increased.

[122]

The host will 
have more 
energy.

Fusobacterium, Roseburia feces, 
and other Cycle life grew in 
number, whereas Akkermansia 
muciniphila, Alistipes finegoldii, 
Bacteroides, Christensenellaceae, 
Methanobrevibacter, and 
Oscillospira dropped in the count.

Short-chain fatty acids 
in abundance

[117]

Hunger rise Clostridial clusters XIVa and IV 
prevail in this colony.

Neuropeptide levels 
were significantly lower 
in obese subjects.

[123–125]

Fat 
accumulation 
has increased.

Gut bacteria from normally grown 
mice were transferred into microbe 
mice.

Increased synthesis 
of Articulate and 
Depositors, which 
activates LPL and 
helps triglyceride entry 
into the bloodstream 
out from the liver, 
suppresses Fiaf.

[87]

Table 2. 
Adiposity caused by gut microbes.
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5. Obesity and microbiota: Connectivity to genetic makeup and transport

A combination of genetic and chemical variables impacts obesity. The microbe is 
thought to be influenced by inheritance. In actuality, several gene mutations might be 
responsible for changes in the structure but also diversity of the intestinal microbiota 
in obese people. A connection between twin genetic variation and distinct microbial 
species was discovered using whole-genome correlation. More than a dozen gut 
microbes have been linked to good health [126]. Genes affect bacteria, as evidenced by 
Probiotic bacteria and the lactose intolerance genome cluster [126] and AMY1-CN as 
candidate genes linked to the shape and severity of the microbial [127]. It’s also possible 
that the gut microbiota is handed down from mother to kid. The gastrointestinal tract 
of spore mice was shown to be relatively stable in succession studies. In most cases, 
these bacteria make up a great proportion of the gut flora of mice, suggesting that 
rodents get the majority of their intestinal flora from their mothers [128]. The micro-
bial community may be detected in the womb, synovial fluid, amniotic fluid, and even 
mucus, according to the study, so parental microbes could have a major impact on the 
development of the child’s microflora [129]. Obesity is caused by a variety of causes, 
one of which is a bad diet. In industrialized nations and places, the consumption of 
high-fat and high-sugar meals has steadily increased, increasing obesity. Changes in 
nutrition have a profound impact on intestinal flora since gut bacteria rely on human 
food for survival and energy. Bacteroidetes were detected in reduced quantities in rats 
given a strong diet, although Firmicutes or Proteobacteria were found in higher levels. 
Similar changes were observed in mice who were not overweight, implying as saturated 
cholesterol would have a detrimental influence on this microbiota [130, 131]. The gut 
microbiota can be dysbiotic due to both hereditary and environmental causes. Figure 1 
shows that dysregulation could indeed affect energy uptake through transcriptional but 
also heavily rely on short-chain lipids, and also enhance core hunger via the intestine 
pivot, intestines estrogen, or neuropeptides; restrict fat metabolism via signaling 
pathways and glycoprotein lysozyme; trigger serious swelling via immunomodulation 
cell proliferation but also lipoteichoic acid, and obstruct the sleep cycle by influencing. 
Obesity vulnerability tends to be enhanced by these variables.

Sleep deprivation can also contribute to obesity. Sleep deprivation can impact 
intestinal flora and thus cause weight gain by interrupting sleep cycles. Insomnia 
led to huge dietary intake and long-term alterations within gut flora, with 
Lactobacillaceae and Ruminococcus content levels increasing and Lactobacillaceae 
abundance values dropping. These factors promote peripheral and visceral white 
adipose tissue irritation, and glycemic control changes [132]. Stress stimulates desire 
that leads to overweight by the application that regulates metabolism thus promoting 
the ingestion of desserts and fats meals [133].

5.1 Eating flora pro impact via modifying gut flora

Fruits, veggies, peppers, cereals, grain, and tea are just a few of the foods that were 
demonstrated to reduce obesity through modulating the microbiota and activity in 
the intestine [9, 134, 135].

5.2 Fruits

Fruit is rich in phenolics, pectin, and xylose, which may help prevent obesity, 
cancer, and heart disease [136, 137]. A 122-person randomized trial in the United 
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Kingdom discovered that increasing fruit and vegetable consumption altered the 
aspects of the human intestinal flora, with an increase through Clostridium provid-
ing a broad range of bromine and a decrease in pathogens Clostridia, which could be 
linked to obesity prevention [138].

As shown in Figure 2, taking pro supplements Organic vegetables in the diet 
boosts pro gut flora while reducing obesity-promoting bacteria. Toxins produced by 
a gastrointestinal microbiota with amplitude modulation may help with weight loss 
by lowering ghrelin, reducing fat storage by bottom triglycerides and up-regulating 
adipocytes charring, enhancing gastric mucosal feature, but also reducing intestine 
soreness by lowering Tumor necrosis factor, Nuclear factor, or Lipid polysaccharides, 
and improving gut mucosal function.

5.3 Grapes

Grapes are a nutrient-dense fruit that is abundant in resveratrol, a natural flavonoid 
with a slew of health advantages [136, 137]. In HFD-fed rats, resveratrol reduced 
weight growth and subcutaneous adipose weight while boosting the Bacteroidetes 
to Genera ratios, Streptococcus, and Probiotics while decreasing E. coli faecalis. The 
anti-obesity effects of resveratrol may be due to lower gene expression of medical field 
enzymes such as lipolysis, acylated deaminase 1, propyl hydroxylase 1, or fatty acid 
synthase [134]. In contrast, feeding C57BL/6 J mice grape pomace and cinnamon bark 
extract for 8 weeks lowered obesity by lowering fat mass, adipose irritation, and modi-
fying gut microbiota and intestinal barrier indicators. Allobaculum and Rose bury 
were up-regulated in C57BL/6 J mice following treatment with combined extracts, 
Enzyme activities, and Lactobacillus, on the other hand, were away back [139].

5.4 Apples

Firmicutes, Bifidobacteria, E. coli, Enterobacter, Vibrio cholera, but also Probiotics 
were brewed with fecal matter from nutrition obese mice, and the crude extract was 

Figure 1. 
Obesity emerges as a result of the microbiota’s dysregulation, which is produced by the microbiota’s 
immediate touch with local cells.
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able to control the gut flora of organisms linked to obesity by altering the volumes of 
Genus, Bifidobacteria, Enterobacter, E.coli, Escherichia coli Moreover, 0.5% polym-
erization semi fruit fulfillment reduced budget deficit obesity in rats fed a high-fat 
by lowering the Genera to Bacteroidetes ratios while eightfold doubling the levels of 
Akkermansia [140].

5.5 Berries

Many currants, such as blueberries, black currants, and plant-feeding-feeding- 
feeding, have been known as the anti properties by affect the gut flora [141–143]. By 
lowering Tumor necrosis factor or interleukin levels, enhancing insulin production, 
and raising Gammaproteobacteria density in Wistar rats, blueberries powdered may 
protect them against High fat-induced inflammation [144].

Pro bacteria like Akkermansia and Desulfovibrio can also be increased 
and whole black raspberries may lower intestinal inflammation [145]. 
Proanthocyanidins, a polyphenols duo prevalent in strawberries, were given to 
adult Zealand white bunnies for twelve weeks to alleviate nutrition adiposity by 
raising the quantity of Bifidobacteria at the phylum level and Akkermansia at the 
genera [146].

5.6 Other fruits

In diabetic mice on the High - fat diet, mangoes with 10% restored the frequency 
of Bifidobacteria and Akkermansia, lowering intestinal microbiota coccidiosis [147]. 

Figure 2. 
Mechanisms of dietary plant weight reduction benefits through gut bacteria modifications.
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Poly methoxy flavones and hydroxyl poly ethoxy flavones, both found in citrus 
peels, have been shown to reduce body mass and adipocytes bulk in high-fat-fed 
mice by lowering oil droplets, perilipin 1 nutrients, and glycosides controlling signal 
sequence 1, as well as raising Prevotella and reducing rc4–4 microbes within rat 
digestive tract [148].

5.7 Vegetables

In terms of attributes, a chloroplast component found in all green vegetable 
tissue has been shown to enhance weight reduction in rats by boosting Bacteroides 
fragilis while boosting hunger [149]. In cross-sectional research with healthy 
females, increasing soluble fiber intake from veggies and fruits was proven to 
reduce tall weight gain and increase Ruminococcaceae abundance, and improved 
respiration [26].

5.8 Legumes

In nutrition obese mice, pea flour had a considerable anti-obesity impact and 
enhanced the Bacteroidetes to Firmicutes ratio [150]. Soy proteins are known to 
reduce rat fat mass or fat percentage by 10%, enhance hepatotoxicity and tertiary 
bile acids, and enhance Lactobacillus prevalence while reducing Blautia, and 
Lachnospiraceae richness [151]. Likewise, mung bean proteins, that are high in 
8-globulin, are said to reduce adiposity formation and excess weight caused by the 
HFD, as well as ketoacidosis [152]. Mung bean proteins, on the other hand, were 
linked to an increase in Bifidobacteria and just a decline in Genus, a raise in intestine 
glucosidase potential associated tiers, and a higher primary biliary total acidity.

5.9 Tea

Tea has been a popular beverage for a long time. Tea has recently shown anti-
obesity capabilities through a variety of means, including lowering fat accumulation 
in cells and changing gut microbiota [153]. However, dosing of C57BL/6 J mice 
with crude extract of green, oolong, and black tea indicated that these tea extracts 
improved glycemic control and also decreased weight gain through modifying the gut 
microbiota. The Rikenellaceae and Desulfovibrionaceae families were decreased in 
number, leading to greater SCFA levels, lower lipopolysaccharide tiers, and improved 
glucose metabolism [154]. By enhancing the percentages of Genus to Bifidobacteria 
and Bifidobacteria to Lactobacilli, and also flattening the looks of lipid metabolism 
and offensive genetic makeup in white adipose tissue, kefir black tea effectively 
reduced weight gain but also abdominal obesity in obese rats without any influence on 
caloric intake [155].

5.10 Spices, turmeric and chili

Herbs have such a longstanding experience of usage in food flavoring, while 
polyphenol found in spices has been demonstrated to get a variety of bioactivity, 
Anti-obesity, anti-cancer, anti-inflammatory, and anti-bacterial growth suppression 
are only a few of the benefits [156, 157]. Turmeric contains curcumin, which is a 
key bioactive component with a lengthy range of health benefits. Turmeric has been 
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demonstrated to have a significant effect on the public of certain intestinal microbiota 
in mice, notably Lactobacilli, Bacteroidaceae, and Rikenella, which have both been 
linked to obesity-related illnesses [135]. Curcumin decreased weight gain in obese 
menopausal rats without affecting estrogen levels and improved gut microbiota 
diversity [158].

Because capsaicin is a key component of chili’s bioactive components, it’s one of 
the most popular hot flavors. According to studies [159], capsaicin reduced weight 
gain and inactivated the muscarinic receptor type 1 in rats on the High - fat diet. 
Capsaicin reduced microorganisms and increased Aeruginosa muciniphila in high-
fat-fed mice [160].

5.11 Obesity and short-chain fatty acids

The most prevalent compounds in gut flora are sterols, which have some impor-
tant pharmacological roles in keeping the host alive. By functioning as a link between 
the intestinal microbiota and the host, these chemicals influence barrier function, 
irritation regulation, bile salt conversion, immunological activity, and infection 
control. Despite their modest levels in the vascular, acetate and benzoate have direct 
impacts on organs by activating the hormonal and neurologic systems. For example, 
pectin is both a fossil fuel for epithelium and a histone deacetylase inhibitor that 
affects gene expression and cell destiny [161]. In adults, phytic acid suppresses 
fatty acid synthesis while simultaneously acting as a moderate pro in the gut [162]. 
Likewise, the microbiota’s citric acid serves a variety of physiologic purposes. It is 
a precursor for lipid production [163], and an appetite suppressant via a primary 
hypothalamus pathway [164].

Short-chain fatty acids, primarily butyric acid, provide around 70% of fuel to 
the epithelium [165]. Acetic, propionic, and butyric acids can thus operate as both 
anabolic nutrients and chemical messengers in a wide range of cell activities [34].

Indigestible carbohydrate fibfibersres provide an extra biochemical energy source 
for the gut flora. Sulfonamides, the major metabolic byproducts, can be used for 
Vivo lipid or glycogen production [12]. The change in Short-chain- chain fatty acids 
levels in obese could be attributed to intestinal bacteria in the gut microbiome. This 
complex microbial population has a higher metabolic ability and performs a variety of 
tasks in the human gut [87].

The gut bacteria aid in the breakdown of raw carbohydrates into readily digestible 
oligosaccharides, as well as villus epithelial triglyceride lipase activity and Short-chain 
fatty acids synthesis [166], both of which are important for the host’s nutrition and 
energy management. Intestinal bacteria may contribute to obesity by increasing 
nutrition and altering host lipid metabolic activity, as well as fueling homeostasis 
through its metabolites [167]. It’s not unexpected that changes in intestinal flora 
diversity, with Firmicutes being more numerous in obese than lean patients, cause 
problems with energy uptake and management [28]. In the Netherlands, obese 
and overweight people exhibited higher fecal matter Short-chain- chain fatty acids 
concentrations and more Genera than their slim equivalents, according to research. 
Obese people are expected to yield more colon SCFA, implying a higher microbial 
power harvest [168, 169], confirming the theory that changes in SCFA levels in 
obesity are caused by dysregulation in the colon microbiome. Even more clearly, the 
gut flora influences weight control via SCFAs, altering energy imbalance and DNA 
synthesis through miRNAs [79].
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6. Conclusion

Every person’s gut microbiota is unique to them. In the formative years 
(4–36 months), intestine maturity shapes fundamental native flora, which is 
influenced by that does, birth gestation age, type of delivery, milky nursing tech-
niques, weaning duration, lifestyle, and dietary and sociocultural practices. The gut 
microbiota, which plays a vital role in individual energy balance, is connected to 
obesity. Because some gut microorganisms associated with Lactobacillus, Genera, 
and Bifidobacteria are linked to weight increase, whereas Bifidobacterium, most 
Lactobacillus, and some Bifidobacteria have anti-obesity functions, the effects of 
intestinal microbiota on obesity development are species-dependent. Obesity is 
linked to a dysregulation of gut flora. Obesity has indeed been connected to a variety 
of bacteria in the intestine. They raise the recipient’s elastic modulus, and hypotha-
lamic desire, including fat deposition, promoting the start and progression of obesity. 
Because of the diversity and variety of gut microbes, the strategy whereby it induces 
obesity needs to be researched further. Adiposity is the outcome of the interaction of 
genetic and environmental factors. A range of dietary items, including fruits (grapes, 
apples, and berries), vegetables, spices, legumes, cereals, and tea, have been demon-
strated to modify the composition in some recent experimental and epidemiological 
investigations. Obese and overweight persons have greater amounts of Short-chain-
chain fatty acids and more Genera in their feces than slender ones. Future research 
will concentrate on research methodology using survey strategy to best investigate the 
function of the intestinal flora link, substitute research of conservation concerns to 
spot possible microbial delegates of gut bacteria related to diet, and specific microbi-
omes regulation for obese people.
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Chapter 5

The Interaction of Gut  
Microbiota-brain Axis in Relation 
to Human Health with the Use of 
Animal Models
Gaythri Thergarajan and Subha Bhassu

Abstract

The human gastrointestinal tract harbors an extremely complex and dynamic 
microbial community, including archaea, bacteria, viruses and eukaryota. This gut 
microbiota usually works with the host to promote health but can sometimes initiate 
or promote disease. Dysbiosis relationship in gut health indicating the role gut micro-
biota in promoting the development and progression of brain health. The human gut 
microbiota is a complex and dynamics microbial community that plays an important 
role in protecting the host against pathogenic microbes, modulating immunity and 
regulating metabolic processes. The insights can be elucidated with help of latest 
omics technology and animal model studies.

Keywords: gut microbiota-brain axis, human health, animal models

1. Introduction

The gut microbiome has been widely accepted to be one of the vital factors caus-
ing various disease in human. This area of research has become the niche for many 
scientists from various fields to explore. Most of the research works are focused on 
elucidating the influence of gut microbiota in the brain development [1]. Diet plays 
a crucial role in altering the gut microbiota and some studies focuses on understand-
ing how diet alters gut microbiota and its effect on the development or prevention of 
metabolic, cardiovascular and brain diseases [2]. Animal studies have always been 
an important tool in the biomedical research. The interactions of the gut microbiota-
brain axis have been studied using various animal models. However, most of the 
animal research has only able to reveal the fundamental theory such as the diversity of 
microbial community, the potential microbial pathways and the dysbiosis of the gut 
microbiota due to diet and drug [3]. The inability of translating many great findings 
into human system is withdrawal point of animal work [3]. Later, the advancement in 
the omics-technology has pave the way in the identification of metabolic pathways, 
microbial species, and metabolites that have strong association with the progression 
and cure of diseases. Here we have reviewed the interaction of the gut microbiota and 
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brain axis, the pathways, and how the gut wealth affect the human health. Researches 
on microbiome is translatable into treatments that is able to alter the gut microbiome 
which could transform the common diseases. This paper also reviewed how the 
animal research and the application of omics technologies has contribute towards 
inventions of therapies.

2. The bidirectional communication in microbiota-brain axis

Researches on gut microbiota-brain communication focused on its effects towards 
digestive functions. However, the current interest in microbiology and neuroscience 
has given way to understand the psychophysiological consequences of gut-brain or 
brain-gut as a two-way network [3, 4].

The gut microbiota-brain axis is the term referring to the two-way communication 
between the gut and the brain [5–8]. More importance is given to elucidate the func-
tion of microbes in the gut microbiota-brain axis link as the microbiota can be altered 
intentionally. The exact mechanism of communication between the gut microbiota 
and brain has yet to be elucidated, however, the multiple pathways have been identi-
fied. The gut microbiota possibly causing an effect on the brain function through the 
nervous system, endocrine system, immune system, and metabolic system [8].

The bidirectional communication is important in analysing the gut-brain signal-
ing pathways which regulate the host brain and behavior [8]. This bidirectional 
communication pathway is consisting of the central, enteric, and autonomic nervous 
systems and the hypothalamic-pituitary-adrenal (HPA) axis. These pathways use the 
metabolites and the by-products of gut microbes as a communication factor [9]. In 
recent time, active researches on gut microbiota-brain axis targets the main pathways 
of the vagus nerve system, the immune system, the neuroendocrine systems, the 
neurotransmitters and the metabolites [10]. The vagus nerve is responsible in making 
a physical connection of the gut-brain combo, whereby it allows the brain to sense 
the gut environment. The vagus nerve extends from the brain to the gut, carrying 
motor signals and controls the internal digestive, heart and respiratory rate. These 
motor signals are also transferred to the intestinal cells causing an effect on the gut 
microbiota [11, 12].

Next, the connection between the gut microbiota and the host immune system is 
another key research area as studies showing inflammation in neurological and meta-
bolic related disorders [13–16]. The development of low-grade systemic inflammation 
is associated with impairment in immune response and dysbiotic microbiota. The 
dysbiosis can regulate on both the innate and adaptive immunity and cause an effect 
on the gastrointestinal tract and throughout the body. This has been clearly proven in 
autism spectrum disorders (ASD), epilepsy, Alzheimer’s disease, Parkinson’s disease 
and cerebrovascular diseases [16].

Recent findings have showed that the gut microbiota triggers the HPA axis. This 
pathway controls the neuroendocrine system that modulate stress response, mood 
and emotions [17]. Evidences shown that microbiota controls the gut hormones 
and then later regulates the hormone responsible for stress, mood and emotions 
[17–19]. Gut hormones proven to involve in the physiological processes causing 
anxiety and depression [18]. A disruption in this bidirectional pathway has been 
linked with depression, irritable bowel syndrome (IBD) [19] and obesity [18]. 
These evidences clearly show that gut hormones are potentially regulating the  
well-being of the host.
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The gut microbiota on the other hand, has a major function in the metabolic 
pathway, which involves energy homeostasis and metabolite production. Animal 
studies have shown evidence on the ability to produce and metabolise a range of 
neurotransmitters [1]. A number of neurotransmitters which function as hormones 
including dopamine, serotonin, noradrenaline, gamma-aminobutyric acid (GABA) 
has been identified in the context of gut microbiota and brain axis network. These are 
also known as the hormone-like neurotransmitters which are not only produced in 
the gut but they do play role in the microbiota. Various factors such as diet, drug, or 
disease can potentially change the composition of gut microbiota and at instant alters 
the hormones [20]. In the context of diet, the composition and activity of the gut 
microbiota can be majorly affected due to the type of food consumed by the host [20].

3. Gut microbiota affecting human health

The alterations of the gut microbiota have the potential to affect the human health 
and causes various common health as well as major disorders. Firstly, studies have 
shown the link between the gut microbial community with the common metabolic 
diseases including obesity, type-2 diabetes, non-alcoholic liver disease, cardio-
metabolic disease, and malnutrition [21]. This study has attempted to reveal the 
connection between abnormal gut microbiota composition and it by products to the 
dysmetabolism in the diseases mentioned earlier.

The number of cases related to obesity has increased tremendously in the devel-
oped countries over the past years [22]. Individuals with obesity has been reported 
with low microbial gene richness with a relative increase in adiposity, resistance 
towards insulin, and inflammation [23]. The use of antibiotics before and during 
pregnancy or in childhood may cause a receding microbial richness of infant and 
children, increasing the chances of acquiring early-onset of obesity [24, 25]. It was not 
proven that the receding microbial community is the primary causal factor of obesity, 
however, it has been shown that low microbial gene richness could be improved with 
dietary interventions [26].

Type 2 diabetes (T2D) and prediabetes have potential link with altered gut 
microbiota. An epidemiological study comparing individual without colectomy and 
patients with total colectomy showed a higher risk of acquiring T2D [27]. This disease 
has been showing an increased prevalence, especially targeting the adult population 
and leading to endocrine disorders [28]. Studies have been targeting the products of 
gut microbiota which may involve in elevating the glucose level in blood. In another 
study, the gut microbiota of prediabetes individuals shown that there is a reduction in 
number of Akkermansia muciniphila and increase in the number of bacteria pro-
inflammatory potentials [29, 30]. A. muciniphila is a butyrate-producing bacterium, 
the reduction on its abundance in the gut may lead to aggravation of opportunistic 
pathogens [31, 32]. The challenge in revealing the significance of altered gut micro-
biome to T2D is that the patients are heavily medicated where that would be another 
main factor causing a dysbiosis to the gut microbiome. That is the reason for using 
prediabetes individuals as the drug-naïve targets [29].

The gut microbial dysbiosis can also be linked to cardio-metabolic diseases 
(CMD). Study [33] reported an increase level of Enterobacteriaceae and oral cav-
ity species in the gut microbiota of individuals with CMD compared to healthy 
controls. The microbiota of these individuals has reduced Bacteriodes spp. and 
anti-inflammatory species. In another report, a dysbiotic gut shows potential link to 
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ischaemic heart failure with an elevated level of genes responsible in the systhesis of 
Lipopolysaccharides [34]. This shows that a disruption in the gut microbiome leads 
to heightened fatty tissues in the host. A sequencing study done by [35] showed a link 
between microbiota and atherosclerosis, and later, trimethylamine N-oxide (TMAO), 
a metabolite from the gut microbiome found to be the causal link to CMD [36].

The microbiota-brain interaction clearly shown is effects on the progression 
of brain disorders. The development of Parkinson’s disease has been linked with 
formation of protein misfolds in alpha synuclein caused by Escherichia coli. E. coli 
was found to produce curli, a protein which causes misfold in other proteins and this 
error is transmitted to the brain via the vagus nerve [37]. The onset of the ASD has 
been suggested to cause by segmented filamentous bacteria in the gut. Occurrence of 
infection during pregnancy causes the bacteria to trigger the T-helper cells to pro-
duce immune molecules which later travels to the fetus’s brain and provoke autism 
like behaviors [20].

4. Animal models of gut microbiota research

Intense animal research is intended to gain insight into understanding the reason 
why there are obvious differences in the human gut microbiota acquired by the 
healthy and unhealthy individuals. Although the context of the gut microbiota and 
brain axis is new, it has been well acknowledged in recent time. It is known that gut 
microbiota regulates the gut metabolism, and various animal studies have revealed 
that gut microbiota majorly affects the host immune system as well [38]. A number of 
animal models have been very crucial in enhancing the understanding towards the gut 
microbiota-brain axis relationship. Yet there are some disadvantages of using the same 
method.

First of all, the mouse model which would be the common animal model as it 
can be a good control for age, gender, diet and treatment factors [3, 39–41]. A study 
uses the Lactobacillus rhamnosus to cause region-dependent alterations in the mouse 
brain, showed neurochemical and behavioral effects [39]. An alteration in the GABA 
(γ-aminobutyric acid), the main neurotransmitter of the central nervous system 
was witness, causing an implication on the pathogenesis of anxiety and depression. 
However, in the vagotomized mice, the effect was not found, indicating the vagus 
pathway to be the major pathway between the gut and the brain [39]. In this study 
the vagotomized mouse model being used well to identify the role of bidirectional 
pathways. Genetic mouse models are also available to target gene specific manipula-
tion. Many studies using mouse model have revealed the influences on the neuro-
physiology and behavior, cognition, anxiety and depression related issues. However, 
the translation of research finding using a mouse model on human is difficult. This 
is very similar to rat model as well. Studies which target the link between gut micro-
biota and stress uses hamster model [42, 43]. Hamsters on the other hand are difficult 
to evaluate as they always live in isolation, which allow them to develop metabolic 
disorders.

Other than mammals, there are also non-mammalian models such as zebrafish 
[44–47] and Caenorhabditis elegans [48, 49]. C. elegans has a specialized microbiome 
is abundance with bacterial taxa where the presence and the number of bacterial taxa 
found in each individual worm vary from each other. So, the real challenge of working 
with this organism is to determine the stability and the connection of its microbial 
community with the host [48]. Many studies revealed the interaction between the 
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microbiota the host can be achieved by using C. elegans as a model organism. In another 
research paper [50], the effects of host environments on bacterial gene expression 
was successfully studies using the tractable genetic model, C. elegans. In this study, 
the E. coli grown in vitro were fed to the host, revealed that the host genetics alters the 
metabolic pathways of the host. The availability of genetic manipulation is the best 
feature of C. elegans model as this could complement the analysis of individual bacte-
rial taxa. A forward and reverse (two-sided) genetic analysis allows the possibility to 
characterize the microbial processes and its interaction between the host [48].

Zebrafish on the other hand, has been a well establish model animal in the bio-
medical research, yet the use of this organism in the gut microbiota research has 
only happened recently. The sequencing method using the bacterial 16s RNA genes 
revealed the microbial community comprising the bacterial phylum Proteobacteria, 
Firmicutes and Fusobacteria at all the life cycle stages of zebrafish [44]. Recent 
studies, have manage to understand the link between the host, microbes and immune 
response. It has been suggested that gene editing technology may work by target-
ing a specific gene-deficient in zebrafish to enhance the understanding of immune 
responses [51]. This animal can be useful in elucidating the conserved molecular 
mechanisms as they possess similar gene expression and regulation even with differ-
ent when the organism is isolated from different environment and having varying 
physiology [51].

5. Omics in microbiota

The advancement in understanding the interaction between gut microbial com-
munity and its host is only possible with recent microbial genomics. The main omics 
techniques, including metagenomics, metataxonomics, metatranscriptomics, and 
metabolomics allows the exploration of this area of research. At the initial stages 
of research, bacterial gene analysis was allow relying on the 16S rRNA sequencing 
method. Scientists were targeting the conserved region of the nucleotide sequence 
and compared that with other reference sequences to identify the type of bacterial 
species in the gut [52, 53]. However, sequencing with 16S provides less information 
about the functional microbial community in the gut which did not allow the studies 
to make a correlation between microbes and its potential effects causing failures in 
experiments [53]. This method was mostly targeting the gut bacterial community but 
not the other type of microbes such as archea and viruses.

Animal Influence on brain and behavior Disadvantages

Mouse Influences the neurophysiology and behavior such 
as cognition, anxiety and depression

Translation difficulties on human

Rat Influences the neurophysiology and behavior such 
as cognition, anxiety and depression

Live in isolation and develop 
metabolic disorders

C. elegans Non-mammalian model for validation
Tractable genetic model, allow analysis on genetic 
manipulation

Translation difficulties on human is 
very high

Zebrafish Non-mammalian model for validation
Reveals the immune response of host
Good model for genetic analysis

Translation difficulties on human is 
very high

This table summarizes animal models used in gut microbiota-brain axis research.
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Later, the sequencing method was complemented by the metagenomics approach, 
where the whole genomic content was accessed using the microbial DNA. Reference 
genes were used to compare the similarities against the newly available genomic data 
to identify the functions of the genes coding for the new microbial community [54]. 
This approach could provide important information on all types of microorganism 
including archaea, fungi, and viruses at their strain level [55, 56]. However, this 
approach was not sufficient to understand the functional microbial community at the 
DNA level, it was needed to translate into functional proteins. Thus, metagenomics 
was accompanied by metatranscriptomic analysis by translating microbial DNA into 
RNA [57]. The RNA was later translated into proteins and analysis on microbial func-
tions was continued using metaproteomics. This approach was found to be more com-
prehensive as it could differentiate between metabolically active microbes in the gut 
[58]. Mass spectrometry is being used in metaproteomics to measure the expressed 
proteins which is the important for most biological processes. This information is vital 
when studying the in vivo host-associated microbiomes interactions [57].

In addition, to shed light on the identification of microbial activities in dense, 
microbial metabolites were targeted by using a tool known as metabolomics. 
Metabolomic uses techniques such as nuclear magnetic resonance (NMR) spec-
troscopy or mass spectroscopy (MS) to measure the metabolites present in the gut. 
Studies has shown that MS is more sensitive in identification of metabolites compared 
to NMR [59]. The metabolites act as the signaling markers in the communication 
between the host and its microbiome. As such, imbalance in the intestinal metabolites 
can be a factor towards development of disease in the host [60]. The various omics 
technologies explained earlier has been summarized in Figure 1.

In the presence of all these omics technologies, scientist believe that they could 
identify the correlation of microbiome with important human diseases. The gut 
microbiome influences health, due to the interactions with the immune system. 

Figure 1. 
The use of various omics technologies in revealing the gut microbiota and brain axis relationship.
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Understanding the microbial signals will allow new ways to tackle disease. But it is not 
as easy as it sounds, where more than 50% of the human gut microbiome is yet to be 
elucidated.

6. Future directions: therapeutic interventions

It is important to identify the key gaps and needs in gut microbiota-brain axis 
research to plan the future directions and therapeutic interventions. Scientists 
are only beginning to understand the network between gut microbiota-brain axis. 
Unraveling the modulation of gut microbiota on the brain health, increases the 
potential for improving the quality of human life and well-being. The gut microbiome 
responses to the external factors such as diet and drugs. Drugs are able to modulate 
the gut microbiome. An integrated understanding on the interaction between 
the drugs and gut microbiome using the meta-omics technologies can be a major 
approach towards drug treatment and usage of drugs on certain diseases. There 
should be rapidly growing studies towards the drug-microbiome interactions target-
ing available drugs in the markets [61].

Most studies in this field has only attempted using animal models. This method 
is time consuming, expensive and the findings are difficult to be translated on the 
human subjects. Culturing the human microbiome by ex vivo culturing together 
with the meta-omics approach allows development microbiome assays for rapid 
testing on drug microbiome interactions [57]. Future studies should be focused on 
understanding the immunological effects of human gut microbes and their role in 
brain disorders, mapping of neurotransmitters produced by gut microbiota and 
effect of microbes in early brain development by using human subjects [9]. These 
interventions are focused in providing nutritional and therapeutic strategies and 
likely to improve the human quality of life. In most cases when it comes to brain 
disorders, it is unlikely that these finding provide a permanent cure, however by hav-
ing the knowledge of these bidirectional communication between the gut microbiota 
and the brain axis, early predictions or strategies in altering the microbiome to slow 
down the process would be definitely possible [9].

Nutritional strategies can also be another great practice and are even already on 
the market, including foods and supplements which help to improve mood, sleep and 
stress. For instance, altering the diet plan for a child with ASD, could influence the 
gut microbiota in providing a comfort to gastrointestinal irritation and calm anxiety 
and hyperactivity. It could be even possible to use probiotics as a complement to drug 
and therapy for disorders such as schizophrenia. So far many successful trials have 
achieved by showing the efficacy of probiotics in both strain-specific and disease-
specific clinical cases [62]. Studies showed that probiotic supplements are able to 
benefit the host by producing high bacterial count and the antibiotic therapy could 
cause a reestablishment of the host microbiome [63, 64].

7. Conclusions

Many advance technologies and animal studies have revealed many interesting 
facts in elucidating the communication between the gut microbiota and brain axis. 
However, the fact that most of the studies failed to show the translation of their 
research finding into human subject is the major gap to be filled in area of research. 
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Thus, future direction of gut microbiota-brain axis research should focus on the 
mapping of human gut microbes and they byproducts and finding the immunologi-
cal effects on the brain disorders. There should be more intervention and preclinical 
studies focusing on human subjects. The direct link between the human gut micro-
biota and brain can be only achieved if the bidirectional pathways are revealed from 
researches focusing on human population.
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Abstract

Obesity and its complications are a global public health problem with increasing 
childhood prevalence. The developmental origins of health and disease (DOHaD) 
theory explain the maintenance of health or disease development throughout life, 
related to early life exposures. Although it arises from epidemiological observations, 
its support for epigenetics is strong. In this chapter, we address the importance of 
maternal diet in prenatal development, as well as the establishment of the infant 
microbiota and its postnatal regulating factors. According to the DOHaD theory, 
breastfeeding and other environmental factors are modulators or enhancers of the 
epigenetic mechanisms, which explain the increased incidence of noncommunicable 
diseases. We will discuss the molecular mechanisms related to the microbiota prod-
ucts, their effects on gene expression, and the pathophysiology of the disease. Finally, 
we will raise the areas of opportunity in childhood for preventive purposes, including 
the potential role of the use of prebiotics, probiotics, synbiotics, and postbiotics in 
early life.

Keywords: DOHaD, microbiota, epigenetics, diet, obesity, chronic noncommunicable 
diseases

1. Introduction

Obesity and chronic noncommunicable diseases, such as diabetes and cardio-
vascular disease, lead to the main causes of disability and premature mortality 
worldwide. In recent decades, the prevalence of obesity in the world has increased 
exponentially in children and adolescents, going from 0.7% to 5.6% in boys and 
from 0.9% to 7.8% in girls, between 1975 and 2016 [1]. Simultaneously, the incidence 
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of type 2 diabetes (T2D) in the youth increased from 9 to 12.5 cases per 100,000 
between 2003 and 2012 [2]. Additionally to the increase in obesity and diabetes, the 
development of unhealthy habits, such as inadequate diet and sedentary lifestyle 
in young people, have contributed to the development of cardiovascular diseases 
(CVD) at an early age [3]. Data from the National Health and Nutrition Examination 
Survey (NHANES) estimated a prevalence of ischemic heart disease of 0.5–0.6% in 
the United States for the period 2011–2014 in young adults between 20 and 39 years 
old. This trend is increasing, and it is expected that by 2030, 43.9% of the US adult 
population will have some type of cardiovascular disease [4].

The attempts to prevent or palliate the current wave of obesity and the following 
noncommunicable diseases should be funded at the beginning of human life. An 
interesting hypothesis is proposed: The Developmental Origins of Health and Disease 
(DOHaD) that is derived from the Barker hypothesis, which proposed that nutri-
tion during the intrauterine period and exposure to infections after birth determine 
susceptibility to disease and death from coronary artery disease. This hypothesis has 
evolved, and currently, critical periods have been identified in fetal life and early 
childhood, which will determine growth, metabolism, neurogenesis, and future 
disease risk, expanding the hypothesis to other disorders, such as obesity, diabetes, 
cardiovascular disease, allergies, and neurological alterations, throughout the life. 
The DOHaD concept is based on epigenetics and explains the possibility of variations 
in the programming of the fetus and the infant through the modification of environ-
mental factors, such as diet and infections, in these window periods [5].

Another main component involved in the early life stages is the gut microbiota, 
defined as the microbial ecosystem that colonizes the gastrointestinal tract, depend-
ing on perinatal and environmental factors, such as diet. Its balance is associated 
with health and its imbalance with the presence of various diseases, although the 
mechanisms involved have not been fully elucidated; and as with the DOHaD theory, 
window periods have been identified where its modulation is possible, especially in 
the perinatal period and up to preschool age [5, 6]. Thus, the aim of this chapter is to 
discuss the role of the perinatal maternal and infant diet and the gut microbiota to 
explain the development of chronic noncommunicable diseases from the DOHaD  
perspective, as key factors in the modulation of epigenetic programming mecha-
nisms, to identify the areas of opportunity for preventive purposes in early childhood.

2. Establishment of the first gut microbiota and its modulating factors

Gut microbiota establishment is determined by several perinatal factors, including 
gestational pathologies, type of birth, type of feeding, prenatal and perinatal use of 
antibiotics, complementary feeding, and environmental pollutants [7]. From gesta-
tion to the first 2 years of life, these events influence the establishment of the micro-
biota. Hence, it affects the metabolic and immune response and has a subsequent 
impact on human health [8].

In the last century, the paradigm dictated that the womb was a sterile environment 
and that the first microbiota colonized the newborn at the birth time [9]. Even though 
this is yet a discussion topic, there is evidence pointing toward prenatal exposure to 
microbes [10]. Despite these, reports of low bacterial abundance and diversity and, in 
most cases, the lack of culturable bacteria leads to a reasonable doubt about whether it 
is an established microbiota or only transient exposure to DNA or microbial products 
that is occurring in the womb [11].
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The first major event in microbial colonization for the newborn occurs at birth. 
Type of birth determines the first gut microbiota composition. Vaginally delivered 
infant’s fecal microbiota is enriched with Bifidobacterium, Bacteroides, Clostridium, and 
Lactobacillus genus. On the other hand, cesarean section is related to a higher abun-
dance of Firmicutes and a lower abundance of Actinobacteria and Bacteroidetes [12]. 
In the first case, inoculum came mainly from vaginal maternal microbiota, whilst in 
the second case proceeded from skin and environment, presenting a high abundance 
of Staphylococcus, Streptococcus, or Propionibacteria [13]. These abundance differences 
decreased approximately at 6 months of age [12]. Depending on the birth way, differ-
ent bacterial communities have a competitive advantage, thus first colonizers in infants 
born by cesarean section delay the establishment of other specific bacterial taxa [14].

First microbiota evolves to adapt to the biochemical environment and in a 
dependent way on the nutrient availability in the gut [14]. In this sense, whether the 
infant is breastfed or not, impacts the gut microbiota composition. Ho et al. [15], in a 
meta-analysis study, found higher bacterial diversity and abundance of Bacteroidetes 
and Firmicutes in non-exclusively breastfed infants compared to those exclusively 
breastfed at 6 months of age. At the genus level, Bacteroides, Eubacterium, Veillonella, 
and Megasphaera are more abundant in non-exclusively breastfed infants. Bäckhed  
et al. [13] also described differences at genus level between the microbiota of exclu-
sively breastfeed and bottle-feed infants at 4 months of age. The first ones had a 
microbiota predominated by several species of Lactobacillus, whilst the second ones 
had a high abundance of Clostridium difficile, Granulicatella adiacens, Citrobacter spp., 
Enterobacter cloacae, and Bilophila wadsworthia.

Breastfeeding meets all the infant macro and micronutrient requirements dur-
ing the first 6 months, besides human milk oligosaccharides have a probiotic effect 
promoting a healthy gut microbiota. Also, human milk provides bioactive compounds 
that favor immune development, such as immunoglobulins, leukocytes, and antimi-
crobial peptides. Moreover, human milk harbors its own microbiota, the genera with 
potential probiotic use as Lactobacillus, Bifidobacterium, and Streptococcus have been 
identified as its members [16].

Before 6 months of age, microbial metabolic pathways related to carbohydrate 
metabolism are higher in non-exclusively breastfed infants [15]. Once other foods 
aside from breast milk are introduced into the infant diet, functional shifts toward 
polysaccharides and protein metabolism occur in gut microbiota. However, these 
changes are not noticeable until breastfeeding cessation. Microbiota composition 
turns to an adult-like profile with a high abundance of Bacteroides, Bilophila, Roseburia, 
Clostridium, and Anaerostipes; but if exclusive breastfeeding continues, Lactobacillus 
and Bifidobacterium are higher in gut microbiota at 12 months of age [13].

The evidence on prenatal and perinatal factors influencing the composition of 
the gut microbiota highlights the importance of microbial colonization as a critical 
process in early human life. Healthy microbiota is indispensable for immune system 
shaping and development, and its metabolites promote the integrity of the intestinal 
mucosa.

3.  Maternal diet and its relationship with epigenetics and  
infant microbiota

Maternal diet is key for offspring development and future disease risk, and this 
is mediated by epigenetic modifications. In the gestational stage, maternal diet 
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influences offspring epigenetics directly, after birth this influence continues through 
breastfeeding. Breast milk composition contributes to epigenetics directly as well as 
through the gut microbiota, which also modulates infant health and development.

During pregnancy, maternal nutrition is a determinant for in utero development, 
birth weight, and future disease risk. This has been confirmed in studies on the Dutch 
famine (1944–1945), a period of severe shortage of food in the Netherlands, which 
have shown that maternal undernutrition during gestation had lasting consequences 
on the offspring’s health. Also, prenatal exposure to the Dutch famine had trans-
generational effects highlighting the influence of maternal nutrition over offspring 
epigenetics [17].

Epigenetic modifications are heritable biochemical markers in the genome that 
will not change its sequence but will determine gene expression, adapting to diverse 
environmental factors [18]. There are several epigenetic mechanisms, including 
DNA methylation, histone modification, and miRNA. DNA methylation is the most 
studied mechanism, and it relies on one-carbon metabolism. This pathway consists 
of two cycles, one dependent and one independent of folate. In the first cycle, folate 
acts as a methyl donor where homocysteine is re-methylated to form methionine. In 
the second cycle, betaine, and its precursor choline, act as methyl donors. Through 
this pathway, methionine is turned into S-Adenosylmethionine, the universal methyl 
donor, which will contribute to DNA methylation [19]. Therefore, DNA methylation 
depends on methyl donor supply, such as folate, choline, and betaine.

Dietary sources of methyl donors vary according to culture and geographic 
region. The best sources in Western diets are meat, dairy, and grains; while, in 
Mediterranean diets, fish, legumes, whole grains, and vegetables are the main sources 
[20]. According to Taylor et al. [21], in Australian preschool children’s diet, grains and 
dairy products were the main sources of folate and choline. Redruello Requejo et al. 
[19] found that the most common sources of one-carbon donors in Spanish pregnant 
women were animal-source foods, grains, and vegetables. Additionally, culture 
influences maternal diet in pregnancy and lactation, increasing or decreasing methyl 
donor intake.

In the gestational stage, offspring’s DNA methylation patterns are formed, and 
maternal intake of methyl donors contributes to proper development and growth. 
Pauwels et al. [22] found that maternal intake of folate, choline, and betaine in the 
periconceptional stage was associated with methylation of genes related to growth 
(IGF2), metabolism (RXRA), and appetite (LEP) in 6 months old infants. Insulin-like 
growth factor II (IGF2) contributes to cell growth and differentiation. According to 
Xiao et al. [23], newborns with fetal growth restriction had a decreased DNA meth-
ylation of IGF2. The gene LEP is responsible for leptin production, a hormone that 
signals appetite regulation and energy expenditure, and LEP methylation is associ-
ated with weight gain in the first 10 years of life [24].

There are strong interactions between maternal dietary intake and offspring 
DNA methylation and health. A high maternal betaine status during pregnancy is 
associated with lower offspring adiposity; in contrast, a low maternal folate status 
is associated with a future risk of childhood overweight and obesity [25, 26]. These 
findings highlight the impact of maternal nutrition during gestation on the offspring’s 
metabolic health.

After birth, the maternal diet continues, influencing DNA methylation through 
breastfeeding. Therefore, breastfed infants have higher DNA methylation in child-
hood, compared with formula-fed children [18]. In addition, Briollais et al. [27] 
found that exclusively breastfed infants had more DNA methylation variations, and 
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these were associated with slower BMI growth in the first 6 years of life. The study 
by Sherwood et al. [24] confirmed these findings, where breastfeeding was associ-
ated with methylation of LEP and BMI trajectories in childhood. Differently from 
infant formulas, some breast milk components influence offspring DNA methylation, 
appetite, and growth; and these components are partly determined by maternal diet.

Compounds such as lipids, oligosaccharides, B vitamins, and betaine, are influ-
enced by dietary intake [28]. Changes in breast milk content will have an impact 
on infant health, growth, and the development of gut microbiota. Fat and energy 
content in breast milk is associated with adipose tissue gain in breastfed infants [29]. 
Additionally, the intake of methyl donors through breast milk could have a direct 
effect on DNA methylation or could modulate epigenetic modifications via the infant 
gut microbiota. In two different populations, it was found that betaine concentration 
in breast milk was associated with infant growth in the first years of life, and betaine 
concentration was related with the abundance of Akkermansia municiphila in the 
infant’s gut, a specie associated with infant growth [30, 31]. Although the evidence 
is limited, it opens the possibility for the infant gut microbiota to be a modulator of 
epigenetic modifications.

The development of the gut microbiota occurs in early life, and breast milk has the 
optimal composition for promoting its proper establishment. For instance, a study 
that evaluated the fecal microbiota of exclusive breastfed and formula-fed infants 
found that formula-fed children had a rapid maturation of the gut microbiota, which 
is associated with future obesity risk [32]. In addition, different types of breastfeed-
ing have an impact on the gut microbiota, breastfed infants with skin-to-skin contact 
have a healthier microbiota than those fed from a bottle [33].

Many aspects of health are determined by the early gut microbiota, includ-
ing infant growth. Children with a rapid maturation of the gut microbiota and a 
high abundance of Bacteroides spp. have rapid growth in the first year of life [31]. 
According to Forbes et al. [32], children that were weaned before 6 months old had 
a rapid maturation of gut microbiota and a greater risk of being overweight at 1 year 
old. In contrast, the abundance of Bifidobacterium and Akkermansia at 1-month-old 
was associated with proper growth in the first year of life [31]. Growth velocity in 
infancy is a determinant for future metabolic health, and these effects of the gut 
microbiota on infant growth could be mediated by epigenetic modifications.

The gut microbiota produces a great number of metabolites that participate in epi-
genetic regulations. Butyrate and propionate produced by Akkermansia muciniphila and 
other species modulate cell transcriptional factors and genes related to lipid metabolism 
in a murine model [34]. In addition, the effect of Bifidobacterium on infant growth 
could be mediated by epigenetics, since this genus produces folate, a methyl donor for 
DNA methylation [35]. Changes in the concentration of the microbiota metabolites 
could influence post-translational changes in DNA and histones. Therefore, gut micro-
biota alterations could negatively affect the epigenetic regulation in enterocytes and 
other cell groups, which in turn will influence infant metabolic health [35].

Epigenetics play a big role in determining infant development and health, and 
from conception to the postnatal stage, the maternal diet is key for supplying nutri-
ents and components that are necessary for epigenetic regulation. During lactation, 
breast milk influences epigenetics directly or through the gut microbiota. There is a 
need for more evidence to elucidate the interactions between breast milk composi-
tion, infant gut microbiota, and epigenetic modifications; and to emphasize the 
importance of maternal diet to ensure proper offspring development, health, and 
minimize future disease risk.
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4. Microbiota products and their local and systemic effects

The main physiological effects observed in the host by gut microbiota could be 
explained by their metabolite production. There are different products identified 
and the most studied are short-chain fatty acids (SCFA), where acetate, butyrate, 
and propionate are the most common and with the most known effects [36]. Other 
metabolites include trimethylamine-N-oxide (TMAO), obtained from compounds 
containing choline [37, 38]; secondary bile acids [39]; free anthocyanidins and 
protocatechuic acid, derived from flavonoid anthocyanins [38], and indolepropionic 
acid, produced from tryptophan [40]. The ones with beneficial effects on host health 
are SCFA, anthocyanidins, and indole compounds, and we are going to focus on the 
first ones.

SCFAs are produced in the bowel lumen by fermentation of dietary fiber [41] by 
anaerobic bacteria such as Eubacterium, Roseburia, Faecalibacterium, Coprococcus, and 
Bifidobacterium [38, 39]. Acetate is predominant, representing 60–75% of the SCFA 
generated [36] and it is produced via acetyl-CoA and the Wood-Ljungdahl pathway 
[38]. Propionate can be synthesized by succinate, acrylate, and propanediol path-
ways, and butyrate by the phosphotransbutyrylase/butyrate kinase, accounting for 
25% and 15%, respectively [36, 38].

These molecules exercise their effects by direct or indirect pathways [37]. Direct 
mechanisms include local or systemic effects, where the microbiota-gut-brain axis is 
the most studied systemic example [42]; and indirect ways include the effects of these 
metabolites in other microbes that could modify their function [37].

4.1 Local effects

SCFAs are associated with the maintenance of gut epithelium integrity and 
protection of the intestinal barrier [36, 37]. Their principal mechanism is as an energy 
source for enterocytes, but also butyrate and indole derivatives have been associated 
with aryl hydrocarbon receptor (AhR) ligands, a nuclear receptor whose activation 
is reported to modulate cell proliferation, immune response, gene expression, and 
epithelial barrier function [43]. This association with a healthy intestinal epithelium 
had been explained by the “Warburg effect” or “butyrate paradox.” Briefly, fiber-rich 
diets, associated with an increase in SCFA-producing bacteria, induce normal colono-
cyte proliferation and apoptosis in neoplastic cells, when metabolism is promoted by 
glucose [37, 38].

Furthermore, butyrate is important for the maintenance of intestinal barrier 
integrity because increases the expression of tight junction proteins, such as claudin-1, 
claudin-7, zonula occludens-1 (ZO-1), and ZO-2 [36, 38, 44]. Also, SCFAs can modu-
late mucin glycoprotein in the mucus layer [45], induce epithelial cell production of 
RegIIIγ and β-defensins, antimicrobial peptides [46], and reduce luminal pH [36].  
All these functions help to avoid the proliferation of pathogenic bacteria and reduce 
the translocation of molecules to the systemic circulation.

4.2 Systemic effects

Besides local effects, microbiota metabolites can travel across the intestinal epithe-
lium to systemic circulation or the central nervous system. This can impact different 
cells via extracellular receptors previously known as G protein-coupled receptors 
(GPRs) 43, 41, 81, 109A, and 91 [37]. For instance, propionate has a high affinity to 
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GPR41, now called free fatty acid receptor 3 (Ffar3), which modulates cyclic adenos-
ine monophosphate (cAMP); and to GPR43, now Ffar2, which increases the activity 
of calcium/protein kinase C (PKC) [36]. Butyrate also has activity on GPR 41 and is 
the only ligand of GPR109A, now hydrocarboxylic acid receptor 2 (HCA2), which 
also increases cAMP. Depending on the stimulated cells, effects can be seen in the 
endocrine, immune, and neurologic systems. For example, activation of the HCA2 
receptor in dendritic cells and macrophages is associated with stimulation of T cells 
into the Treg phenotype [47, 48].

SCFAs also act as inhibitors of histone deacetylases (HDACs). When N-acetyl 
lysine on DNA histones loses its acetyl group, a more tightly wrapped double 
chain is formed. HDACs are enzymes that remove this acetyl group, altering DNA 
transcription by limiting access to transcriptional factors [37]. SCFAs can modify 
the transcription of a broad range of genes by inhibiting HDACs. Besides, butyrate 
can act as a ligand of nuclear receptor peroxisome proliferator-activated receptor γ 
(PPARγ) to modulate the transcription of genes associated with lipolysis and adipo-
genesis [38, 49]. These different pathways help understand the systemic effects that 
SCFA can have in several organs, depending on which receptor is activated and the 
dominant SCFA.

4.3 Role of SCFA in inflammation and immune response

The most beneficial effects of SCFAs are associated with an anti-inflammatory 
profile. They help to regulate cytokine expression, promoting the production of 
IL-10, and subsequently, differentiation of Treg cells by the Ffar2 mechanism [36, 37]. 
Besides, due to their capacity for inhibiting HDACs, SCFAs can impede the activation 
of nuclear factor-kappa β (NF-κB) [38], a protein complex mainly associated with 
inflammation. When its RelA/p65 subunit is acetylated, NF-κB can increase gene 
expression of pro-inflammatory cytokines, such as IL17, IL-1b, IL-6, and IL-12 [50], 
and enhance transcription of growth factors, adhesion molecules, and immune recep-
tors [36]. Altogether, when the production of pro-inflammatory cytokines is reduced 
and Treg cells are predominant, the immune response is more regulated, and the risk 
of inflammatory pathologies is decreased.

SCFAs can suppress the NLRP3 inflammasome and promote an adequate immuno-
logic response by directing T cell differentiation in appropriate phenotypes [36]. For 
example, reducing systemic inflammation in allergic reactions by modification of T 
helper type 2 cell numbers [37]. Besides, SCFAs are associated with decreased IL-8 in 
macrophages and neutrophils, TNF-α in mononuclear cells, and nitric oxide synthase 
in monocytes [51]. Similarly, butyrate can reduce prostaglandin synthesis by inhibit-
ing COX-2 transcription [50]. All these effects help support the anti-inflammatory 
profile associated with a fiber-rich diet.

Moreover, SCFAs can influence humoral response. In plasmatic cells, acetate can 
increase retinoic acid conversion from vitamin A, facilitating response to CD4+ T cell 
and IgA production [47, 52]. Besides, butyrate and propionate favor antigen affinity 
inhibiting somatic hypermutation and enhancing class-switch DNA recombination in 
B cells [53]. SCFAs also influence the proliferation and migration of immune cells, not 
only as energy sources but through MPAK signal transduction and cascades associated 
with Ffar2 and Ffar3 receptors [51]. HDACs inhibition activity modulates lymphocyte 
function, increasing Th1, Th17, and innate lymphoid cells2 (ILC2) and ILC3 [47]. 
In summary, SCFAs not only allow a more balanced immune response but a more 
efficient and effective one.
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SCFAs have proved to impact immune system development in early life. Exposure 
to SCFAs during the weaning period is associated with a tolerogenic phenotype and 
lower risk of inflammatory pathologies later in life, improving CD25+ Treg cells, 
humoral response, and gut epithelium integrity; confirming microbiota’s role in 
immune system development [54].

4.4 Microbiota-gut-brain axis

Microbiota and their metabolites participate in the bidirectional communica-
tion between gut and brain, called the microbiota-gut-brain axis [42]. When SCFAs 
translocate from intestinal epithelium, they can travel by system circulation, 
immune system, or enteric-cerebral nervous pathway to provoke changes in distal 
organs [37, 49].

In the nervous system, butyrate is associated with an increase in cholinergic neu-
rons in the gastrointestinal tract to facilitate motility, propionate with sympathetic 
activation to greater energy expenditure, and acetate with satiety by hypothalamic 
stimulation [55]. Similarly, along the gastrointestinal tract, there are enteroendo-
crine cells (EECs) that sense luminal content and release hormones in the systemic 
circulation. SCFAs can increase the release of glucagon-like peptide 1 (GLP-1) and 
peptide YY (PYY), affecting appetite signals and influencing weight control [49]. 
Therefore, SCFAs can modify autonomic functions and behavior, separately from 
CNS influence [56].

Another mechanism by which SCFAs alter neurological functions is by direct 
communication through the vagus nerve and enteric nervous system. SCFAs can 
alter the expression of GABA receptors [49], production of endothelial nitric oxide, 
anti-inflammatory and pro-inflammatory components in cerebral microcirculation 
[55], and increase neurogenesis [56]. Likewise, microbiota’s metabolites are associ-
ated especially with microglia maturation and function, involving Toll-like receptors 
(TLRs) [49] and blood–brain barrier integrity [55]. These effects on CNS immune 
cells explain why SCFAs are associated with less risk of neuroinflammatory disorders.

There are still many mechanisms to be elucidated that could explain all the 
beneficial effects that microbiota’s metabolites in eubiosis could have on host health. 
However, so far, our diet and early life events are one of the most important inter-
ventions to secure a healthy immune and neurologic system, through microbiota 
modulation.

5. Dysbiosis and early noncommunicable diseases

Throughout life, the structure of the intestinal microbiota can be affected by dif-
ferent factors, such as diet, drugs, the host’s immune system, and even the intestinal 
mucosa itself. Changes in the microbiota can be transient or long-lasting. However, 
most of the time, alterations in multiple factors are required to generate changes 
in the microbiota that become harmful to health. This is because the microbiota 
has resilience, also known as the ability to adapt, to some extent, to changes in the 
availability of nutrients or environmental conditions [57]. However, when nega-
tive conditions are maintained over time, for example, when breastfeeding is not 
provided or when there is an inadequate dietary pattern or lifestyle in the early 
years of life, a persistent imbalance of bacterial communities is generated, known as 
dysbiosis [58].
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In addition, some elements have been identified that can amplify or drive changes 
in the microbiota, making the imbalance more evident and leading directly to dysbio-
sis. Among them are an increase in the richness of bacteriophages with lytic action in 
the intestinal environment [59] and the secretion of bacteriocins as a bacterial com-
petition strategy in the intestinal ecosystem. Both situations are enhanced when there 
is some type of stress [60]. For example, oxidative stress also leads to dysbiosis by 
promoting the increase of specific bacterial communities and causing the activation 
of the immune system, as well as the development of subclinical inflammation [57]. 
This, together with the local and systemic effects of imbalanced SCFAs, described 
in Section 4 of this chapter, links dysbiosis with the pathophysiological processes of 
some noncommunicable metabolic diseases, such as obesity, T2D, and CVD [58], as is 
shown in Figure 1.

5.1 Obesity

Different studies have confirmed that there is an imbalance in the intestinal 
microbiota of obese children when compared to healthy children with normal 
weight. In general, an increase in the Firmicutes/Bacteroidetes (F/B) ratio has been 
described in some populations [61]; while in others, no differences have been found 
at the phylum level [62]. In the systematic review by Indiani et al. [63], the results of 
seven high-quality studies were analyzed and a significant association of Firmicutes 
with body mass index (BMI) was identified. At the genus and species levels, there 
is greater consensus regarding the increase in abundance of some Bacteroides spe-
cies, such as B. fragilis [64, 65] and B. eggerthii [62]. Other studies have also detected 
microorganisms such as Methanobrevibacter smithii, Akkermansia muciniphyla, 
Desulfovibrionaceae, Bifidobacteriaceae, and Enterobacteriaceae associated with obesity 
in specific populations, but more studies are needed to increase the evidence of these 
associations in children [63]. Furthermore, it is generally considered that members of 
the Bacteroidetes family are the best predictors of the BMI z-score than the phylum 
analysis [66].

The specific mechanisms by which these associations could explain the early 
development of obesity from the DOHaD perspective are diverse. In the Canadian 
Healthy Infant Longitudinal Development (CHILD) birth cohort [67], 935 mother-
infant dyads were followed from pregnancy through the first 3 years. Their results 
explain the intergenerational transmission of overweight and obesity, where having 
an obese mother and being born by cesarean section increases the risk 5 times for 
obesity at 1 and 3 years. In this model, the abundance of some specific families of 
Firmicutes, such as Lachnospiraceae, were sequentially associated with the develop-
ment of obesity. This association increased in children with obese mothers and was 
even higher in those born by cesarean section.

Bacteria belonging to the phylum Firmicutes are mostly SCFA producers, such as 
butyrate and acetate. This supports the findings of Riva et al. [66], who found a higher 
production of SCFA in children with obesity, suggesting a higher fermentative activity. 
Consequently, when this occurs, energy harvest is increased, which favors a positive 
energy balance, and contributes to overweight and obesity. Despite this, it depends 
on the type of SCFA. For example, acetate that is absorbed in the intestine can serve 
as a substrate for de novo lipogenesis in the liver, which contributes to the accumula-
tion of adipose tissue [68] and compromises the integrity of the intestinal barrier, 
increasing paracellular permeability and inducing inflammation due to bacterial 
translocation [6]. In contrast, others SCFA, such as butyrate and propionate, which 
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are dominant products in eubiosis, have a protective effect against obesity. Among 
the proposed mechanisms, its role in reducing cholesterol synthesis, improving 
insulin sensitivity, inducing fatty acid oxidation, and leptin gene expression stand 
out [69].

In obese Canadian children [70], prebiotic supplementation for 16 weeks 
was associated with a normalized rate of weight gain, decreased percent body 
fat, and changes in gut microbiota structure, characterized by the increase of 
Bifidobacterium spp. This highlights the role of the microbiota in obesity and 
the impact that a high-fiber diet could have on its prevention and treatment in 
childhood.

Figure 1. 
Perinatal determinants of the first microbiota and effects of protective or harmful interventions for child health 
through life. BMI: Body mass index, SCFA: Short-chain fatty acids, TMAO: Trimethylamine-n-oxide, T2D: Type 
2 diabetes, ACVD: Atheroesclerotic cardiovascular disease.



127

Could Alterations in the Infant Gut Microbiota Explain the Development of Noncommunicable…
DOI: http://dx.doi.org/10.5772/intechopen.105168

5.2 Type 2 diabetes

There is increasing evidence of the role of the microbiota in the development 
of type 2 diabetes (T2D) in youth. In a murine study [71], it was found that during 
pregnancy, maternal gut microbiota provides protection against obesity and diabetes, 
through mechanisms related to the SCFA receptors GRP41 and GRP43, which are part 
of the FFAR family of receptors. This axis participates in the prenatal development of 
the metabolic and neural systems, driving the development of enteroendocrine cells 
and pancreatic beta cells. In this way, the deficiency in the signaling of this pathway 
caused sympathetic dysfunction, compromising energy metabolism, and inducing 
hyperglycemia.

As in children with obesity, adult patients with T2D have heterogeneous results 
regarding the F/B ratio [72, 73]. In a study conducted in China [74], it was found that 
when separating patients with T2D according to the presence or absence of chronic 
complications, the group without chronic complications presented a higher F/B 
ratio than those with complications, at the expense of increased Proteobacteria in 
the latter. Furthermore, some opportunistic pathogens have been identified as part 
of the microbiota of T2D patients, such as Bacteroides caccae, Clostridium hathewayi, 
Clostridium ramosum, Clostridium symbiosum, Eggerthella tarda, and Escherichia coli 
[75]. Thus, in general, in patients with T2D, there is a depletion of butyrate-producing 
bacteria such as Prevotella and Bifidobacterium. Also, decreased levels of Akkermansia 
muciniphila have been related to mucosal damage and induction of inflammation by 
activation of the immune system in the lamina propria [74, 75].

Seeking to integrate the previous observations, different mechanisms have been 
proposed that link the microbiota with the regulation of glycemia. Among them is the 
production of SCFA due to its effects already described and the increase in the secre-
tion of incretins such as GLP-1 and its role in the differentiation of enteroendocrine 
cells. In addition, there is evidence regarding their participation in the metabolism 
of bile acids (BA) and the consequent induction of local and peripheral signals, and 
the regulation of adipose tissue by promoting white adipose tissue browning and by 
acting as a trigger for metabolic inflammation [76].

5.3 Cardiovascular disease

The microbiota and its metabolites also modulate the risk and progression of ath-
erosclerosis. Changes in the microbiota diversity and structure have been described 
in people with atherosclerotic cardiovascular disease (ACVD). As cardiovascular 
disease is a complication of obesity as well as diabetes, the identified mechanisms 
coincide with those we have described for these diseases. For example, in a study with 
218 patients with ACVD [77], an increased abundance of Enterobacteriaceae and 
Streptococcus spp. was found, with a decrease in butyrate-producing bacteria such as 
Prevotella copri and Alistepes Shahii, when compared with the fecal microbiota from 
187 healthy controls. Thus, among the associated mechanisms stand out the induction 
of inflammation, the alteration of lipid metabolism and glucose homeostasis, as well 
as bacterial translocation. These findings are secondary to alterations in the F/B ratio 
and in the profile of metabolites such as SCFAs, TMAOs, and BA [78]. In the patho-
physiology of ACVD, TMAOs, in particular, have been linked to increased foam cell 
activation, prothrombotic platelet response, and reverse cholesterol transport, raising 
the risk of myocardial infarction, stroke, and death [78].
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Given that both cardiovascular disease and T2D have a pre-pathogenic period that 
can last for decades, and because overweight development usually begins in child-
hood, the perinatal period and early childhood represent a window of   opportunity for 
their prevention and risk modulation.

6. Areas of opportunity in fetal and lactating periods

There are different ways to gauge the window of opportunity during pregnancy 
and lactation periods. Firstly, the mother’s diet and physical activity during the pre-
conceptional and pregnancy periods can induce favorable epigenetic modifications in 
early life. Second, the delivery way influences the intestinal microbiota composition 
of the newborn, where the advantage is vaginal delivery, followed by breastfeed-
ing. At this point is quite important the physical contact between mother and child. 
Exclusive breastfeeding in the first 6 months, depending on the mother’s diet, can 
stimulate the best epigenetic activity to keep a normal growth rate, avoiding a rapid 
development by direct action or through the intestinal microbiota functionality. After 
6 months, a proper food introduction is essential for promoting present and future 
child’s health, and for inducing a favorable intestinal microbiota balance.

As previously described, DNA methylation is crucial for processes epigenetically 
regulated. In the early embryogenic stage, most parental gametic methylation signs 
are erased before the acquisition of marks at implantation and beyond. Just after 
conception, the external environment influences early embryonic events, which are 
crucial for the DOHaD concept [79]. Therefore, the mother’s diet, energy balance, 
composition as well as her nutritional status, and physical condition are determinant 
during the periconceptional period [80]. Depending on the nutrient balance and 
richness of the women’s diet in methyl donor compounds, epigenetics modulation will 
promote normal growth to prevent accelerated fetal growth.

Dietary recommendations during pregnancy are related to amounts of energy, 
macro-, and micronutrients, such as vitamins and minerals. Dietary reference intake 
is 340 extra calories during the 2nd pregnancy trimester and 452 for the third one 
[81]. Pregnant women require a diverse diet, including fruits, vegetables, legumes, 
nuts, seeds, grains, and tubers, as well as animal-origin products such as dairy, 
meat, poultry, fish, and eggs. In contrast, pregnant women should avoid some raw 
seafood, alcohol, and caffeine.

Often health-related practices of a particular cultural group, based on its beliefs, 
negatively or positively affect the science-based dietary recommendations. For 
instance, Western diet patterns can fulfill the extra calories for pregnancy, mainly 
with animal-based products and supplements of vitamins and minerals. Although 
animal-origin foods contain enough choline, during pregnancy the folate requirement 
is 600 ug/d and the fiber recommendation is high (28–30 g/d), so supplements are 
needed [81]. Plant origin fiber is the best recommendation because fruits and veg-
etables contain in addition to fiber, some very important compounds with antioxidant 
activity, as well the methyl donor compounds such as betaine and folates, present in 
leafy green vegetables, broccoli, beans, and peas.

In addition to a diverse and balanced diet, during pregnancy physical activity is 
necessary for improving glucose tolerance and insulin activity, preventing excessive 
weight gain. The mother’s emotional well-being is important for the fetus, and fitness 
promotes an easier delivery.
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The delivery mode defines the structure of the neonatal microbiota with an 
advantage of vaginal delivery over C-section delivery, and it is a key factor for the 
right development of the immune system [82]. The vaginal microbiota is the source 
of bacterial colonization for the neonate, with implications for the neonate and the 
mother’s health. Before delivery, the vaginal microbiota is mainly dominated by 
Lactobacillus, and just after delivery, it becomes diverse and similar to the neonatal 
oral microbiota [83].

In some cases, vaginal delivery is not possible, and C-section is done; additionally, 
because of strong causes, such as illness and drug treatments, feeding is through milk 
formulas. Apparently, the window of opportunity is lost, but there are other tech-
niques to ensure healthy microbiota, for example, the use of probiotics, prebiotics, 
synbiotics, and postbiotics (PPSP) either by the mother or by the newborn. Prebiotics 
are nondigestible components of food that selectively promote the growth of benefi-
cial bacteria in the intestine; while probiotics are live microorganisms that, adminis-
tered in adequate amounts, confer a health benefit. On the other hand, synbiotics are 
a combination of prebiotics and probiotics, while postbiotics are an emerging option, 
which are soluble products or metabolites (such as SCFA) of commensal bacteria or 
bacterial components that provide benefits to the host [84]. The use of a combination 
of strains principally Bifidobacterium with or without prebiotics led to an increasing 
population of bifidobacteria in the newborn microbiota, close to the one of vaginal 
delivery. Although the effect is larger in breastfeeding children, due to the prebiotic 
effect of breast milk, even in mixed or formula feeding, there is an additional effect if 
the intervention begins just after birth [82].

There are still hospitals that pull apart the newborn from the mother if there was a 
C-section delivery, premature birth, or another reason associated with the mother or 
newborn’s health. Independently of the delivery mode, skin-to-skin contact between 
mother and child just after the first hour of life improves the possibility of exclusive 
breastfeeding in the lactation period. This technique helps to reduce neonatal mor-
bidity due to multiple benefits; for instance, stabilizes cardiopulmonary function, 
and reduces the risk of hypoglycemia, hypothermia, and infections. After delivery, 
the effect on the mother is a reduction in anxiety and postpartum bleeding [85]. 
Everywhere, the neonatal intensive care units should promote family participative 
care, assisting skin-to-skin contact between the mother and newborn as soon as pos-
sible, for the establishment of breastfeeding [86].

Regarding general dietary recommendations during breastfeeding, there are 
higher requirements for carbohydrates and energy intake of up to 500 extra calories, 
from the beginning to 6 months of lactation. In addition, choline, dietary fiber, and 
water intake should be higher during the breastfeeding period than during pregnancy 
[81]. Besides a balanced diet with animal and vegetable sources, mothers should avoid 
some raw seafood, alcohol, smoking, and caffeine. It is very important to have the 
best diet for the mother and child’s well-being. Installation of breastfeeding is man-
datory to induce a good balance of the child’s intestinal microbiota, for appropriate 
immune system development and general child health.

Once and again, microbiota appears in this chapter. It is because the community of 
different microorganisms in the intestinal tract produces metabolites and cell detritus 
involved in human metabolic functions. Furthermore, the microbiota influences the 
immune and central nervous systems; as such, the inhibition of the feeding activity 
promotes neurons, which ultimately decreases appetite [87]. Therefore, microbiota in 
dysbiosis could be implicated in metabolic disorders, such as obesity.
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A strategy to help the infant to maintain the balance and achieve the stability of 
its microbiota is to make a correct introduction of solid foods in its diet or comple-
mentary feeding. It starts when breast milk or formula composition is not sufficient 
to accomplish the nutritional requirements of infants, usually from six to 23 months. 
Breastfeeding can continue at the same time as complementary feeding; the focus is to 
provide nutrients enough to meet the nutritional requirements of infants. A comple-
mentary feeding that is carried out in a staggered manner allows the microbiota to 
adapt and enrich itself in diversity; thus, it becomes more stable. The problem is that 
if neglected, complementary feeding has the potential to contribute to childhood 
overweight and obesity [88].

PPSPs have shown beneficial potential for treating overweight and obesity in 
children. The proposed mechanism is the modulation of the structure of the micro-
biota, the profile of microbial metabolites, and the improvement of the intestinal 
barrier mechanism [84, 89]. In patients with T2D, the use of PPSP decreases fasting 
blood glucose, total cholesterol, triglycerides, and insulinemia, as demonstrated in 
the meta-analysis by Bock et al. [90]. However, more studies are still needed to define 
its role in the prevention and/or treatment of chronic noncommunicable diseases, 
especially during pregnancy and early childhood.

The task to accomplish a good approach to raising a healthy child across the life 
course looks so difficult, but any effort pays off with profit. A well-planned preg-
nancy followed by a balanced and diverse diet, a vaginal delivery with immediate 
breastfeeding, skin-to-skin contact between mother and newborn, and basic care 
for the first months is crucial for the metabolic programming of the baby. However, 
also a carefully complementary feeding from 6 to 24 months, as well as an adequate 
lifestyle, will help maintain eubiosis, the proper maturation, and functioning of the 
immune system, and reduce the risk of developing early chronic diseases.

7. Conclusion

There is evidence that demonstrates the relationship between alterations in the 
intestinal microbiota and the risk of developing chronic noncommunicable diseases 
throughout life, such as obesity, T2D, and stroke. The involved mechanisms derive 
from the local and systemic effect of microbiota products, such as SCFAs, indoles, 
anthocyanins, TMAOs, and BA, as modulators of the inflammatory response and lipid 
metabolism, among others. Perinatal and early childhood factors modulate the first 
microbiota and early metabolic programming by epigenetic mechanisms. Thus, the 
intestinal microbiota is an additional component to the epigenetic mechanisms that 
strengthen the DOHaD theory and that should be considered in the establishment of 
preventive measures in the first 1000 days of life.
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Probiotics in Processed Dairy 
Products and Their Role in Gut 
Microbiota Health
Kishwer Fatima Sherwani and Dil Ara Abbas Bukhari

Abstract

Probiotics are the beneficial microorganisms, catalase negative which restore 
microbial balance inside the gut of humans as well as animals. Lactobacillus the earli-
est probiotic that have the beneficial impact on health. These “Good Microorganisms” 
can be obtained not only from various non-dairy products but also from processed 
dairy products like. Another economically viable method is microencapsulation for 
preserving probiotics and the stability is improved by glucose. Even the vitamins 
manufacturer the probiotic bacterial agents. The health benefits of probiotics include 
increased immunological responses, relief of lactose intolerance symptoms, therapy 
for diarrhea, reduction in serum of cholesterol, production of vitamin, anticarcino-
genic. Probiotics play a wide range in the host body (e.g., decreasing illnesses and 
stress, enhancing immunity, modulation of gut microbiota, nutritional assistance, 
improving quality of water, etc.). So, the positive effects of probiotics help to boost 
animal feed value and growth and improve aquaculture breeding and hatching rates. 
Probiotics can lower the prevalence and severity of illnesses, showing their promise 
to cure or prevent COVID-19. Lactobacillus casei also interact with epithelial cells with 
Toll-like receptors (TLRs) to improve the production of cytokines that are important 
in the enhancement of cell productivity and prevent apoptosis during restoration, 
which promote survival and proliferation. The preservation of the human GI or 
lung microbiota might help prevent COVID-19, as dysbiosis plays an essential role in 
people’s vulnerability to infectious illnesses. Most of the experimental studies proved 
that bacteria isolated from processed dairy products belonged to lactic acid bacteria 
and are declared as probiotic bacteria. In present review, various research studies 
regarding significance of probiotics as well as their extraction from processed dairy 
products are discussed.

Keywords: probiotics, processed dairy products, gastrointestinal diseases, commercial 
forms, Lactobacillus, health benefits

1. Introduction

“Probiotic” is a Greek term which meaning “for life” [1]. Over the years, there have 
been numerous meanings of the term “probiotic.” Probiotic means living microbiota 
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cultures that enhance the qualities of the indigenous microbiota when supplied to 
people or animals. These bacteria are extensively spread in nature and are suitable 
for usage in food industries. Some foods are considered a good source of probiot-
ics, including milk products, e.g., yogurt. Milk and milk products are often linked 
with microorganisms that replenish the digestive tract with helpful maintenance 
[2]. Different generations of lactic acid bacteria like Enterococcus species, Lactococcus 
species, different strains of Lactococcus and Streptococcus are also present in processed 
products of milk.

Lactic acid bacteria are a type of gram-positive bacteria that cannot produces 
spores and catalase negative, so they characterized in the absence of cytochrome sys-
tem. Different sources of food like yogurt, milk, cheese that are dairy in nature are the 
good source of probiotics [2]. Most processed milk products contain the Lactobacillus, 
and other strains of it.

Increased taste of food and better shelf life are among the most evident ben-
efits of LAB fermentation. The fact that LABs can produce the bacteriocins and 
provide health benefits, including controlling intestinal infections, improving 
lactose uses, reducing the ammonia level of the blood, and providing effective 
resistance to gastric acid and bile, makes it generally considered safe for bacteria 
to be used. Impacts the immunological system and decreases serum cholesterol 
levels. Probiotics are live, health-effecting micro-organisms when eaten. Different 
LAB strains, particularly Lactobacilli and Bifidobacterium which reside in the adult 
bacteria in the gut of humans with good therapeutic functions have been used 
increasingly as probiotics.

1.1 History

In 1908, Metchnikoff gave the first probiotic definition, which suggested that 
use of fermented dairy produce extended the life of the product. In 1956 Lilly and 
Stillwell decided that some growth stimulators for another microbe were secreted by 
a microbe. The usage of the word probiotic may lead to this beneficial impact on such 
micro-organisms.

Parker [1] coined the word probiotic to define the chemicals and organisms that 
produce microbial balance in the gastrointestinal system. This meaning has given rise 
to significance meaning, including antibiotics, of the word substances. Fuller refined 
the description of Parker and described probiotics as a living micro-organism, which 
has a beneficial effect on warm-blooded animal health through the restoration of 
native gut microbiota. The definition by Fuller highlighted the survivability and ben-
eficial effects of the probiotic on animals. In the instance of probiotics host, Haveenar 
and Veld described them as ‘viable micro–organics’ in 1992, which are administered 
to humans or animals as mono- or mixed cultures which have a favorable effect on 
the health of host, by enhancing the intestinal characteristics of the micro-flora. A 
probiotic is a live bacterium injected in milk products based on the Salminen criteria 
and enhance host health and diet.

Schaafsma extends the concept and according to its definition probiotics are live 
bacteria which, if swallowed and absorbed in a more than intrinsic basic nutritional 
way, have health benefits on the host. Salminen noted that the probiotic in milk 
products is a microbial culture. Accordingly, the food matrix is a big indicator for 
the microbe and food being regarded as probiotics. However, because non-dairy 
food includes viable probiotic products, it was not justifiable to take milk products 
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only as a probiotic matrix. In 2001, Probiotics were seen by Schrezenmeir and by De 
Vrese as live micro-organisms which have independent health effects of the place of 
activity.

In 2001, probiotics are known as “live micro-organisms by the WHO 
(WORLD HEALTH ORGANNIZATION) and FAO (FOOD AND AGRICULTURE 
ORGANIXATION OF THE UNITED STATES) that provide the host with a health 
advantage by being given adequately.” Finally, in 2014, the ISAPP changed the latter 
definition of probiotics to somewhat and described it as ‘live micro-organisms, which 
provide a health benefit on a host when administering in appropriate quantities.’ This 
concept has been extensively adopted by the scientific community since then and is a 
criterion in most government agencies to evaluate medicines, food, and supplements 
as probiotics. The viability of a microbe and of the related product as ‘probiotic’ is one 
of the essential criteria in this definition.

1.2 Lactobacilli

Lactobacillus is regarded as the earliest probiotic reported. This genus is made up 
of LAB group gram-positive bacteria. These bacteria in rod shape include over 183 
recognized species and are frequently used in diverse commercial food processes [3]. 
L. acidophilus is a bacterium that has a positive impact on the host. Recent investiga-
tions have investigated the finding of normal vaginal flora of certain species produc-
ing hydrogen peroxide. The beneficial products have thus been examined in urine and 
vaginal tract infections among women, so it helps in the treatment of it. It was also 
used to treat Candida infections in the mouth (Figure 1).

Reticence of harmful organisms like Salmonella, Shigella and different Helicobacter 
comprise valuable effects mediated by Lactobacilli. Lactobacilli was also related with 

Figure 1. 
Types of probiotic strain.
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several additional health advantages, e.g., improved immunological response and 
lessening of lactose intolerance. A good function was also revealed in colon cancer 
for Lactobacilli. Lactobacilli strengthen the immune system and cure cancer, pan-
creas, fever blisters, hives. In infants who are born preterm, necrotizing enters colitis 
(NEC). Cheese is a milk product that may be delivered in the intestine of people by 
probiotic bacteria. Italian, Argentinean, and Bulgarian cheese have isolated the strains 
of L. plantarum.

1.3 Source of probiotics

Cheese is a milk product that may be delivered in the intestine of people by 
probiotic bacteria. Italian, Argentinean, and Bulgarian cheese have isolated the strains 
of L. plantarum [4].

1.3.1 Lactic acid bacteria in ice cream

It is referred as a frozen dairy product that is produced by freezing a sterilized 
mixture to incorporate air to maintain homogeneity. Milk products, sugar, dextrose, 
water, eggs or egg products, and different non-harmful aromas are used to form a 
mix that is utilized to make ice cream. Its nutritional content and their energy value 
are generally determined by their food value [5]. Irrespective of the mix, ice creams 
usually constitute great sources of dietary energy and are an appropriate substratum 
for probiotic proliferation.

Ice cream is considered as favorable for the probiotics as it helps in survivability 
and metabolic activity of probiotics and its different strains shows more benefit for 
transferring probiotic organisms to the body [6]. Ice creams are more advantageous 
than other fermented dairy products. But freezing and thawing have detrimental 
consequences on probiotics, including disruption of metabolic activity and cell death. 
There have been reports of studies designed to reduce these negative consequences.

Lactobacillus delbrueckii sub specie was investigated by Leandro [7]. Bulgaricus 
UFV H2b20 is kept at −16°C for 40 days in three formulations of ice cream (it con-
tains less fat, free of fat and high-fat). Although in the three formulations (P > 0.05), 
LABs may be integrated into ice-cream formation and different processing param-
eters for different consumer groups may be handled (Table 1).

1.3.2 Agitated milk products

It is an old method that is used for the preservation of food by the development 
and activity of microorganisms. Moreover, the additional benefit of fermentation 
is the formation of metabolites such as bacteriocins, helps in improved nutritional 
status and for the sensory properties of foodstuffs, and helps in reduced toxic and 
anti-nutritional components [13]. Due to these positive impacts, these food stuffs are 
important to human diets since ancient times.

In 2001 regarded probiotics are known to be “living microorganisms by the WHO 
and FAO that offer health benefits to the host if properly supplied”. In 2014, the defi-
nition of probiotics changed by the department of International Scientific Association 
for Probiotics and Prebiotics (ISAPP) as a “lived micro-organism that, when supplied 
adequately, conveys a health advantage to the host.” In 2014, Yerlikaya described that, 
Lactobacillus and varieties of Bifidobacterium are the most frequent probiotics in 
fermented food items. In 2012, Mishra find out that dairy-based matrix is appropriate 
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to proliferate probiotics by providing a high carbon and necessary amino acid source 
owing to the hydrolyzing of lactose and the usage of casein in the proteolytic system.

Traditional white cheese is widely referred to as Lighvan cheese in Tabriz market-
places. It was originally prepared of raw ewe’s milk, raw goats’ milk, and raw cow’s 
milk and/or mixed with them from time to time. This sort of cheese is popular and 
often consumed across Iran and has significant economic and nutritional benefits 
because of its attractive organoleptic qualities. In the manufacturing and maturation 
of cheese, lactic acid bacteria (LAB) are involved. Many genera are involved in LAB, 
such as Lactobacillus, Streptococcus, Enterococcus and Leucon Stoc.

1.4 Mechanism of action of probiotic

In 2012, Bermudez studied that the principal mechanisms of probiotics action 
include to enhance the epithelial barriers, increases in the adherence to gut mucosa 
and microbial adhesion, generation of antimicrobial compounds and regulation of 
immune systems. This process is shown in Figure 2: that illustrates how these pro-
cesses appear in the intestinal mucosa, as a schematic illustration. Lactic acid from 
various carbohydrates (e.g., carbon sources are produced in the micro-organisms of 
the LAB Group [15]. Pereira [16] conducted a study in which various antibacterial 
processes of probiotic activity are connected to these components.

1.5 Development of probiotics

As we know that during human development microbiota changes in the gut of 
human. The newborns’ gut is completely sterile yet colonization of several types of 

Type of 
ice cream

Name of the 
probiotics added

Method of probiotic 
supplementation

Viability and 
storage conditions 
(CFU/g)

References

Standard 
ice cream

Lactobacillus casei The probiotic strain was 
added after homogenization 
and heating of ice cream 
mix

Count from 
3.9 × 109to 3.8 × 108 
log CFU/ml 80 days 
of storage at −20°C

[9]

Standard 
ice cream

L. plantarum The probiotic strain 
(encapsulated within a 
calcium—alginate/chitosan 
microcapsules containing 
insulin) was added after 
homogenization

2.3 × 107 after 
storage of 90 days at 
–20°C

[10]

Yog ice 
cream

Lactobacillus 
acidophilus La5

Encapsulated probiotic 
strain (alginate-based) was 
added into the ice cream 
mix

After 60 days 
of storage at 
–18°C, the viable 
probiotic count 
was approximately 
1 × 107

[11]

Standard 
ice cream

L .acidophilus 
ATCC 4356

Ice cream mix was 
fermented with L. 
acidophilus prior to freezing

After 90 days of 
storage at –18°C 
the viable probiotic 
count was 1× 106

[12]

Table 1. 
Use of different strains of probiotics in ice cream [8].
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bacteria starts shortly after delivery. The first- and second days following delivery 
have been demonstrated to be present in newborn feces, including coliforms, entero-
cocci, clostridia, and lactobacilli. Bifidobacterial start colonization in three to 4 days 
and prevail about the fifth day. Coliform numbers drop at the same time. In feces, 
1 log count of bifidobacterial is more prevalent in infants than those fed by bottle. 
Bottle-fed babies show greater levels of strains of Enterobacteriaceae, and other 
putrefactive bacteria, indicating that babies that are given breast are resistant to gas-
trointestinal diseases than infants fed by bottles. To ensure a person’s diet and health, 
the gastrointestinal system also modify in addition to the changes in the microbiome 
that happen throughout human aging. Using antibiotics, for example, might disrupt 
the balance of gut microbiota, reduce bifidobacterial and lactobacilli count and 
increase clostridium. This imbalance may result in diarrhea in senior citizens and in 
those who are immunocompromised.

1.6 Beneficial host response

Some probiotic methods elicit many positive reactions from the host. Most of the 
effects of these products include: (1) exclusion and competition for pathogen-cell 
adhesion to epithelia, (2) inborn immune stimulation, (3) compete for nutrients and 
prebiotically products, (4) manufacture of antimicrobial substances and consequent 
pathogenic antagonism; DC: dendritic cells; LI: interleukin; M: intestinal cells M. IEC: 
intestinal cells M (Figure 3) [17].

1.7 The probiotics of next generation

The idea of traditional probiotic products, taken from a limited number of micro-
organisms, is connected to the observation of the health benefits to both humans and 

Figure 2. 
Probiotics as an alternative antimicrobial therapy: current reality and future directions [14].
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animals from the daily consumption of LAB-fermented food. The word ‘probiotic’ 
was therefore associated with bacteria that promote health [18]. The development 
of knowledge of human microbiota of intestine and its importance for disease and 
health has led to the discovery of several new bacteria that plays a significant role in 
the health of human through therapeutic modulation of the intestinal microbiota and 
are called NGP. The study is very much in the interest of investigating the probiotic 
potential of commensal bacteria. NGPs are defined as “living micro-organisms 
identified by comparative analyses which provides benefits to health of the host when 
properly administered”.

1.8 Probiotics in fermented milk

The largest existence of probiotic products in the dairy sector is fermented 
milk. Several studies have successfully applied probiotic strains to milk fermenta-
tion and have induced desirable textural properties, that is apart from inducing 
health-promoting effects. Highly nutritional value makes its widespread avail-
ability and the most widely utilized probiotic milk products. Many commercially 
manufactured probiotics fermented dairy products are commonly used throughout 
the world (Table 2). Gao in 2019 described that the probiotic products of Kefir 
and Koumiss are the natural fermented milks mostly used in many parts of the 
world. Many studies have indicated that probiotic strains are incorporated in 
traditionally fermented milks that aids to improve their positive health impacts. 
For example, in a natural milk product (lait curd) of Senegal, Parker et al. [19] 

Figure 3. 
Probiotics latest advances [17].
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integrated L. rhamnosus GG. B. lactic Bi-07 and L. acidophilus NCFM, Wang et al. 
[20] have been integrated into natural milk that aids to improve health of intestine 
and the immunity of host cell. Many probiotic bacteria in conjunction with tradi-
tional probiotic bacteria that are reported to be use in fermented milk to improve 
the flavor and other characteristics [21, 22], that was linked with functional food. 
In yogurt, Streptococcus Thermophilus and Lactobacillus delbrücckii sub specie 
bulgaricus, Lactobacillus plantarum P-8 fermentation have the capacity to improve 
the yogurt flavor profile by producing 3-methylbutan, acetone, onanal, 2-hepta-
none, hexanale, (E)-2-octenal and 2-nonanone, compared to controls [23]. In the 
same way, a high acetic acid, acetoin, 2-butanone, caproic acid, butyric acid, and 
2-pentanone content were found in fermented milk containing L. casei DN-114001 
compared to control group [24].

1.9 Probiotics in yogurt

Yogurt is a functional ingredient that contain probiotics, so there is great  interest 
in producing probiotic yogurts that are either fermented or incorporated into yogurts 
with different strains of probiotic. Several commercially produced probiotic yogurts 
are widely utilized worldwide. A standard yogurt is a fermented milk product tradi-
tionally made of L. delbrueckii subsp. bulgaricus and S. thermophilus by fermenting 
the milk. As yogurt starter cultures can survive in human GI tract [25]. These may be 
considered probiotic because they have health-promoting effects [26]. However, all 
the strains of the yogurt starter culture worldwide are not identical and, therefore, 
the probiotic potential of yogurt starter culture in general remains controversial.

The physiochemical, sensory, and microbial characteristics of the yogurts pro-
duced by many probiotic strains comparable to the traditionally produced yogurts are 
much better in many cases. Of course, certain probiotics, such as L. plantarum and 
L. acidophilus, can reduce the bisphenol A (estrogenic substance) content of yogurts 
considerably [27]. The yogurt metabolism leads to large amounts of unmetabolized 
lactose and residual galactose in yogurts, which have been shown to be more metabo-
lized (full use of lactose and efficient galactose degradation) by probiotic L. planta-
rum WCFS11 [28].

1.10 Probiotic butter and cream

There have been several products in which probiotic products have been 
 incorporated due to its widespread benefits, and butter is also used. This is not limited 
to fermented milk, yogurt, and cheese. Butter, mainly made up of fats, has many 

Dairy products

Pediococcus acidilactici 
SMVDUDB2

Kalarei, a 
fermented 
cheese 
product

80% survival rate at pH 2.0 and 3.0 and 0.3% bile 
salt concentration, high hydrophobicity affinity 
(33%) with ethyl acetate, auto aggregation 
(77.6%), antibacterial activity against Bacillus 
subtilis, Mycobacterium smegmatis, Staphylococcus 
aureus, Proteus vulgaris, and Escherichia coli, and 
EPS production (2 g/l)

[11]

Table 2. 
Probiotics in the dairy industry.
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health advantages. Emergent evidence, however, suggests that many cardiovascular 
diseases and diabetes have a high content of saturated fatty acids in butter [29]. Some 
probiotic bacteria have been reported to reduce the cholesterol content of cream and 
butter [30] (L. casei subsp. For example, in cultivated cream creams high contents 
of capric, butyric and caproic acid were produced when a blend of probiotic strains, 
including Bifidobacterium bifidum, L. acidophilus, S. thermophilus, and L. bulgaricus, 
was used in the fermentation of creams enriched by 2% (each) sunflower oil, hazel-
nut oil and soy oil [31]. The increase of the contents of linoleic and α-linolenic acid in 
probiotic cream in relation to control cream was observed in another study following 
Bifidobacterium lactis fermentation [32]. In nondairy butters, for instance the peanut 
and sunflower-produced butters, cocoa and flaxseed oils, probiotics are more com-
monly used.

1.11 Probiotics in powdered milk and infant formulas milk powder

Probiotics aid in development of an effective immune system by changing the 
microflora of the intestine in infants. Probiotics and prebiotics are increasingly 
added to infant formulae. Probiotic dispensation of bifidobacterial and the strains of 
lactobacilli in neonatology has developed in worldwide. B. bifidum and L. acidophi-
lus, dispersed into infant formula (109 CFU/250 mg tablet), have been reported to 
continue to be more resistant by comparing with breast milk, after storage capacity at 
4°C or 6 h [33].

1.12 Technological challenges for dairy products viability

The survival of probiotics is highly crucial as it provide the highly recom-
mended efficiency of probiotics products. During food manufacturing, storage, 
and gastrointestinal movement, probiotics face multiple stress situations [34]. 
A minimum of 106 CFU/g of B. bifidum and 107 CFU/g of L. acidophilus in 
fermented milk are required for several international standards. The probiotic 
fermented milk should contain at least 107 CFU/ml of live bifidobacteria at the 
time of consumption in Japan (according to its Association of fermented milk and 
lactic acid drinking) [35]. The incidence of oxygen in processed dairy products has 
an impact on most of the probiotic strains and their survival. The oxygen-induced 
toxicity in milk products poses a major technological obstacle to the development 
of probiotic fermented milk and yogurt. Bifidobacterium species have an anaerobic 
metabolism of an intestinal origin, which implies that they depend completely on 
fermentation.

1.12.1 Role of oxygen in viability of yogurt probiotics

The potential reduction of yogurt bifidobacteria after storage in different regions 
of the world has been documented as oxygen toxicity [36, 37]. Expenditure of 
probiotics to dissolved oxygen leads to a build-up intracellular of harmful oxygenic 
metabolites, like superoxide anion [38]. A high level of oxygen is unavoidably 
included in the product by several processing processes involved in the processing 
of milk products (e.g., agitation and mixing procedures). In addition, some packing 
materials during the storage period enable the transmission of ambient oxygen into 
the food, such as high impact polystyrene packaging—a commonly used packaging 
material for yogurt worldwide because of its vision, strength, and hygiene levels [39].  
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The use of oxygen-impermeable containers, process of two-stage fermentation, 
acid and bile salt resistant strains, probiotics microencapsulation and prebiotics 
are  significant preconditions for enhancing stability and viability of yogurt-based 
probiotics [40].

1.12.2 Studies demonstrating the viability of probiotics by oxygen

In several investigations, oxygen scavengers or antioxidants have been found to 
be beneficial agents for increased probiotic viability. Ascorbic acid (Vitamin C), 
for example, has been observed to improve L. acidophilus’ survivability in yogurt 
[41]. Glucose based oxygen scavenger was evaluated for its impact on probiotic 
development and survival in dairy products [42]. In yogurt prior to fermentation, 
glucose oxidase (62.25 ppm) was increased to 69.02–86.03% and the number of 
Bifidobacterium longum by up to 40.32% compared to the control level [43].

1.12.3 Role of glucose for improving probiotic stability

Some probiotic bacteria have a significant pH susceptibility below 3. It is stated 
that glucose has been included into the growing medium for improving probiotic 
stability. Corcoran and others observed glucose improving L. rhamnosus GG’s survival 
at a pH lower than 3. The addition of GL (1 to 19.4 mM) improved L. rhamnosus 
GG survival in artificial gastric juice from 6.4 to 8 log10 CFU/ml [44]. Therapeutic 
adaptation of the acid stress was also described as ways to improve Bifidobacterium 
species stress tolerance and biological characteristics [45].

1.12.4 Probiotic microencapsulation from different manufacturing processes

Another economically viable method is microencapsulation for preserving the 
probiotics against various treatment procedures and for ensuring their distribu-
tion to the human body in a necessary amount. Different studies have indicated 
improved probiotic survival when embedded. In the case of oligosaccharides, 
gelatin, inulin and xanthan gum, alginate materials (i.e., sodium alginate and 
human-like collagen, gelatin-based microspheres, alginate-like gum, gum-Arabic 
derived from cellulose, maltodextrin, vegetable protein, pectin hydrogel beads, car-
rageenan, and other proteins) are also supplied with the use of probiotics intended 
for use in milk products [46].

1.13 Vitamins and probiotics

Vitamins are generally classed to include vitamins (A, D, E and K), fat-soluble 
or to be water-soluble that including vitamins C, biotin (vitamin H or B7), vitamins 
B—thiamin (B1) and B—thiamin (B2) and riboflavin (B3) (B12). While fat-soluble 
vitamins are key cell membrane components, water-soluble vitamins are used as 
coenzymes, usually conveying chemical groups. People are unable to synthesize most 
vitamins and must thus be extracted exogenously. Using vitamins can be an alterna-
tive to reinforcement using chemically synthetized pseudo-vitamins that is more 
natural and consumer friendly.

Probiotic bacteria empower a beneficial effect on the host immune system and on the 
gut microbiota composition and function. In addition, vitamin synthesis has brought 
various health benefits to the host. Probiotic bacteria, mostly of the Lactobacillus and 
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Bifidobacterium genus, provide several health advantages. The vitamin K, and most 
aquatic-soluble B vitamins, including as biotin, cobalamins, folates, nicotinic acid, pyri-
doxine, riboflavin, and thiamine, can manufacture probiotic bacterial agents, members 
of the gut microbiota, in humans. Probiotic bacteria have been widely investigated to 
produce B-vitamins, notably folate and riboflavin (B2). Several LAB species manufac-
ture these vitamins, frequently in high quantities, and are therefore often present in 
fermented foods (e.g., Lactococcus lactis, Lactobocillus gasseri, and Lactobacillus reuteri) 
and Bifidobacterium (e.g., Bifidobacterium adolescentis). In addition, higher production 
of vitamins has been achieved through metabolism. Folate biosynthetic genes and 
biosynthesis operon of riboflavin have been over-expressed in L. lactis, leading to kinds 
of folate or riboflavin that produce at greater rates. The modified biosynthetic routes of 
folate and riboflavin in L. lactis are used to produce both vitamins simultaneously by 
directed mutagenesis and selection and metabolic engineering.

1.14 Commercial forms of probiotics

It is possible to absorb probiotic organisms in two primary ways: through fer-
mented meals and through supplements. Fermented foods may come from both dairy 
and vegetable sources, with yogurt and sauerkraut being the most well-known of 
each. Freeze-dried (lyophilized) bacteria in powder, pill, or tablet form make up pro-
biotic supplements. For clinical effectiveness, products containing probiotic organ-
isms must contain enough live organisms to exhibit therapeutic benefits, regardless of 
the way they are ingested. Both fermented foods and supplements can accomplish this 
feat in the same way and have pros and cons (Table 3).

The probiotic strain that has been demonstrated to have the necessary therapeutic 
effect is essential to achieving successful and repeatable clinical outcomes. L. rham-
nosus GG, for example, has been proven to prevent viral gastroenteritis and maintain 

Delivery system Pros Cons

Fermented dairy • Affordability and easy availability

• Ease of incorporation into daily patterns

• Additional nutritional benefits

• Enhanced bacterial survival

• Contains dairy proteins and lactose

• Taste can be issue

• Not suitable when traveling

• Not suitable for vegans

Capsules • Ease of administration

• Contain no binders

• Not therapeutic in upper GI tract

• Many contain allergenic excipients

• Higher cost

Tablets • Ease of administration

• Effective in the upper GI tract

• Many contain allergenic or otherwise 
problematic binders and excipients 
(e.g., gluten)

• Higher cost

Powders • Effective in upper GI tract

• Dosage can be easily adjusted

• Can be incorporated into foods or drinks

• Contain no binders

Table 3. 
Pros and cons of commercial forms of probiotics [47].
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ulcerative colitis in remission, according to research. We cannot assume that other 
strains of L. rhamnosus would behave in a similar fashion. In the same way, a doctor 
who uses the identical strain used in clinical trials should expect similar outcomes. An 
effect may be obtained by using a nearly similar strain.

For meals and supplements containing probiotics, the dose depends only on the 
quantity of live organisms present in the product, not on its composition. In clinical 
studies, between 107 and 1011 live bacteria per day were used. When administered in 
a dairy medium, it appears that 100 times less viable bacteria are required to reach the 
same number of live bacteria in the lower colon. In the upper GI tract, dairy appears 
to be a good transport medium for the bacteria, boosting their survival.

2. Nutritional requirements, health benefits and probiotics

The health advantages of probiotic dietary items have increased human appeal. Such 
meal is not only packed in nutrients, but also lowers the risk of many disorders [48]. 
“Live microbial probiotics, delivered at a sufficient quantity (106 to107 CFU/g), impart 
health advantages on the host,” according to FAO. The medicinal advantages of these 
products thereby encourage probiotic use [49]. The management of gastrointestinal and 
urinary tract infections was related with probiotics. Other advantages include enhanc-
ing serum cholesterol lactose tolerance levels, increasing host immunity, and preventing 
antibiotic diarrhea and allergy disorders related with colon cancer [50]. The growing 
demand for novel probiotic products nevertheless prompted the development of probi-
otics, these products include ice cream and baby milk powder that supply probiotics.

2.1 Health benefits

The health benefits of probiotics include increased immunological responses, 
relief of lactose intolerance symptoms, therapy for diarrhea, reduction in serum of 
cholesterol, production of vitamin, anticarcinogenic. The most important segments 
of world commerce have been probiotic goods in recent years which can increases 
annually, the growth rate ranges in 6.8% between the year 2013 and 2018, and then 
reached to 37.9 billion US$ in 2018. In the meantime, probiotic dairy products are one 
of the most advanced and a key part of the functional food business [17].

2.2 Probiotic potential of cheese

Cheese is useful because of the high pH, greater amount of fat and from its thick 
consistency. Cheese is a useful food for probiotics to the gastric intestinal system. 
The probiotic potential is studied and used as assistant cultures in various kinds of 
food products or therapeutic preparations a diverse number of food grade lactic acid 
bacteria (LAB) isolated from PDO cheese from Italian form of Castelmagno product 
of cheese, Italian and Argentinean cheese products [51]. Lactobacilli are isolated from 
milk products, in particular from cheese, and have shown a long history of safe use 
because these micro-organisms are widely used to develop new fermented products, 
milk or meat, alcoholic beverages and sourdough.

Piewngam [52], studied that the formulations of probiotics are believed to 
enhance human health, such as immunostimulant effects or interbacterial competi-
tion between helpful bacteria and harmful ones. The use of probiotics was seen as a 
potential method for the prevention and management of many infectious illnesses.
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Piewngam et al [53] found a reverse linkage between human colonization with 
species of Bacillus and S. aureus. The researchers also detected a key mechanism 
through the suppression of quorum sensing through which species of Bacillus can kill 
S. aureus. Chung [54] described that the fengycins are the types of bacilli produced 
lipopeptides that are identified through the process of chromatography and mass 
spectrometry.

2.2.1 Efficacy of S. aureus

Another work carried out by Moraes et al. [55] has demonstrated the efficacy of 
S. aureus biofilms produced on titanium discs in Lactobacillus brevis and B. bifidum. 
The results indicated a decrease in growth of S. aureus on titanium disc when both 
probiotics were applied but in L. brevis strains the highest inhibitory effect was seen.

2.3 Examination of Helicobacter pylori (H. pylori) as an infection

Goderska et al. [56] examined Helicobacter pylori (H. pylori) as an infection which 
has been seen as difficult to treat, particularly as it has gained an increased resistance 
to antibiotically widely used. Probiotics in conjunction with antibiotic regimens 
are increasingly being used to eliminate H. pylori. In addition to the advantages of 
probiotic bacteria to the intestine’s probiotics have shown effective for the treatment 
of various bowel disorders including diarrhea; several positive effects on the stomach, 
including anti-Helicobacter pylori have also been documented [57].

The advantages of probiotic treatment are reduced microbial charge and host tol-
erance in instances with H. pylori. Several research have revealed the positive benefits 
of various H. pylori probiotics by reinforcing the mucosal barrier, while increasing 
adhesion and immunomodulation competition.

A study carried out by Lahtinen et al. [58] demonstrated that the growth of 
Staphylococcus aureus, often seen in systemic and peri-implant infections, has been 
prevented from 3 out of 38 strains of Bifidobacterium. The antibacterial activity of 
various probiotic Lactobacilli strains was studied by Lazarenko et al. [59]. In a model 
of intravaginal infection in mouse, B. bifidum (B. bifidum) was found to be largely 
effective against S. aureus with a substantial reduction in the amount of S. aureus cells 
caused by vaginal spraying. In comparison with other probiotic strains of various 
genera, B. Bifidum exhibited superior anti-staphylococcal efficacy.

2.4  Test model of C. albicans-infecting mouse to determine the effects of L. casei  
in vaginal candidiasis

In the test model of C. albicans-infecting mouse, Liao et al. [60] analyzed the 
effects of L. casei administration in vaginal candidiasis. The animals were inoculated 
with L. casei vaginally throughout 7 days for prophylactic testing. Three mice were 
killed, and the amount in CFU/ml was measured. The animals had C. albicans infected 
the vaginal cavity 2 days after the infection. The animals were treated with C. albicans 
in therapeutic tests and after 2 days, L. casesi was infected for 5 days. The CFU/ml 
number was then measured in vaginal samples. The findings suggest that prophylactic 
L. casei treatment might enhance vaginal mucosal immunity, increasing IL-17 produc-
tion during infection. IL-23 levels had also weaker anti-inflammatory effects than 
those in the control group. In the therapy group, after 5 days of treatment, L. casei 
decreased the fungal vaginal load.
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2.5 Probiotics and its advantageous effects on skin

Mottin and Suyenaga [61] described that poor skin problems might impact the 
quality of life of the patient due to discomfort. Human skin is made up of several 
fungus and symbiotic bacteria Chronic skin diseases that require lengthy treatment 
durations and maintenance are acne and atopic dermatitis (AD). In these situations, 
studies have found satisfactory outcomes without side effects using probiotics. In 
vitro trials indicate the potential to directly suppress acnes development by produc-
ing antibacterial proteins (bacteria) and immunomodulatory effects of probiotics, 
such as Streptococcus salivarius and Enterococcus faecalis. It has been demonstrated 
that probiotics have direct (inhibited P. acnes) and indirect (reduce the inflammatory 
response) advantages [62, 63].

2.6 Influence of probiotics on mental health and disease

Dinan and Cryan [64] think that the intricate bidirectional connection that happens 
between the brain and gut microbiota (GM) might be a novel approach to determine 
mental disease treatments. Several studies have found that the GM plays a substantial 
influence in an individual’s mood and behavior, and that it might be very useful in 
mental health therapy. Stress-induced physiological consequences in the stomach, such 
as nausea and spells of diarrhea, have a significant impact on the GM balance [65].

Psychobiotics are a novel type of probiotic that is intended to help people with 
psychiatric illnesses by enhancing their cognitive abilities [66] Many different gut 
microbial species generate a variety of mood-regulating neuromolecules, which has 
an impact on host physiology. GABA is produced by Bifidobacterium and Lactobacillus 
species, whereas serotonin is produced by Enterococcus, Escherichia, Streptococcus, and 
Candida species, and dopamine is produced by Bacillus species [67].

2.7 LAB with in vitro, in situ cholesterol-lowering characteristics

Cholesterol reduction is one of the most favorable properties for probiotic bacteria 
with lactic acid. In this work, a capability evaluation was carried out of 58 possibly 
probiotic bacteria containing cholesterol and bile acids for in vitro digestion and cho-
lesterol reductions. The best-performing strains reduced cholesterol levels in broth by 
42–55% and were tested in the production of cheese.

In all cheeses, the cholesterol content declined during maturation. The most 
significant decreases (up to 23%) were obtained by adding LB. paracasei, paracasei 
VC2161 and Epilithonimonas lactis BT 161 during cheese-making, all strains were pres-
ent in the cheese at levels greater than 107 cfu/g up to 60 days after ripening. There 
was no detrimental influence on the sensory properties of cheese in the adjacent 
cultures. These strains with demonstrated in vitro characteristics are, therefore, ideal 
candidates for new probiotic formulations, and can also be utilized to make foods like 
dairy fermented products effective.

2.8 Probiotic strains

Probiotic microbe selection is based on safety, function, and technology, as 
described in the following reports. Some probiotic microorganisms are already on 
the market and have been thoroughly investigated. They must first be able to be 
produced under industrial circumstances before probiotic strains may be provided to 
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customers. Then, throughout the storage of the crops frozen or freeze-dried as well as 
food items into which they are formulated, they must survive and keep their func-
tioning. Furthermore, they need to be incorporated into plates without producing 
flavors or texture. For functional dietary requirements, the following aspects in rela-
tion with the probiotic should be considered: Preparing for large-scale manufacturing 
should be feasible, remain stable and viable for storage and use.

2.8.1 Lactobacillus rhamnosus GG

Studies have demonstrated the promotion of immunoregulatory activities by 
raising regulatory cytokines of interleukin (IL)-10 [68] and the induction of beta 
(TGF-β) transforming T-cells [69]. In fact, atopic children have proven that the gut 
microbiota differs from atopic ones. LGG showed a beneficial impact on atopic illness 
prevention while randomized clinical studies (RCTs) reveal no outcomes [70, 71].

LGG in babies with rotavirus-related diarrhea led to higher increased production of 
non-specific antibodies and anti-rotavirus antibodies. The neonatal evidence of necro-
tizing enterocolitis, improving food tolerance and prevention of pathogens colonizing 
intestine because of competition exclusion, preventing adhesion, and improving muco-
sal immunoglobulin A (IgA), has shown LGG to be effective in reducing incidences of 
necrotizing enterocolitis. A new retrospective 6-year cohort study on LGG in extremely 
small birth weight babies showed the microbiological safety of the strain [72].

2.8.2 Bb12 Bifidobacterium

Bb12 has been available on the market for over 25 years and is one of the best 
probiotic strains accessible for the most extensive research. It was administered to 
babies alone or with several different probiotic strains and has demonstrated its 
well-tolerated and beneficial effects [73]. The Bb12, combined with Streptococcus 
thermophilus Th4, has already proven that infants are well accepted in a formulation 
and have decreased the colic levels, irritability, and antibiotic needs for 6 months [74]. 
Bb12 is highly colonized because to its excellent adherence to human mucus [75]. The 
gut microbiome of preterm children has previously demonstrated a beneficial influ-
ence (Table 4) [70].

2.8.2.1 Bifidobacteria and colorectal cancer

Several research have looked at Bifidobacterium’s ability to prevent and/or treat 
colorectal cancer. The bulk of research use mouse models to reach their conclusions, 

Name deposit code Proprietary company Product Example

Lactobacillus acidophilus NCFM ATCC SD5221. DuPont Danisco Heinz nature Toddler

Bifidobacterium animalis subsp. Lactis BB12 
DSM 15954.

Chr Hansen. Heinz Nestle Good Start

Lactobacillus rhamnosus GG ATCC 53103. 
Nutramigen

Valio Mead Johnson Nutrition

Lactobacillus reuteri DSM 17938. BioGaia Nestle NAN L.I. GOLD

Table 4. 
Probiotic strains of infant formula [76].
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and the results imply that a combination of prebiotics and bifidobacterial may mini-
mize the incidence of carcinogen-induced malignant cells in mice [77]. For example, 
it has been demonstrated that Bifidobacterium animalis has anti-mutagenic activity 
while growing in MRS broth, effectively counteracting the action of the carcinogen 
2-amino-3-methylimidazo [4, 5-f] quinolone [78]. It has also been established in vivo 
and in vitro that a B. longum and a B. breve strain protect DNA from carcinogen-
induced damage and suppress the genotoxic impact of two separate carcinogens when 
evaluated in a rat model [79].

2.8.2.2 Bifidobacterium and necrotizing enterocolitis

Following regular treatment of B. breve M-16 V, recent research found a decreased 
incidence of necrotizing enterocolitis in premature infants [80]. Administration of B. 
breve M-16 V in conjunction with breast-feeding was demonstrated to be related with 
a decreased incidence of necrotizing enterocolitis in neonates born before 34 weeks 
gestation, and, while not statistically significant, a lower incidence of this disorder 
was found for neonates born at a gestation age of less than 28 weeks [80].

2.8.2.3 Bifidobacterium and inflammatory bowel disease

Although the precise mechanism of action is unknown, probiotic strains were shown 
to reduce the symptoms of inflammatory bowel disease [81]. A probiotic mixture includ-
ing three Bifidobacterium strains, four Lactobacillus strains, and one S. thermophilus 
strain was given to patients suffering from ulcerative colitis. Fifteen of the 20 patients 
stayed in remission throughout the experiment, indicating that treatment of this bacte-
rial cocktail is useful in sustaining ulcerative colitis remission (Table 5) [81, 83].

2.8.2.4 Lactobacillus reuteri strain

L. reuteri is the probiotic strain of the probiotics L. reuteri, is a well-known 
probiotic. L. reuteri ATCC 55730 colonizes the stomach effectively and can reduce 
the occurrence of watery diarrhea associated with rotavirus. In addition, it recently 
showed effectiveness in the treatment of acute diarrhea with oral rehydration in 

Lactobacillus species Bifidobacterium species

Lactobacillus acidophilus Bifidobacterium adolescentis

L. Casei Bifidobacterium animalis

L. crispatus Bifidobacterium bifidum

L. gallinarum B. breve

Lactobacillus gasseri B. infantis

Lactobacillus johnsonii Bifidobacterium lactis

Lactobacillus paracasei Bifidobacterium longum

L. plantarum

Lactobacillus reuteri

Lactobacillus rhamnosus

Table 5. 
Probiotic microorganisms [82].
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children from 6 to 36 months of age [84]. A Indrio [85], research shows that L. reuteri 
DSM 17938 treatment has lowered stomach distension, expedited gastric emptying, 
and reduced regurgitation in children with normal gastroesophageal reflux. A recent 
study shows that this strain also has a favorable effect on the medication of baby colic 
if employed in several clinical studies or as a therapy for prophylaxis.

2.8.3 Saccharomyces spp. with probiotic properties

Saccharomyces genus contains several yeasts like: Saccharomyces cerevisiae that 
is used for the preparation of wine, bread, beer, Saccharomyces bayanus is used to 
produce wines, and Saccharomyces boulardii utilized in medicine as a probiotic [86].

S. boulardii is frequently advertised as a lyophilized probiotics to treat diarrhea 
and retains an excellent safety reputation [87]. Most reports show that S. Boulardii’s 
clinical advantages are reducing diarrhea duration regardless of causation and thus 
reducing the social and economic benefits associated with hospitalization. S. boulardii 
dispensation has had a positive effect on the prevention and treatment of retroac-
tive inflammatory bowel disease and moderate symptoms of ulcerative colitis [88] 
patients with irritable bowel syndrome. Current Clostridium difficile pseudomembra-
nous colitis infection can also be drastically reduced through the administration of S. 
boulardii regular dosages together with standard antibiotics. No malformations were 
reported in the previously referred examination of probiotic safety during pregnancy 
[89]. It should be borne in mind, however, that S. boulardii can lead to fungal diseases 
or localized infections in immunocompromised people or in other patients.

2.8.3.1 Escherichia coli strains with probiotic properties

Although it is known mainly for its highly virulent serotype (e.g., E. coli O157:H7), 
E. coli is a very common lower gut inhabitant and even a probiotic strain is known 
to be E. coli Nissle 1917; E. coli genus belongs in a Gram-negative family called 
Enterobacteriaceae (EcN). As previously mentioned, it has been proven that consti-
pation [90] and inflammatory bowel disease were treated with other probiotics in 
1917 [91]. This strain could also alleviate gastrointestinal disorder, ulcerative colitis, 
Crohn’s disease and even colon cancer.

2.9 Probiotic research as an advantageous facilitator in aquaculture

Researchers have previously shown that probiotic activities play a wide range in 
the host body (e.g., decreasing illnesses and stress, enhancing immunity, modulation 
of gut microbiota, nutritional assistance, improving quality of water, etc.). So, the 
positive effects of probiotics help to boost animal feed value and growth and improve 
aquaculture breeding and hatching rates. Probiotics have recently become a highly 
common technique in the aquaculture industry, and they are mostly isolated from fish 
guts. A recent study shows that Lactic acid bacteria (LAB), named Bifidobacterium, 
and Streptococcus are among the most common bacterial suggestions. Even though 
the use of probiotics in aquatic species is a relatively new concept, it has gotten a lot of 
interest because of its ability to influence many physiological processes.

In this study the many positive features of probiotics in aquaculture industries 
were proven. Probiotics are regarded as new functional agents with a potential impact 
on any aquatic organism’s gut microbiome. Researchers have already shown that 
probiotic activities play a broad spectrum in the host body, such as reducing illnesses 
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and stress, increasing immunity, modulating gut microbiota, nutrition aid, improving 
water quality, etc. In addition, the positive benefits of probiotics boost feed value and 
growth for the animal and improve the rate of aquaculture spawning and hatching.

2.10 Probiotics and their possible uses clinical importance

Probiotics are an interesting study field that the current age needs to examine for 
clinical wellness. Elite properties such as anti-pathogenic activity, anti-diabetics, anti- 
obesity, anti-inflammatory activities, anti-cancerous activities, anti-allergies and 
angiogenic effects and their influence on the intelligent and central nervous system 
(CNS) (Figure 4).

2.10.1 Probiotic anti-pathogenic action

Action of probiotics as anti-pathogenic is deemed as one of the most valuable 
effects in the probiotics, since the composition of the complex gut microbiota popula-
tion is hindered, unlike conventional antibiotics, by disorder or change. Tejer in [93] 
examined the effect that probiotic substances can inhibit short-length fatty acid 
(SCFAs) pathogens (as acetic acids, propionic acids and lactic) on the survival activ-
ity of Salmonella enterica, Serovar typhimurium and C. difficile in a vitro scope model 
and postulated it. Kareem [94] investigated that SCFAs helps to maintain a colonic 
lumen pH that is imperative for the expression and for the metabolic rate of foreign 
compounds and carcinogenic substances in the gut [94]. Although it is known mainly 
for its highly virulent serotype (e.g., E. coli O157:H7), E. coli is a very common lower 
gut tenant and even a probiotic strain is known to be E. coli Nissle 1917; E. coli genus 
belongs in a Gram-negative family called Enterobacteriaceae (EcN). As previously 
mentioned, it has been proven that constipation [90] and inflammatory bowel disease 
were treated with other probiotics in 1917 [91]. This strain could also lessen gastroin-
testinal disorders like ulcerative colitis, Crohn’s disease and even colon cancer.

Figure 4. 
Applications of probiotic [92].
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2.10.2 Anti-obesity activity of probiotics

The physiological actions of probiotics are important for the health of the micro-
organisms controlling the environment of host. Thermogenic and lipolytic reactions 
in most cases assist loss of weight by activation of the sympathetic nervous system. 
Lactobacillus gasseri BNR17, probiotic strains, have demonstrated characteristics to 
block the rise and therefore restrict leptin secretion in adipocyte tissues, as their 
major source of leptin and adiponectin. Hypocholesterolemia effects have also been 
shown to be present in other probiotic bacteria, such as L. casei, Lactobacillus aci-
dophilus and B. longum.

2.10.3 The probiotics as angiogenic activity

The term angiogenesis has proven crucial for the treatment of wounds and is 
needed to repair damaged tissue by delineating cellular responses [95]. The angio-
genic programmed includes a set of cellular processes carefully regulated by which 
new vessels are created by the pre-existing cell reclamation and the production of 
cytokines, matrix-degrading enzymes, and chemokines. Angiogenesis that is deregu-
lated is a key influence of cancer, diabetic retinopathy and IBD including CD and UC 
in main human illnesses [96]. Non-pathogenic S. boulardii probiotic yeast, protective 
from intestinal damage and inflammation, has been observed. However, these posi-
tive benefits remain unknown about the molecular mechanisms by which probiotics 
mediate. Probiotics may be potentially used to alter inflammatory cytokine profiles, 
decrease pro-inflammatory cascade regulation, induce regulatory mechanisms in a 
strain-specific way, strengthen the function of epithelial barriers, reduce the visceral 
hypersensitivity, increase traffic in spinal afferents, and reduce stress.

2.10.4 Anti-allergic activity of probiotics

In the past, probiotics have increased awareness of its causes and preventive 
measures in protecting and managing allergy disorders. In-vitro studies of some 
probiotic products, such as Lactobacillus plantarum L67, have demonstrated that 
the manufacture of interleukin 12 and interferon g at your host can prevent allergic 
diseases (park 2016). L. plantarum 06CC2 substantially relieved allergy symptoms in 
another research and decreased total immunoglobulin E concentrations, ovalbumin 
E specific immunoglobulin and histamine in the ovalbumin-sensitive mouse sera. L. 
plantarum 06CC2 is reported to enhance the interferon-g and interleukin-4 secretions 
substantially in the cells of spleen in mice, which alleviate allergy symptoms [97]. 
Further investigation may be useful in assessing the anti-allergic activity and method 
of action of probiotics.

2.10.5 The probiotics as anti-cancerous

On the World Health Organization’s cancer data page, there were around 14 
million new cancer diagnoses and approximately 8.2 million cancer-related deaths 
in 2012 alone. Asia, Africa, and the Americas account for more than 70% of cancer 
fatalities worldwide [98]. The attention has shifted to natural sources that impart 
anti-cancer benefits, such as probiotics, in recent years [99]. They are interested 
in working together to bring the illness down as well as produce a treatment with 
minimal or no adverse effects [100].
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2.11 In vitro studies

The probiotic strains, the Lactobacillus fermentum NCIMB-5221, and -8829, 
have been shown to be extremely strong for the suppression and development of 
normal colonic cell epithelial growth by producing SCFAs in vitro studies (ferulic 
acid). Kahouli [101], in 2015 compared L. acidophilus ATCC 314 and L. rhamnosus 
ATCC 51303, that were characterized by tumorigenic activity. Probiotic strains of 
L. acidophilus LA102 and L. casei LC232 have shown the cytotoxic activities with 
two colorectal cell lines (Caco-2 and HRT-18) being in vitro anti-proliferative [102]. 
Although probiotics may play an important role in cancer neutralization, only in-vitro 
tests are confined to research. Therefore in vivo models and animals’ clinical trials 
must prove the potential of anti-cancer probiotics.

2.12 Efficacy of probiotics in COVID 19

The recent Xu et al. [103] trials indicated the ability of probiotics in the avoidance 
of secondary infections in those afflicted by COVID 19. Some COVID-19 individu-
als suffered from microbial intestinal dysbiosis. All patients need to examine their 
dietary and gastrointestinal functioning. The regulation of the stability of gut micro-
biota and the decreasing probability of secondarily infected bacterial translocation 
should be supplemented with nutrition and application of probiotics.

2.12.1 Probiotics for COVID prevention

Probiotic medicines against viruses which lead to respiratory tract infections 
are proposed in the last two decades as antimicrobial agents. There are numerous 
conceivable action mechanisms to increase breath-probiotic activity; the modulation 
of the innate immune system and better immune response are nevertheless most 
probable. According to earlier research of certain viral illnesses, preventing infectious 
diseases can be achieved by increasing and activating human immunological activity 
by healthy, equilibrated meals and administrative complements such as vitamins, 
minerals, fiber, and probiotics [104].

Live microorganisms which provide a sufficient intake of health advantages, includ-
ing an increase in immune activity and removal of respiratory tract diseases, are probi-
otics. Probiotics can obviously lower the prevalence and severity of illnesses, showing 
their promise to cure or prevent COVID-19. To manage viral infection, it is important to 
understand the immune cell activation, cytokine profile and immunological regulation. 
The preservation of the human GI or lung microbiota might help prevent COVID-19, 
as dysbiosis plays an essential role in people’s vulnerability to infectious illnesses The 
potential preventative and therapeutic impact of probiotics against SARS-CoV-2 infec-
tion should be examined in in vitro and clinical investigations.

3. Isolation of probiotic microorganism

The initial process that was carried out for the isolation of probiotic bacteria is 
to keep the sample selectively before the step of incubation in suitable conditions. 
Many probiotics are anaerobic; hence, the samples then placed into anaerobic condi-
tions immediately (within 3 h). The samples should be immediately homogenized, 
diluted, and cultivated in selective media Several mediums were developed to isolate 
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bifidobacteria and lactobacilli either electively or selectively. As a source of isolation for 
probiotic bacteria were utilized milk fermented products (curd, buttermilk, cheese) 
and vegetable pickles. Direct plating and enrichment methods were used for the 
isolation of MRS agar and MRS broth, respectively. These samples were diluted in 9 ml 
of saline water serially up to 10-4 (0.89% NaCl) with a spread of semi-solid MRS on 
Petri flat plates. The inoculates were then incubated at room temperature for 2 days to 
examine and control microbial colonies that grown on medium (without inoculation).

3.1 Spreading

Appropriate sample dilutions were made, and a concentration of just 50 PI-J was 
dispersed on MRS-agar plates. For 48 h, each plate was kept at 37°C in a static incubator.

3.2 Streaking

A single bacterial colony was plucked with a sanitized loop and streaked over plates 
to get isolated colonies. The plates were then put in a static incubator at 37°C for 48 h.

3.3 Characterization of bacterial isolates

3.3.1 Morphological tests

These morphological tests were performed to identify bacterium isolates. These 
tests are as follows:

3.3.2 Gram’s staining

This staining was used to discriminate between gram-positive and gram-negative 
microorganisms. Gram staining may be used to distinguish the morphology of bacte-
ria, such as bacillus or coccus.

A neat and clean glass slide was prepared initially for gram’s staining, and a thin 
smear of a single colony was created. The slide was then air dried. After that, the slip 
was fixed by running it through the flame 5–6 times. The prepared smear was then 
coated with crystal violet for 30–60 s. To remove any remaining discoloration from the 
slide, distilled water was utilized. For 30–60 s, Gram’s iodine solution was applied to 
the smear. Following that, the initial stain was removed with alcohol for 30 s. The slide 
was drained with tap or distilled water before applying the secondary stain safranin 
for 1 min. Rinse the slide once again with distilled water. To dry the slide, blotting 
paper was employed. The slide was then examined under low and high magnification 
towards the end. Microscope power, i.e., at IOOX in oil immersion [105].

3.3.3 Endospore staining

• Endospore staining is used to distinguish spore-forming bacteria from non-
spore-forming bacteria.

• To stain endospores, a crisp and clean slide was obtained, and a thin smear was 
created using an isolated culture of bacteria. The smear was then air dried. The 
smudge was fixed by passing it through the flame 5–6 times. Blotting paper was 
put across each slide after it had been fixated.



Effect of Microbiota on Health and Disease

164

The malachite green stain was then put on blotting paper over steam for 
15–20 min. After the slide had cooled to room temperature, the blotting paper was 
removed, and the slide was washed with distilled water for 30 s. The slide was then 
treated with safranin for about 2 min before being rinsed with deionized water. To dry 
the slide, blotting paper was used. Finally, the slide was examined under a microscope 
with low and high magnification powers, i.e., at 100× with oil immersion [105].

3.3.4 Motility test

A motility test is a test that is used to determine if bacteria are motile or not.
Semi-solid medium was necessary for this purpose. Tryptone log, 5 g yeast extract, 

13 g agar, and NaCl 5(g) were used to make the medium, which was then diluted in 
1000 ml distilled water.

After that, 10 ml of it was poured into a variety of test tubes, cotton plugs were 
used to seal the test tubes’ mouths, and it was sterilized in an autoclave at 121°C 
for 15 min. Finally, the medium was allowed to harden vertically. The medium was 
infected using a red-hot inoculating needle and then incubated at 37°C for 24 h [105].

3.3.5 Biochemical characterization

3.3.6 Catalase test

This test was carried out to determine the capacity of microorganisms to digest 
hydrogen peroxide (1-1202). A nice and clean glass slide was used to perform the 
catalase test. In the center of the slide, one drop of water was placed. Using an inocu-
lating loop, I took some isolate culture and mixed it with water. I applied 2 drops of 
hydrogen peroxide to it and witnessed the results [105].

3.3.7 Casein hydrolysis test

Skim milk agar medium was made for the casein test by combining 2 g tryptone, 1 g 
yeast extract, 6 g agar, 4 g glucose, and 4 g skim milk in 400 ml of distilled water. The 
media was steam sterilized in an autoclave for about 15 min at 121°C, and the petri plates 
were poured under sterilized conditions. The isolated colony of each bacterium was then 
streaked in the middle of the petri dish under sterilized conditions. Each plate was placed 
in the incubator at 37°C for 24 h before the change was detected in each petri dish [105].

3.3.8 Carbohydrate fermentation test

The goal of this test is to confirm the microorganisms’ ability to ferment carbohy-
drates via gas and acid [105].

3.3.9 Glucose fermentation

The medium for this experiment was phenol red broth. 5 g NaCl, 0.018 g phenol 
red, 10 g peptone, and 5 g glucose were dissolved in 1 liter of distilled water to make 
phenol red broth. The medium was then autoclaved for 15 min. The bacterial culture 
was then injected in the medium. For 24 h, test tubes were put in an incubator set to 
37°C. If the color goes from red to yellow, the result is good. To observe gas genera-
tion, a Durham tube was inserted in each test tube [105].
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3.3.10 Lactose fermentation

The medium for the lactose fermentation test was made by combining 0.018 g 
phenol red, 5 g sodium chloride, and 10 g peptone 5-gram lactose in 1000 milliliter 
deionized water. The medium was then autoclaved sterilized. The medium was then 
injected with a bacterial culture. After that, each test tube was placed in the static 
incubator overnight at 37°C. The presence of yellow suggests a favorable outcome. 
Durham’s tube was used to monitor gas output.

3.3.11 Sucrose fermentation

The sucrose fermentation test was performed to determine whether or not a 
microorganism had the capacity to ferment sugar. To conduct this test, the following 
substances were dissolved in 1000 ml of distilled water: 10 g peptone, 0.018 g phenol 
red, 5 g sodium chloride, and 5 g sucrose. The medium was then sterilized in an auto-
clave at 121°C for 15 min. After that, the medium was injected with bacterial culture. 
For 24 h, the test tubes were put in an incubator set to 37°C. If a yellow tint develops, 
it indicates that fermentation is taking place. Durham tubes were inserted in each test 
tube to observe gas generation [105].

3.3.12 Probiotic properties of isolates

The following are the primary selection criteria for determining the probiotic 
characteristics of bacterial isolates.

3.3.12.1 NaCl tolerance test

Bacterial isolates were exposed to various NaCl concentrations to determine their 
tolerance range. For this, MRS broth containing 1–4% NaCl was injected with 0.1 ml 
of each bacterial suspension’s stimulated bacterial culture and incubated at 37°C 
for 48 h. The growth rate of the organism was estimated by obtaining the O.D. in a 
spectrophotometer at 600 nm.

3.3.12.2 Antibiotic sensitivity test

This experiment was carried out to determine antibiotic sensitivity. Antibiotics 
such as amoxicillin, penicillin, erythromycin, ciprofloxacin, gentamicin, and cefix-
ime were used for this. First, the freshly cultured bacterial isolates were dispersed 
over the sterile filled Nutrient Agar plates. The antibiotic discs were then put on petri 
plates at identical distances and incubated at 37°C for 18 h. The creation of a clean 
zone surrounding the discs was seen after 18 h.

3.3.13 Molecular characterization of bacterial isolates

The following steps were used to characterize isolated bacterial isolates molecularly.

3.3.13.1 Isolation of genomic DNA

In 20 ml of autoclaved LB broth, isolated colonies of chosen bacteria were inocu-
lated. For 18 h, these falcons were kept at 37°C in an incubator that was constantly 
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shaken. After incubating for 18 h, the broth culture was put into an Eppendorf tube. 
That Eppendorf was centrifuged for 5 min at 40°C and 6500 rpm. The particle was 
kept, but the supernatant was discarded. Pellet was thoroughly washed with 200 PI of 
TEN buffer and mixed with a vortex.

This combination has been centrifuged for 5 min at 40°C and 6500 rpm. The 
supernatant was discarded once more. The pellets were preserved for future use. 
Following that, 100,111 of SET buffer was put into an Eppendorf and the pellet was 
well mixed using a vortex. The Eppendorf was then filled with 100 gl lysozyme and 
placed in the incubator at 37°C for 30 min.

Following that, 5 PI of 25% SDS solution and 100 PI of TEN buffers were 
added. The Eppendorf tube was gently inverted many times until lysis occurred, 
and then incubated at 600°C for 15 min. After withdrawing the Eppendorf from 
the incubator, it was allowed to cool at ambient temperature before being filled 
with 5 gl of 5 M NaCl. The mixture was treated with an equal proportion of chlo-
roform and buffered phenol (l:l). Eppendorf was centrifuged at 40°C for 1 min 
at a speed of 6500 rpm. Supernatant was removed once more and transferred to a 
fresh Eppendorf tube. The DNA was then precipitated by adding twice the volume 
of absolute ethanol (100%) that had to be ice cold. Overnight, the Eppendorf 
was chilled.

The next day, Eppendorf was centrifuged for 5 min at 6500 rpm (40°C). The 
supernatant had been decanted. The pellet was rinsed with 70% ethanol. The 
Eppendorf was properly air dried. TE buffer (50 microliter) was added, and the DNA 
was kept at 20°C for future use.

3.3.13.2 Gel electrophoresis

Gel electrophoresis was used to determine if the treated materials contained 
isolated genomic DNA or not. 1% agarose gel was made for this purpose by dis-
solving 1 g of powdered agarose in 2% 50× TAE buffer. 2 ml of 50× TAE buffer was 
dissolved in 98 ml of autoclaved distilled water to get the 2% solution. Unless the 
agarose and buffer solution was correctly mixed, it was heated in the microwave for 
over 2 min. After cooling to room temperature, ethidium bromide 2 PI was added. 
When the temperature was reduced to 600°C, the gel was gently poured into the gel 
casting tray. Before pouring the gel, the comb was placed in the gel casting tray. The 
gel plate was put on a level surface to make the gel smooth and consistent. A 20 PI 
sample was obtained in an Eppendorf tube and 5 gl of 1× loading dye was applied 
to it. The sample was stored on ice during processing. After solidification, the comb 
was carefully removed from the tray, and the test sample was placed in each well. For 
over 40 min, electrophoresis was performed at 80 volts. A DNA ladder (10 Kb) was 
put into one well.

3.3.13.3 Polymerase chain reaction

Ferment was used as a PCR reagent in the PCR of 16S rDNA. The samples were put 
into a Thermo cycler (Progene, Techne) that was set for initial denaturation at 940°C 
for 20 min, melting at 940°C and annealing at 5200, primer extension at 720°C for 
60 s each, for a total of 35 PCR cycles (Figure 5).

The last extension at 720°C lasted 10 min, and the ultimate storage temperature 
was set to 40°C for the maximum term.
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3.3.13.4 Gel electrophoresis of amplified product

1% agarose gel was created for this purpose by combining 1 g of powdered agarose 
with 2% of 50× TAE buffer. Amplified items were placed in the appropriate wells. It 
was ran at 80 volts for 40 min. The gel was then examined for the presence of ampli-
fied products using a UV trans-illuminator.

3.3.13.5 Purification of PCR product from agarose gel

After amplification, the required DNA band was sliced, and the net weight of the 
agarose gel containing the DNA band was calculated. After that, an equivalent volume 
of binding buffer was added and the gel was incubated at 50°C until fully melted. The 
sample was then transferred to a column. The column was centrifuged at 10,000 rpm 
for 1 min, then washed with 750 gl of wash buffer and centrifuged again for 1 min. 
The flow through was removed, and the column was washed one more with 750 gl of 
was buffer. For 1 min, the column was centrifuged at 10,000 rpm. Flow through was 
discarded once again, the column was moved to a fresh micro centrifuge tube, and 
30–50 PI elution buffer was added. It is then permissible to centrifuge for 2 min at 
10,000 rpm for 30 s and store at −200°C for future use.

3.3.13.6 Sequencing

Following purification of the PCR products with the-Invitrogen gene clean, the 
samples were forwarded to the laboratory for 16S rRNA sequencing.

3.4 Identification

The initial stage in the identification of potential probiotics is to identify microor-
ganisms inside the GIT or in dietary sources. Only a tiny proportion of microorganisms 
can be cultivated in various habitats in culture [106]. The taxonomic categorization 
characterized as the process of cataloging that was based on a polyphasic approach 
[107]. Phenotypical techniques used to identify microorganisms have historically 
been employed. For many decades, the taxonomy depends on significantly on the 
kind of sugar fermentation and fermentation products. The probiotics were therefore 

Figure 5. 
PCR steps.
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categorized largely as LAB. The method of choice today is 16S rRNA gene analysis. 
Microbiologists have employed this conserved region for phylogenetic categoriza-
tion for the past two decades, and the relatedness of species is inferred by comparing 
their sequences in publicly available databases. To detect bacterial communities from 
gutorecological sources, 16S rRNA gene analysis was coupled with other techniques.

The amplified 16S rDNA may relate to PAGE by means of the hybridization using 
fluorescent oligonucleotide probes (fluorescence in situ hybridization) or chemical 
denaturation using restricting enzymes (T-RFLP) with a specific 16S. However, in 
comparison with the bacterial Genome having base pair of 30,000–40,000, the 16S 
rDNA segment is exceedingly tiny (1500 bp).

3.5 Characterization

The two most significant probiotic-taxa are Lactobacillus and Bifidobacterium 
species in processed dairy products. When eaten, sufficient metabolically active 
bacteria are required to penetrate the GIT barrier and have transitory impact in 
GIT. This is essential since some writers have demonstrated the positive benefits of 
dead probiotics [108]. GIT has the challenge to survive on GIT with the potential to 
withstand with extremely low pH of about 1.5, availability of gastric enzymes, bile 
salts and other bowel enzymes [109]. Different in vitro tests to imitate these stress 
conditions have been devised.

3.6 Identification and characterization of probiotics

Isolate were identified by gram staining, endospore stain, catalase testing, and car-
bohydrate fermentation test. The growth and survivability of the stomach and small 
intestines is part of this. The stability of these properties following ingestion must 
thus be tested to verify that they are maintained in the host. Therefore, tests of acid 
and bile tolerance should include early screening and selection of probiotic strains.

Classical physiological and biochemical assays are not efficient for analyzing and 
quickly identifying microbial communities, as the bacterial population typically has 
comparable nutrient requirements and develops under similar environmental circum-
stances. Thus, it may often be difficult to clearly identify the species using simple phe-
notypic criteria. New possibilities for defining strains of fermented milk items have 
been developed using molecular methods. The 16S rDNA assays are fast, and cheap to 
detect the microbial species of yeast, acetic acid, and of some Gram-positive bacteria. 
Among PCR-based techniques is easy and cost effective. The chosen strain for diverse 
probiotic characteristics was characterized. These comprise the susceptibility analysis 
of antibiotics, the capacity to create bioactive metabolites and acid sensitivity tests for 
their antibiotically resistance potential.

3.6.1 Antibiotic susceptibility test

Several antibiotics were employed at different concentrations, ranging from 
25 μg, 50 μg, 100 μg, 200 μg, 250 μg and 500 μg/ml agar medium, including 
the penicillin G, tetracyclines, gentamycin, vancomycin, and streptomycin. 
Lactobacillus has been streaked across an agar plate over the overnight culture. It 
was aerobically incubated at period of 48 h for 37°C, controlled and checked for 
lack of growth.
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3.6.2 Antimicrobial production

Bilkova et al. have evaluated the antimicrobial production of the chosen isolate. 
As an indicator strain E. coli was utilized. The supernatant culture was caught at the 
time period of different intervals consist of 21, 24, 27, 30 h of inoculation following 
intervals. Above supernatant the proteinase, followed by heat treatment, was centri-
fuged, and digested. It was put into 200 μl wells in E. coli lawn containing plates and 
incubated with control (sterilized water) for 37°C for 48 h to check for the presence 
of the indicator strain growth inhibition zone.

3.6.3 Acid sensitivity test

In MRS broth it was controlled by examining the capacity of isolated bacteria 
to grow at the acidic environment in different pH. After 24 h incubation at 37°C at 
150 rpm, OD values at 600 nm were measured. The bacterial growth was compared 
with growth in the pH 7 MRS broth by determining its acid sensitivity.

3.7  Studies demonstrating characterization and identification of probiotic  
isolates

3.7.1 Isolation from cheese sample

Ward and Timmins [110] published another investigation which found that three 
strains isolated from cheese samples having Lactobacillus casei, Lactobacillus paracasei 
and Lactobacillus rhamnosus were distinguished by PCR. In MRS agar samples, 63 
isolates were cultivated and evaluated with sugar fermentation phenotypes. These 
isolates then belonged to the casei group. PCR primers were developed for 16S rRNA 
gene preserved areas and particular fragments were amplified with PCR. The agarose 
gel separated the amplified products from the data base and retrieved their gene 
sequences. These three distinct strains in the region VI of 16S rRNA have given unique 
amplified products. At the end of the process, a product containing the 16S rRNA Lt. 
paracasei gene was discovered in 51 of 63 isolates and a product containing the 16S 
rRNA gene L rhamnosus was given in 12 of 63 by primers, whereas a product contain-
ing the L. casei primers was not detected.

3.7.2  Bacterial viability protection during in vitro gastric transit simulation in fresh 
cheese from Argentina

Vinderola et al. [111] examined fresh cheese from Argentina a type of soft rindless 
cheese that have a 12-day maturation at 5°C before it is sold on the market. The fol-
lowing parameters are shown in this cheese: 5.29 pH, 58% humidity (w/w), 12% fat 
(w/w), 23% proteins (w/w), 0.9% salt (w/k), ashes (w/w), 40.8% dry matter (w/w) 
and 0.6% calcium (w/w). This product has shown suitable for the preservation and 
consumption of probiotic microorganisms. It gives a certain level of bacterial viability 
protection during in vitro gastric transit simulation.

3.7.3 Counts of L. acidophilus to improve the flavor, and texture

Kasimoglu et al. [112] demonstrated that the strain of L. acidophilus may be uti-
lized in the production of the probiotic Turkish white cheese. To make health claims, 
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the finalize counts of L. acidophilus were more than the minimum (107 Cfu g−1) 
needed. L. acidophilus may also be employed in the production of high levels of 
proteolysis to improve the flavor, and texture. In addition, vacuum-packed probiotic 
cheese was demonstrated to be more acceptable after salting than the same cheese 
kept in salt. The recommended way of preserving probiotic Turkish white cheeses is 
thus the vacuum packing.

3.7.4 Probiotics in cheddar cheese

Phillips [113] researched about probiotic cheddar cheese. Six samples of this 
Cheese were produced with various mixtures of probiotic flora that was commercially 
available. Every supply, the specie of Bifidobacterium, Lactobacillus acidophilus and 
either Lactobacillus casei, paracasei, or rhamnosus have been present in cheeses. They 
described adequate viable counts and a beneficial impact on the consistency and 
sensory characteristics of cheeses. Cottage cheese has a suitable profile for the inclu-
sion of probiotic cells. Moreover, cottage cheeses are, due to their low-fat content, a 
healthier alternative to many other cheeses.

3.8 Isolation of bacterial strains done by marketed foods and drugs

Liu et al. [114] assesses 41 lactic acid strains, 36 of which have been identified and 
obtained from the commercial produced milk and pharmaceutical products, and 5 
forms of probiotics were assesses that were obtained from China. These samples then 
incubate in the incubator for the period of 2 days in the conditions of anaerobically 
provided medium at the temperature of 37°, so different colonies have been morpho-
logically chosen and that were classified as rods or cocci under a light microscope. 
After being plated on suitable agar plates, pure colonies have been isolated. The con-
ventional microbiological techniques of colony appearance, gram staining, oxidase, 
and catalase reactions were initially used for all isolated isolates. Amplification of the 
PCR and further sequencing of 16S rDNA at genus level have been carried out. For 
identification purposes, universal primers 27F and 1492RP were employed. AGAROSE 
Gel was then separated and purified by electrophoresis by 1.5% (w/v). ABI DNA 
Sequencer 3730 was used to the purified products. The alignment of 16S rDNA was 
done by BLAST.

3.9 Isolation of probiotics from milk and fermented derivatives

Mishra and Sharma [115] isolated probiotics from milk and its fermented deriva-
tives such as buttermilk, curd, and cheese. Following direct plating on MRS agar, the 
colonies were serially diluted in saline water (0.89% NaCl) up to 10-4 before being 
distributed over MRS agar plates and cultured for 48 h. Purified isolate colonies were 
streaked on agar plates and morphological features of colonies were used to identify 
them. Gram staining, catalase test, and carbohydrate fermentation test were used for 
physiological characterization, and the results revealed five types of isolates, with 
bacteria isolated from curd and buttermilk samples being gram positive, catalase 
negative, and capable of fermenting glucose and mannitol without manufacturing 
gas. The isolates from the cheese and milk samples were determined to be gram nega-
tive, thus they were not included in the study. The isolates from the curd sample were 
further examined for antibacterial activity and antibiotic susceptibility, with positive 
findings indicating that they belonged to the Lactobacillus casei genus.



171

Probiotics in Processed Dairy Products and Their Role in Gut Microbiota Health
DOI: http://dx.doi.org/10.5772/intechopen.104482

Lactobacilli isolated from traditional milk products of 17 sample samples known 
in Azerbaijan as tvorog curd cheese. 17 samples have been taken of tvorog, followed 
by 1 g suspension of each sample in solution of saline. The MRS broth was then 
added 500 μl of suspension and then it was incubated for the period of 48 h at 37°C. 
In the concentration of 10.0 ml PBS buffer (pH = 3), 1.0 ml of each cultivation of 
the enriched culture was incubated for 3 h to detect lactobacilli resistance to severe 
stomach conditions. The 10 ml of broth was added and incubating at 37°C for the 
period of 4 h resuscitated pH-resistant bacteria after centrifugation. Another test was 
performed to determine the bile salt resistance for bacteria. The bacteria that were 
acid resistant were injected in MRS broth and incubated for 4 h at 37°C. The dilutions 
were placed on MRS agar plates and incubated for the period of 24–48 h at 37°C. In 
10 ml MRS broth, different colonies were selected and cultivated. The isolates were 
first assessed using gram staining and the morphology of cell. After that, the isolates 
were stored at −70°C in MRS broth with 10% skim milk and 25% glycerol. All these 
species have antibacterial properties against the indicator bacterium. Isolation of anti-
bacterial samples by tvorog curd cheese, to determine acid and bile resistant lactoba-
cilli strains, that was identified by 16 s rDNA as L. plantarum, L. casei, and L. rhomnos.

Tavakoli [116] gathered five specimens of Koozeh from remote area of 
Mazandaran province. The sample (30 g) has been homogenized and then incubated 
for the period of 24 h at 37°C and inoculated in 300 ml of MRS Broth. In the follow-
ing stage, the pellet was resuspended to be 10 ml phosphate-buffered (PBS) in a 2.5 
pH-adjusted phosphate-buffered Saline (PPS), then placed on an MRS agar medium. 
The plate was incubated in anaerobic circumstances at 37°C for 24–48 h. Colonies of 
all morphologies were gathered and purified by culture on the same medium. Gram 
positive, catalase negative isolates were regarded as a presumptive LAB following 
gramme staining and catalase reactions, which was kept at −80°C in 15% glycerol. 
The different isolates were examined based on colony morphology (form, superficie 
and color), cell morphology (form and size), and the biochemical properties of 
phenotypes and lactobacillus. They were tested. Jayne Williams in 1977 described or 
explained that the genus Lactobacillus that depends on the morphological state, and 
biochemical features, has been deemed to include eight bacterial isolates. For the 
sequencing, the typical 16S rDNA amplicons were picked for each of the several pro-
files. The homology of the sequence sequences was more than 95% for four distinct 
Lactic acid bacteria species [117] in terms of molecular identity comparisons. There, 
L. plantarum, L. casei, L. pentosus, and L. fermentum were as follows.

3.10 Probiotic potential of LAB isolates

This study examined the propensity to promote the activity of β-galactosidase, 
CSH, generation of hydrogen peroxide, antibiotic sensitivity, and pathogenic 
microbes, in vitro, of eight strains of lactobacillus isolated from Iranian conventional 
cheese, “koozeh,” The results demonstrate that all lactic strains are powerful probiot-
ics in developing novel formulations for the design of health-promoting functional 
food items. Analysis showed that the best of test probiotics among the tested are 
L. fermentum named MT. ZH893 and MT. ZH993 and MT. ZH593 L. plantarum. 
Lactobacillus acidophilus is an initially isolated bacterial bacterium economically 
important and was named Bacillus acidophilus from human gastrointestinal tract 
in 1900. During the development of technologies for the identification of bacteria 
L acidophilus is the typical species of a very varied and heterogeneous Lactobacillus 
group that has undergone several taxonomical revisions. The characterization of 
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L. acidophilus has suffered with misrepresentation because of the difficulties of dis-
tinguishing phenotypically identical species by morphologic and different biochemi-
cal techniques. In comparison, L. acidophilus sensu stricto is currently one of the most 
characterized species of Lactobacillus and it is used as a supplement for probiotic 
that is present in functional foods. The source of L. Acidophilus strains is established, 
L. acidophilus historically and now misidentified, and the probiotic has genomic, and 
physiological features.

Another study conducted by Maged in [118] identified 93 lactic acid bacteria 
(LAB) from the local and fermented milk samples of 13 in number that were gath-
ered, including fresh raw milk, crude frozen milk, and different types of cheese 
like (fresh, salty, cooked) yogurt stirred, (shrimp milk) yogurt, and butter. The 
LAB counts were greater under circumstances of microaerobic incubation than in 
conditions of aerobics. On the MRS solid medium surface, the colony morpholo-
gies of the isolates were seen; the colors of colonies observed were white to pale 
creamy with circular shape and the width that ranged from a diameter of 0.5–4 mm. 
About 92.47% strains were gram-positive. Catalase and cytochrome oxidase activi-
ties varied in isolated isolates, as seen that 71% were unfavorable for the activity of 
catalase and cytochrome oxidase production were negligible about 72%. Also, 96% 
of isolates were nonmotile and the motility of isolated strains varied. All the isolated 
strains were amplified with the 16S rDNA gene. Then by the usage of amplicon it 
was being sequenced and purified. The 46 distinct genera’s nucleotide sequence, i.e., 
Enterococcus, Lactococcus, Lactobacillus, Streptococcus and Weissella, are in line with 16S 
rDNA sequences from 14 species. The nine strains of the genus L. acidophilus, L. casei, 
L. paracasei, L. plantaarum and L. futsaii were analyzed to indicate that there could be 
two strains named (i.e., Hadhramaut4 and Musallam2), four strains named (i.e. MSJ 
1, BgShn3, MasaLam7, and Dwan5), one strain namely (i.e. NMBM1), and another 
strain, (i.e., EMBM2), respectively.

Ten condensed yogurts imported from China were studied by Qian [119]. In the 
MRS medium, the strains of Lactobacillus grew at a temperature of 37°C at 16–24 h. 
Brain Heart Infusion Gardnerella vaginalis (ATCC49145) with yeast extract supple-
ment (1%), maltose (0.1%), glucose (0.1%), and horse serum (10%) (BHIS) at 37°C 
for 24 h under anaerobic circumstances. It was cultured on Luria- Bertani Medium 
(LB) for 12 h at a temperature of 37°C (ATCC 25922). Streaking is done by MRS 
agar and broth and enriching them for the strains of Lactobacillus. Gram-positive 
colonization’s were chosen and inoculated in a broth of MRS with characteristic 
Lactobacillus shape, white in color and fruity fragrance. Then genetic investigation 
with the use of PCR and 16S rDNA sequencing has validated and identified isolates. 
A bacterial DNA isolation kit was used to extract the genomic DNA from the strains 
of Lactobacillus. The 16S rDNA genes were amplified using the universal PCR primers 
27F (AGAGTTGATCGGCTCAG) and 1492R (TACGGC TACCTTGTAGACTT).

3.11 Study of phylogenetic analysis of probiotics

Hajigholizadeh et al. [120] isolating LAB from traditional cheeses and character-
izing them. In 225 ml the quantity of peptone water is about 0.1% w/v was added 
and then mix the 25 g of each sample of cheese. Then dilute the sample of cheese in 
a suspension containing 2% of the sodium citrate and then grown on MRS agars and 
incubated for 1–2 days at a temperature of 37°C under anaerobic and aerobic condi-
tions. From each plate of cultivation, the 3–4 distinct colonies were picked randomly. 
Gram staining microscopically inspected, and the catalase analysis was carried out. 
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Molecular and antibacterial characterization is analyzed and kept in a test tube 
that contain 15% (v/v) glycerol at −20°C. Extraction and amplification of bacterial 
genomic DNA. Different kinds of bacteria colonies emerged on MRS agar surface 
following screening and phenotypic characterization. Screenings were performed 
on different 60 MRS agar plates that have tiny, round, matt, and white colonies, it 
was performed with 70 different biochemical characteristics of LAB showcasing the 
gram-positive and the catalase negative, including cocci, or in shape rods.

3.11.1 PCR and RFLPs

Koohestani [121] study based upon the spot-on-the-lawn approach was performed 
to assess the performance regarding antibacterial activity of 8 LAB isolates with vari-
ous patterns of RFLP. For all 70 bacterial isolates, a DNA fragment contains the size 
of 1.540 bp has been enlarged as shown in Figure 6. Three distinct digestive patterns 
were shown in the RFLP PCR product analysis (patterns I–III) shown in Figure 6. Out 
of 70 isolates, RFLP pattern I was shown in amplified fragments from 16 rRNA from 

Figure 6. 
Staphylococcus planktonic form and biofilm were inhibited by cell free supernatant of Lactobacillus casei [121].
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63 (90%) isolates. The RFLP patterns I and III were all RFLP patterns discovered with 
the HinfI named endonuclease enzyme, and each with two and five isolates.

LAB isolates were identified based on the generation of the phylogenetic trees 
from the sample of cheese named Enterococcus subsp., Lb. lactis, Lb. farciminis, and 
Lb. paracasei Enterococcus subspecies was made up of majority of the LAB (90%) in 
that RFLPs isolates named [2, 97, 122, 123] isolate it. RFLP pattern II was classified 
jointly in Isolates namely 14 and 32. The RFLP pattern III was identical to two isolates 
22 and 44; nevertheless, these two isolates were grouped into two different clusters 
based on a phylogenetic tree. The most common LAB in traditional cheeses in this 
research were enterococcus subsp.

3.12 Enterococcus safety evaluation and probiotic potential by genomic analysis

Enterococci are the ordinary people of the human and animal gastrointestinal 
system. Recently, the selection of helpful microorganisms by bacteriocins was a novel 
probiotic characteristic [124]. The 1st OB14 strain and 2nd OB15 strain of lactic acid 
were isolated and identified as E. faecalis from Testori and Rigouta typical Tunisian 
fermented milk products. These novel isolates have been examined for the character 
of the gastrointestinal tract and proven tolerant to severe circumstances. They were 
moderate biofilm makers that increase the trans epithelial resistance and they can 
attach to the cells of intestines to reinforce the barrier. Different antibiotics suscep-
tibility is seen includes Ampicillin, vancomycin, gentamicin, and erythromycin and 
the evidence shows the susceptibility of E. faecalis OB14 and for OB15 to essential 
ampicillin and vancomycin clinical drugs. The tetracycline resistance existence and 
the presence of cytolysin genes in E. faecalis OB14 1st strain, nevertheless, was found 
in the Whole Genome Sequencing (WGS). Hierarchical cluster analysis reveals the 
tight connection between E. faecalis OB15 and E. faecalis Symbioflor 1 against OB14. 
E. faecalis OB15 looks therefore trustworthy as a probiotic food or feed business for 
future growth.

3.13 Study of strain of probiotic potential by isolation and identification

Samples of Ezine type of cheese have been mixed and attenuated into the solution 
of Ringer and plated with aerobic incubation at 37°C at a species of kanamycin aes-
culin azide agar for 48 h. After incubation, colonies exhibiting Enterococcus-typical 
shape were randomly chosen and spotted using sterile toothpicks on plates containing 
agar. A total of 114 colonies with characteristic Enterococcal shape were transferred to 
BHI Agar in KAA agar. It was observed that 84 colony areas greater than 10 mm versus 
indicator strains displayed inhibitory zones (results not shown). PMD74 was identi-
fied as the strongest antibacterial activity for additional tests. Among these colonies. 
The distinctive characteristics of the strain are compatible with general characteris-
tics. The isolate has been identified as an Enterococcus lactis strain, according to the 
sequence of 16S rRNA, undertaken to ensure molecular identification.

The latest investigation showed that Ezine (PDO), which consists of nonstarter 
Turkish white long-ripened cheese, serves as an isolation source for new enterococ-
cal strains. This is the first analysis on E. lactis isolation in Turkey, to the best of 
our understanding. E. Lactis is a probiotic candidate because of the results such 
as strong strain tolerance to GI tract virtual circumstances, other physiological 
features, and remarkable antibacterial activity to both near relatives and dietary-
borne pathogens.
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3.14 Commercial interest in probiotics and sensory evaluation of food matrix

Commercial interests also exist for the idea of probiotic food, as is shown in the 
range of probiotic products accessible in supermarkets and specialized stores, that 
make up a major portion of the functional food market. Singh (2011) observed that 
various author has demonstrated that frequent ingestion of live probiotic microbes 
might be useful to improve lactose tolerability, reduce cholesterol levels. It was 
observed that probiotics may directly or indirectly affect the intestines by modifying 
the physiology of Endogenous Microflora or Immune System, as colonization of some 
strains can decrease the severity of acute diarrhea in children. Probiotics have a posi-
tive impact on the intestinal microbiology, including antagonistic effects, competition 
for immunological effects and improved infections resistance.

The usage of bacteria at the expense of potentially dangerous bacterial pro-
liferation therefore encourages the proliferation of beneficial bacteria which 
enhances the natural defensive systems of the host. In fermented milk products, the 
application of probiotic bacteria has been extensively explored due to problems in 
maintaining the vitality of these organisms during cooling storage. The survival of 
probiotic bacteria in fermented dairy product may be influenced by factors such as 
acidity and dissolved oxygen and species interactions, inoculation techniques and 
stock conditions.

The quantity of viable bacteria in the intestines and the level of pH that is low 
in stomach leads to the limit the survival of probiotics. Furthermore, there are still 
numerous difficulties with the poor viability of probiotic bacteria in milk meals. In 
fermented dairy products there are several variables that impact the survivability 
of probiotics: acidity, pH and hydrogen peroxide, dissolved concentrations, stock-
temperature, interaction in products with other microorganisms, lactic and acetic 
acid concentration, and protein concentration [125].

4. Some highlights on the LAB and possibilities for the future

Without initially securing food safety, there can be no feeling of global security. 
This involves, among others, supplying the world’s thriving population with safe and 
healthy food. The future is undoubtedly hopeful given the tremendous potential in 
the utilization of LABs as probiotics. One topic now being explored, for example, is 
the examination using whole genome sequence technology of probiotic propensities. 
Among other effects, the functions of probiotic LABs will be improved, and data 
may be utilized to further modify LAB genes [126]. More study is being undertaken 
on their usage as functional food components and will expand soon. The effects of 
probiotic LABs on the cells of breast and likes to have previously been researched to 
bridge the gap between the world’s food, medicinal and health industries. However, it 
must be noted that the safety for the improvement of food is not a probiotic feature of 
lactic acid bacteria (LAB).

Over the recent decade, numerous researches have been carried out examining the 
molecular foundation for possible probiotic characteristics of prospective LAB strains 
and their products, drastically enhancing our biological understanding [127]. These 
findings have been and still can form the foundation for important in vitro and in vivo 
investigations for food, biomedical and pharmaceutical specialists. These studies are 
crucial. Preliminary findings from current study at the Northeastern Agricultural 
University’s Key Laboratory of Dairy Science (KLDS).
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Based on the research provided in this review, various strain combinations 
may thus be hypothetically utilized to evaluate the attenuation effects on gut-
microbiota with respect to obesity and T2D of probiotic LABs and Bifidobacterium 
species. To create new anti-obesity foods and dairy products, similar research 
evaluating the effect of various strains on the gut microbiota may be carried out. 
Such research might open fresh and new medicinal and food goods pipelines with 
huge industrial uses.

5. Conclusion

Probiotics mean live organisms that have positive effects on the health of host. 
The aim of current study was to isolate probiotic bacteria from different non-dairy 
products. The total of 1 l samples was collected from different areas and from these 
samples 10 bacterial strains were isolated. All of these were characterized based on 
morphological, biochemical tests and 16S rRNA ribotyping. Probiotics are helpful 
bacteria that are catalase negative and help to restore microbial equilibrium in both 
people and animals’ guts. Lactobacillus was the first probiotic to show a positive 
influence on health. These “Good Microorganisms” can be gotten not only from 
non-dairy products, but also from processed dairy products such as. They improve 
epithelial barriers, increase adherence to gut mucosa and microbial adhesion, produce 
antimicrobial compounds, and regulate immune systems, and can be used as food 
supplements to treat various gastrointestinal tract diseases, as well as in research 
studies to develop commercial probiotic foods. Probiotics have health advantages such 
as improved immune responses, easing of lactose intolerance symptoms, diarrhea 
treatment, cholesterol decrease in serum, vitamin generation, and anticarcinogenic 
properties. Probiotics serve a variety of roles in the host body (e.g., decreasing 
illnesses and stress, enhancing immunity, modulation of gut microbiota, nutritional 
assistance, improving quality of water, etc.). As a result, the beneficial effects of 
probiotics contribute to increased animal feed value and growth, as well as improved 
aquaculture breeding and hatching rates. Probiotics have the potential to treat or 
prevent COVID-19 by lowering the occurrence and severity of diseases. Lactobacillus 
casei also interacts with epithelial cells via Toll-like receptors (TLRs) to boost the pro-
duction of cytokines, which are vital in increasing cell productivity and preventing 
apoptosis during restoration, promoting survival and proliferation. The preservation 
of the human GI or lung microbiota may aid in the prevention of COVID-19, since 
dysbiosis plays an important role in people’s susceptibility to infectious diseases. Most 
experimental experiments demonstrated that bacteria extracted from processed dairy 
products belonged to lactic acid bacteria, which are classified as probiotic bacteria. 
Appropriate sample dilutions were made, and a concentration of just 50 PI-J was 
dispersed on MRS-agar plates. For 48 h, each plate was kept at 37°C in a static incuba-
tor and all the steps were done for performing the tests. Then electrophoresis and pcr 
is done to confirm the antimicrobial activity.

Various research findings on the importance of probiotics as well as their extrac-
tion from processed dairy products are reviewed in this review.
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