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INTRODUCTION

Health maintenance and disease avoidance are clearly important aspects of an active and productive life. It has become
evident in recent years that a major factor in maintaining optimal health depends on the proper functioning of our complex gas-
trointestinal system.

Unfortunately, gastrointestinal disorders are very common and encompass more than 40 acute and chronic conditions of
the gastrointestinal tract ranging from common digestive disorders to serious, life-threatening diseases. Digestive diseases,
which include gastrointestinal and liver disorders, are common across Europe, causing more than 500 000 deaths in 2008 in the
28 EU member states and more than 900 000 deaths in the whole of Europe, including Russia and other non-EU states . In the
USA it is estimated that 8% of the population have chronic digestive diseases, 6% have acute episodes of digestive diseases and
43% have intermittent digestive disorders 2. Digestive diseases are the second leading cause of disability due to illness in the
U.S., with more than 2 million Americans impaired to some degree. The total economic cost associated with digestive diseases
has been estimated at more than $50 billion annually. Clearly understanding the gastrointestinal tract and its effective manage-
ment are crucial for effective health maintenance.

Gastrointestinal health is influenced by four major components; namely, the microbiome, the gastrointestinal mucosa, the
diet and the interaction with pathogens from the environment. The microbiome is the population of microorganisms which have
colonized the gastrointestinal tract. The inner wall of the gastrointestinal tract forms the mucosa which is composed of the diges-

RR: J Microbiol Biotechnol | Volume 7 | Issue 2 | May, 2018 1



Research & Reviews: Journal of Microbiology and Biotechnology e-ISSN:2320-3528
p-ISSN:2347-2286

tive epithelium, the gut-associated lymphoid tissue and mucus overlying the epithelium. Food ingredients in the diet inevitably
interact with and modify the microbiome. The ingestion of food also brings with it the risk of introducing pathogens into the gas-
trointestinal tract which also interact with the microbiome. It is now well accepted that the microbiome has a major impact upon
gastrointestinal health and managing the microbiome is crucial for health maintenance and disease avoidance.

Gastrointestinal Microbiome

It has long been recognised that the gastrointestinal tract contains a very large population of various microorganisms. It
includes bacteria, fungi, archae, protozoa and viruses. This population of microorganisms is commonly referred to as the micro-
biome. This is not strictly correct in that “microbiome” actually refers to the collection of genomes of microorganisms in a system
and “microbiota” refers to the collection of microorganisms. However, the term microbiome is commonly used for the microbial
population of the gastrointestinal tract and it is so used in this review. The microbiome of course also includes their genomes.

The size of the gastrointestinal microbiome is not easy to estimate and for many years was generally considered to be 10
times the number of human cells in the body. However, more recent estimations have substantially reduced this. Within the
gastrointestinal tract, the colon is the dominant contributor to the total bacterial population, while the stomach and small intes-
tine make negligible contributions. The colon contains an estimated 3.9 x 10*3 bacterial cells. The estimated total cell number of
human cells in a 70 kg man is 3.0 x 10*. This gives a bacterial cell: body cell ratio of 1.3 ¥l. However, a population of 3.9 x 10*®
microorganisms is still an extremely large number and it should not be surprising that the microbiome will exert multiple influ-
ences upon human health.

Over 90% of the bacteria in the microbiome belong to two phyla (major divisions in classification), Bacteriodetes and Fir-
micutes. Some of the most commonly found genera of bacteria in the microbiome are; Bifidobacterium, Lactobacillus, Bacteroi-
des, Ruminococcus, Clostridium, Escherichia, Streptococcus and Staphylococcus. Various species of the Bifidobacterium, Lacto-
bacillus, Bacteroides and Ruminococcus are generally considered health-promoting, whereas species of Clostridium, Escherichia,
Streptococcus and Staphylococcuss can be pathogenic. Therefore, the balance between the different bacterial species has a
major impact upon our health. If the normal balance is disturbed we have a condition known as dysbiosis, an imbalance between
commensal or harmless microorganisms and pathogenic microorganisms.

Although the major species of bacteria in the microbiome are listed above, over 1000 different species have actually been
detected by analysis of faecal samples. However, any one individual usually only has about 160 of these species in their micro-
biome . Clearly the microbiome is an extremely large and complex association of microorganisms. Therefore, it is important for
our own health and welfare that the activity of the microbiome is directed towards health maintenance and disease avoidance.

The population of microorganisms in the microbiome produces a vast range of products. Fermentation of fibre and protein
by bacteria in the large bowel produces short chain fatty acids, acetate, propionate and butyrate, which act as key sources of
energy for colorectal tissues and maintain tissue integrity. Short chain fatty acids are also absorbed into the bloodstream and
impact immune function and inflammation in tissues such as the lung. However, some protein fermentation products such as am-
monia, phenols and hydrogen sulphide can also be toxic. Bifidobacterium can generate vitamins such as K, B12, Biotin, Folate,
Thiamine ®l. Synthesis of secondary bile acids, important components of lipid transport and turnover in humans, is mediated via
bacteria such as Lactobacillus, Bifidobacterium and Bacteroides. Numerous bioactive lipids are produced by bacteria, including
lipopolysaccharide, a component of the cell wall of gram negative bacteria that can cause tissue inflammation.

In addition to the synthesis of many compounds, the genes in the microbiome allow the production of many enzymes which
our own body cells cannot produce. This supply of extra enzymes influences digestion and health. Indeed, much of the microbial
diversity in the human gastrointestinal tract may be attributed to the spectrum of microbial enzymatic capacity needed to degrade
nutrients, particularly the many forms of complex polysaccharides that are consumed by humans and are not digested in the small
intestine. The Bacteroidetes are specialized in the breakdown of complex plant polysaccharides and so the introduction of plant
derived carbohydrates into the diet would boost populations of Bacteroidetes ©. On the other hand, low levels of Bacteroidetes
in the microbiome are correlated with obesity, which itself may result from a diet low in plant-derived polysaccharides. Bacterial
phytases of the colon degrade phytic acid present in grains, releasing minerals such as calcium, magnesium and phosphate and
making these available to host tissues. Enzymes which degrade mucins help bacteria meet their energy needs and assist in the
normal turnover of the mucus barrier lining the gastrointestinal tract "\,

An important characteristic of the microbiome is the great diversity among individuals. This is much greater than the ge-
nomic variation of the body. Individual humans are about 99.9% identical to one another in terms of their host genome, but can
be 80-90% different from one another in terms of the gastrointestinal microbiome. This suggests that exploiting the variation con-
tained within the microbiome will be much more fruitful in personalized medicine than the use of an individual patient's genetic
data that targets the relatively constant host genome &,

Development of the Microbiome

In view of the multiple effects of the microbiome in health and disease, it is important that a beneficial microbiome is rapidly
established in the young infant. Although gastrointestinal bacterial colonization begins when a foetus is in the lower uterus, an
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infant's microbiome is only fully established after birth.

A major factor contributing to the variation in the infant microbiome is the mode of delivery at birth. Infants born vaginally
have a microbiome very similar to that of their mother’s vaginal and faecal microflora. This occurs through vertical transfer of the
vaginal-perianal microbes of the mother as the infant passes through the birth canal. For vaginally-born infants, Lactobacillus,
Prevotella, or Sneathia spp. dominates the microbiome but within months there is a greater distribution of Bifidobacterium and
Bacteroides .

In contrast, the microbiome of an infant born by caesarean section comprises bacteria transferred horizontally from the
mother’s and others’ skin surfaces and, to a lesser extent, the place of birth. This tends to result in an infant microbiome dominat-
ed by Staphylococcus, Corynebacteria, and Propionibacterium spp. with lower proportions of Bifidobacteria and Bacteroides spp.

These differences in initial new-born microbiomes may have important health consequences since the genera Bifidobacte-
rium and Lactobacillus are considered to be health protective whereas some Staphylococcus and Clostridium spp. have patho-
genic potential.

In addition to differences in bacterial genera, the intestinal microbiome of infants born surgically shows less diversity com-
pared to vaginally delivered infants. This is potentially important since, in general, increased diversity of microbes within the
gastrointestinal tract is considered protective, while low diversity has been linked to a variety of human diseases, including inflam-
matory bowel disease and obesity. Thus, delivery mode appears to be an important factor in the development of the infant mi-
crobiome, since surgically delivered infants miss the unique opportunity to be inculcated with their mother’s vaginal microbiome
via the birth canal.

The microbiome starts to assemble immediately after birth, and during the first year of life, the infant diet is one of the most
important factors that shape the microbiome. The influence of diet on microbiome development is clearly illustrated in infants
with different feeding routines, namely breast milk feeding and formula feeding. Breast milk feeding promotes infant health by
guiding the proper assembly and activity of the gut microbiome 1°. This is an important benefit from breast milk since inadequate
colonization during early childhood may lead to dysbiosis (or an imbalance between commensal and pathogenic organisms) which
may increase susceptibility to a variety of immune-related pathogenic states .

The benefit of breast feeding is related to the quality of human milk which contains proteins, fats, carbohydrates and vari-

ous immunoglobulins. The carbohydrate fraction of human milk comprises between 5 and 23 g/L of specific oligosaccharides
containing a lactose-reducing end elongated with fucosylated and/or sialylated N-acetyllactosamine units. The human milk oligo-
saccharides (HMO) are the third most abundant components in milk after lactose and lipids and they are composed of various
monosaccharides namely, glucose, galactose, fucose, N-acetylneuraminic acid and N-acetylglucosamine 11,
Infants lack the enzymes necessary to digest HMO so most reach the colon unmodified where they can influence the development
of the microbiome. In the colon they are fermented, mainly by Bifidobacterium and Bacteriodes species, to produce short-chain
fatty acids. Only a few Bifidobacterium and Bacteroides species can use HMO as the sole carbon source. Therefore, HMOs have
a clear prebiotic effect by selectively stimulating the development of a Bifidobacterium-rich and Bacteriodes-rich microbiome.

In addition, HMO is also considered as anti-adhesive antimicrobials 2. To colonize or invade host cells most bacterial, viral
or protozoan pathogens need to adhere to carbohydrate structures or receptors on the cells of the gastrointestinal tract. Various
HMO resemble these receptor structures and act as decoys when the pathogenic microorganisms bind to the HMO instead of the
cells of the gastrointestinal tract. This reduces the risk of viral or bacterial infections since the pathogens are excreted together
with the undigested HMO.

Formula-fed infants lack the benefits of HMO and exhibit a microbiome with a significant presence of species of Staphy-
lococcus, anaerobic Streptococcus, and Clostridium in addition to Bifidobacterium. Some studies have shown that exclusively
formula-fed infants are more often colonized with E. coli, C. difficile, B. fragilis group, and Lactobacilli than those that are exclu-
sively breast-fed.

Recently, milk formulas have been improved, notably by the inclusion of some HMO, which makes it possible for a formula-
fed infant to establish a Bifidobacterium-rich microbiome. However, compared with breast-fed infants, formula-fed infants still
have distinctive features of their microbiome such as the over representation of C. difficile 3,

During lactation, the microbiome is predominantly comprised of Bifidobacterium. At the onset of the weaning period, with
the introduction of solid foods and the continuation of breast milk feeding, an adult-type complex microbiome dominated by the
phyla Bacteroidetes and Firmicutes becomes established. At about three years of age humans acquire a stable microbiome domi-
nated by Bacteroides, Prevotella, and other Firmicutes.

In a normal, healthy individual, the gastrointestinal tract has a microbiome populated by a diverse array of microorganisms
which display immune homeostasis marked by oral tolerance to commensal bacteria and benign antigens. The microbiome in
adults is relatively stable from 20 to 75 years old. In elderly people the microbiome changes. Though both Bacteroidetes and
Firmicutes are dominant in the adult and elderly microbiome, distinct changes occur in the Firmicutes subgroups, with multiple

RR: J Microbiol Biotechnol | Volume 7 | Issue 2 | May, 2018 3



Research & Reviews: Journal of Microbiology and Biotechnology e-ISSN:2320-3528
p-ISSN:2347-2286

members in this phylum decreasing in number with increasing age. Conversely, there is an increase in the proportions of faculta-
tive anaerobes, such as Staphylococcus and Bacillus, and Proteobacteria such as E. coli in older age. Bifidobacteria decrease in
the elderly, a strain considered to be an important probiotic with functions in maintaining microbiome homeostasis and prevent-
ing pathogenic infection.

Impact of Diet on the Microbiome

In humans, diet plays a primary role in generating compositional change and diversity in the microbiome as dietary pat-
terns progress over the first three years of life. Major shifts in the taxonomic groups of the microbiome have been observed with
changes in diet such as weaning to solid foods. The introduction of table food to the breast-fed infant causes a rapid rise in the
number of enterobacteria and enterococci, followed by progressive colonization by Bacteroides spp., Clostridium, and anaerobic
Streptococcus. In formula-fed infants, however, the transition to solid food does not have as great an impact on gastrointestinal
flora. As the amount of solid food in the diet increases, the bacterial flora of both breast- and formula-fed babies approach that of
adults with a co-dominance of Bacteroidetes and Firmicutes and a more stable community composition 4. Dietary alterations
can induce large, temporary microbial shifts within 24 h 15!, Therefore, it is important that an appropriate diet is available through-
out life to ensure adequate development and maintenance of the microbiome.

In the adult the microbiome has the ability to breakdown plant polysaccharides and xenobiotic compounds as well as vitamin
biosynthesis. The Bacteroidetes are specialized in the breakdown of complex plant polysaccharides and so the introduction of
plant derived carbohydrates into the diet would boost populations of Bacteroidetes.

Consistent with these observations, low levels of Bacteroidetes in the microbiome are correlated with obesity, which itself
may result from a diet low in plant-derived polysaccharides. Thus, together these results further support the notion that a diet high
in plant material promotes a microbial community structure and metabolite production that is beneficial to the human host 14,

Short-term consumption of diets composed entirely of animal or plant products rapidly alter the microbiome. A diet based
on foods of animal origin increased the abundance of bile-tolerant microorganisms (Alistipes, Bilophila and Bacteroides) and de-
creased the levels of Firmicutes that metabolize dietary plant polysaccharides (Roseburia, Eubacterium rectale and Ruminococ-
cus bromii). In a study of 98 individuals there was an association between Bacteroides enterotypes and high animal fat or protein
diets, while the Prevotella enterotype was associated with a high carbohydrate diet [*6.. A high-saturated fat diet seems to increase
counts of total anaerobic microflora and the relative abundance of Bacteroides and Bilophila 5. Microbial activity mirrored dif-
ferences between herbivorous and carnivorous mammals, reflecting the comparison of carbohydrate and protein fermentation.
These results demonstrated that the microbiome rapidly responds to an altered diet.

Prebiotics are interesting candidates to support the microbiome. These are non-digestible food ingredients that have a
beneficial effect on the microbiome, through their selective metabolism in the gastrointestinal tract [*”. As discussed above HMO
act as prebiotics and are not utilised for growth of the body but play an important role in establishing an effective microbiome in
infants.

Prebiotics have an enormous potential for modifying the microbiome 8. Fruit, vegetables, cereals, and other edible plants
are sources of carbohydrates constituting potential prebiotics. There is a wide range of commercially produced prebiotics such
as; beta-glucans, cyclodextrins, fructooligosaccharides and inulin, galactooligosaccharides, lactulose and maltooligosaccharides.
The prebiotics can selectively support the growth of gastrointestinal bacteria, promote immune functions and show anti-viral activ-
ity. Some of them are able to promote mineral absorption and regulate metabolism.

Supporting the microbiome is another and possibly neglected aspect of human nutrition. Generally good nutrition is directed
towards fulfilling requirements for protein, energy, vitamins and minerals in terms of growth of the body. However, nutrition also
now needs to be directed towards efficient management of the microbiome as this has an overriding effect upon health main-
tenance and disease avoidance. In the future we need to ensure that nutrition supplies nutrients for the human body and also
supplies adequate nutrients for the microbiome.

Functions of the Microbiome

Starting from birth the gastrointestinal microbiome is of fundamental importance for human and animal health because
it helps in maintaining homeostasis of the gastrointestinal tract. The microbiome serves as a barrier against the proliferation of
pathogenic microorganisms. It plays an important role in the digestion and metabolism of colostrum, breast milk, formula, and
weaning foods in infants, and a wide variety of foods in adults. It is also active in the breakdown of toxins and drugs, in vitamin
synthesis and in ion absorption. The microbiome produces immunomodulatory metabolites such as short-chain fatty acids and
is important in maintaining the immune system including tolerance to food antigens. Short chain fatty acid such as butyrate,
propionate, and acetate also act as a major energy source for intestinal epithelial cells and may therefore strengthen the mucosal
barrier.

Moreover, the gastrointestinal microbiome allows the synthesis of beneficial nutrients such as vitamins ®. It is also involved
in protein catabolism. The microbiome in the colon is a site of heavy proteolytic activity since it receives around 12-18 g proteins
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every day. The proteolytic activity in colon has been mainly attributed to the genera Bacteroides, Clostridium, Propionibacterium,
Fusobacterium, Streptococcus, and Lactobacillus .. As previously discussed enzymes from the microbiome also improves energy
harvest from dietary components with low inherent potential such as complex carbohydrates and phytic acid.

The microbiome has profound effects on the development and physiology of the host immune system in early life and affects health
and disease in later life. The development of a microbiome is necessary for normal immune system development, as indicated
by the loss of immune function in germ-free mice 2%, Several of the metabolites produced by the microbiome also stimulate
the neuroendocrine cells in the gastrointestinal tract and therefore, the microbiome plays an important role in the endocrine
regulation of gastrointestinal functionality. Therefore, the microbiome contributes to the regulation of the host homeostasis by
contributing to optimal digestion and absorption of nutrients, regulation of energy metabolism, prevention of mucosal infections,
modulation of the immune system and endocrine regulation 4.

Numerous diseases in both adults and infants have links to the microbiome, including stomach cancer, mucosa associated
lymphoid tissue lymphoma, inflammatory bowel disease, obesity and necrotizing enterocolitis. Disruption of the microbiome in
young mice leads to long-term changes in visceral pain perception, characteristic of stress-related disorders such as irritable
bowel syndrome 22,

Various studies across different animal species have reported changes in microbial communities in acute and chronic gas-
trointestinal diseases. The most commonly observed changes are decreases in the bacterial phyla Firmicutes (i.e., Lachnospira-
ceae, Ruminococcaceae, Faecalibacterium) and Bacteroidetes, with concurrent increases in Proteobacteria (e.g., E. coli).

However, it is now evident that the microbiome not only influences events in the gastrointestinal tract but also has a long-
distance effect exerting an influence remote from the gastrointestinal tract as far as the brain. Whilst the ability of the brain to
regulate the function of the gastrointestinal tract has long been recognized, only in the last decade has the bidirectional nature
of this relationship been elucidated. It is now recognised that the microbiome influences the function of the brain and central
nervous system through metabolic, neuroendocrine and immune systems and impacts upon cognitive development 2324,

This has led to a relatively new concept of the presence of a pathway of communication between the gastrointestinal tract
and the brain, modulated by the microbiome. This has given rise to the term “microbiota-gut-brain” axis. This concept attributes
functions to the microbiome to modulate brain plasticity and influence early development of normal social and cognitive behav-
iours such as learning and memory.

Management of the microbiome by dietary means now has the potential to improve both the physical and emotional well-
being in humans. It also offers the possibility as a treatment for conditions as diverse as irritable bowel syndrome, anxiety, de-
pression and Alzheimer's disease ?°.

Another important function of the microbiome may be in cancer therapy. Bacteria are known to modulate the anti-tumour
efficacy of various chemotherapeutic and immunotherapeutic agents ?°. In a clinical trial, patients that responded to an anti-
cancer therapy had a high abundance of Faecalibacterium genus in the microbiome. Non-responding patients however displayed
a high abundance of Bacteriodales in their microbiome 7. These results suggest that the microbiome may modulate responses
to an anti-cancer immunotherapy in melanoma patients. There may well be a therapeutic advantage in modulating the microbi-
ome of patients receiving an ant-cancer immunotherapy.

Characteristics of a Healthy Microbiome

Obviously, a healthy microbiome is desirable but definition and measurement of health is difficult. Commonly health is de-
fined as the absence of disease. Also, although many studies of the microbiome focus on disease, a better understanding of the
healthy microbiome would it help to develop new microbiome diagnostics and therapeutics .,

Enrichment of the infant microbiome in species such as Bacteroides, Parabacteroides, Clostridium, Lactobacillus, Bifidobac-
terium, and Faecalibacterium prausnitzii are proven determinants of a healthy microbiome. Once established, these are the main
producers of short chain fatty acids which are an important source of energy from non-digestible carbohydrates. Many plant foods
are rich in non-digestible carbohydrates so the microbiome plays an important role in helping utilization of these food compo-
nents. The short chain fatty acids are valuable compounds as they are immunomodulatory, inhibit common pathogens, and may
possess tumour-suppressive properties. Development of the microbiome is an essential requirement for immune system educa-
tion and the establishment of these beneficial genera early in life promotes immune tolerance and can consequently attenuate or
abrogate autoimmune diseases 28,

An important parameter of a healthy microbiome is stability which incorporates resistance and resilience ?°\. Stability de-
pends upon the ability of the microbiome to resist change in response to stress (resistance) or to return to an equilibrium state fol-
lowing a stress-related perturbation (resilience). For example, a healthy microbiome has the ability to resist perturbations due to
the entry of a pathogen, alteration of the diet, or administration of medication such as antibiotics and to return to a healthy state
afterwards. After an antibiotic treatment, the healthy microbiome generally recovers to its previous state after a few weeks. The
ability of the human microbiome to remain stable in the face of continuous and potentially disruptive perturbations is important
for health maintenance and disease avoidance.
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High diversity of the population in the microbiome has also been generally associated with good health. Conversely, a rela-
tive lack of diversity is apparent in the microbiome in diseases ranging from obesity to inflammatory bowel disease and types 1
and 2 diabetes.

Antibiotics also cause a drastic reduction in the diversity of the microbiome which will impair its ability to exclude pathogens.
Disruption of the microbiome by antibiotics is frequently associated with diarrhoea, altered gastrointestinal physiology, and abnor-
mal carbohydrate metabolism. This can put an individual at risk for developing infections from an opportunistic pathogen, such
as C. difficile or C. albicans. Antibiotic use in low-birth-weight neonates can contribute to the onset of necrotizing enterocolitis,
a disease in which microbial dysbiosis is considered to directly contribute to disease onset. Likewise, epidemiologic studies link
multiple courses of antibiotics in early childhood with increased risk of Crohn’s disease.

From animal studies, it is known that different microbial populations can dramatically affect susceptibility to chronic inflam-
mation. The presence of microorganisms that convert compounds in the gastrointestinal lumen into potential carcinogens is an
increased risk for cancer and can lead to adverse responses to chemotherapeutic agents. The lack of sufficient diversity in the
microbiome appears to diminish its ability to withstand perturbation. Individuals with a reduced diversity in the microbiome may
be more susceptible to developing different diseases 2°.,

Thus, the resistance of a microbiome to stress and perturbation and its ability to recover to a healthy functional profile afterwards
are among the potential properties that characterize a healthy microbiome.

If the universal features of the healthy microbiome could be defined, then their absence may be a useful predictor of disease
onset. The complete microbiome could be monitored for health maintenance or departures into disease. This would make it pos-
sible to determine the appropriate interventions to restore health after dysbiosis, ranging from dietary or lifestyle changes through
prebiotics, probiotics or microbially targeted pharmaceuticals 22,

CONCLUSIONS

The microbiome is a very large population of microorganisms located in the gastrointestinal tract, predominantly in the
colon. The number of bacteria in the microbiome is probably greater than the total number of cells in the body and plays an im-
portant role in health maintenance and disease avoidance.

The microbiome develops in the human infant immediately after birth and is initially influenced by the birth process, vaginal
birth or caesarean section. Further development of the microbiome depends upon the nutrition of the infant. Breast feeding sup-
plies HMO which help establish an effective microbiome. Formula fed infants lack this advantage.

The microbiome has multiple effects and interacts with immune regulation, the endocrine system, the brain and the central
nervous system (Figure 1).

Anxiety-Depression Learning

Autism { BRAIN Y Memory

Central Nervous System

Mode of Bi{h Irritable Bowel Syndrome

Health Maintenance
GASTROINTE

Breast-fed ‘(,HMUI"

“ROBIOME

Disease Avoidance

Nutrition

Antibiotics Pathogens Diabetés Digestion of food

Figure 1: Gastrointestinal microbiome and gut-brain-axis.

This has led to the development of concept of microbiome-gut-brain axis. Evidence suggests the microbiome plays a key role
in brain functioning, ranging from cognition to anxiety, mood, and sociability. It is remarkable that the microbiome can exert effects
in locations remote from the gastrointestinal tract. Thus, the microbiome is a target for therapeutic intervention for several health
problems, ranging from various gastrointestinal disorders, a range of developmental indices from cognition to anxiety, mood, and
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sociability and cancer therapy.

Dietary components such as protein, fats, digestible and non-digestible carbohydrates, prebiotics, and polyphenols all in-

duce shifts in the microbiome. The close relationship between diet, the microbiome, and health suggests that dietary modulation
of the microbiome may guide the formation of health promoting microbiomes that could then be maintained throughout the lifes-
pan. Therefore, nutrition also now needs to be directed towards efficient management of the microbiome. In the future we need
to consider nutrition as a supply of nutrients for the human body and also as a supply of nutrients for the microbiome.

It is well established that an optimal functioning of the microbiome will make a major improvement in health maintenance

and disease avoidance.
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