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The gut micro flora plays vital role in health status of the host. Human physiology and 

nutrition are greatly affected by the majority of microbes living in the gut. The most 

dominant phyla, making up to 90 percent of the total microbial population in humans are 

Bacteroidetes and Firmicutes followed by Actinobacteria Proteobacteria, Tenericutes, and 

Verrucomicrobia. The multiplication and establishment of gut microbiome begins at birth, 

but the alteration in composition of the microbial community depends upon various factors 

such as the age, gender, genetic composition, geographic location, environmental factors, 

diet and health status of an individual. Therefore it is of prior importance to study and 

understand the composition of gut microbiome of different ethnic groups. The gut flora has 

a major role in maintaining the homeostasis by controlling nutrient metabolism, metabolic 

pathways, synthesis and excretion of vitamins, preventing colonization by pathogens, 

maintenance of intestinal epithelial barrier function and development of systematic and 

mucosal immune response. It has been suggested that decrease in density, diversity and 

activity of gut microbiota (or dysbiosis) can lead to many diseases such as obesity and 

metabolic syndrome, cancer promotion, inflammatory bowel disease (IBD), encompassing 

ulcerative colitis (UC) and Crohn‘s disease (CD), irritable bowel syndrome such as 

constipation, diarrhoea and bloating. The latest researches has revealed new candidate 

organisms among healthy gut microbiota that are beneficial to gut health and new 

strategies and individual based therapeutic treatments for correcting dysbiosis occurring in 

different disease conditions. Constructive modulation of gut microbiota through potential 

therapeutics such as prebiotics, probiotics, antibiotics and faecal transplantation are a 

promising clinical target for many diseases including obesity, diabetes, cardiovascular 

disease, inflammatory bowel disease, allergy and protective immunity against infections. 

Many national and international projects and companies are focussed on studying the 

microbial communities and the specific roles they play in human health and diseases.  
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Introduction 
 

The gastrointestinal tract of human is a unique 

ecosystem of many microbes residing in a gut 

which greatly influence the metabolism and 

health of the host. Gut microbiota regulates 

the host immune responses. (1) A complex 

relationship occurs between the gut 

microbiome and its host, and starting from the 

birth many factors play role in shaping the 

composition and alterations in gut 

microbiome of the host. (2). More than 50 

bacterial phyla have been described, but the 

human gut microbiota is specifically 

dominated by two of them i.e. Bacteroidetes 

and Firmicutes while Actinobacteria, 

Cyanobacteria, Fusobacteria, Proteobacteria 

and Verrucomicrobia are present in minor 

amounts. (3) Role of indigenous gut 

microbiome in health and nutrition can be 

understood by various researches on diverse 

human population. (4)  

 

Recently the interest in gut microbiota mainly 

the bacterial community has been increased, 

as to see how crucial these microbes play role 

in regulating appropriate immune function 

and wellbeing and susceptibility to 

inflammatory and infectious diseases. (5) It 

has been found that gut microbiota has a 

major function of balancing the homeostasis 

by regulating of metabolic pathways, nutrient 

metabolism and production of vitamins. (6) It 

has been suggested through many researches 

that dysbiosis in the gut microflora occurs in 

various disease conditions such as obesity and 

diabetes. (7) In recent years the change in 

lifestyle and influence of western culture has 

led to higher incidence of metabolic diseases 

such as obesity, coronary heart diseases, 

diabetes etc. Beside these India is still facing 

a problem of higher percent of under 

nourishment. Changes in gut microflora have 

been found to be an important factor for the 

occurrence of all these diseases (8). 

 

Development of gut microbiome 

 

Microbes are present at various sites in human 

body and act specifically to the targeted sites, 

of these sites gastrointestinal tract is most 

densely populated. The human gut consists 

micro-eukaryotic, bacterial and viral 

populations. (9) At the time of birth 

colonization of microbiota occurs in the gut of 

the baby, and mother plays a role as a source 

of inoculum for these bacteria through birth 

canal and through breast milk.(10) The 

composition of gut microbiota undergo varied 

changes greatly until it get stabilized at the 

end of first year of life. (11)  

 

The gut microbiota is found to reach an adult 

state at around 3 years of age. (12). After the 

colonization, the alteration and succession of 

gut microbiota depends upon many factors 

such as age, gender, geographical indication, 

diet, genetic composition and health status of 

the host.(13) Use of antibiotics, has also been 

recently recognized as one of the major cause 

which greatly disturbs the composition of the 

normal flora.  

 

Major phyla present in the gut include 

Actinobacteria, Bacteroidetes, Firmicutes, 

Proteobacteria, Tenericutes and 

Verrucomicrobia. Out of which dominant 

phyla making up more than 90 percent of the 

total microbial population in both mice and 

humans are Bacteroidetes and Firmicutes. 

(14) Ley et al., has reported that there occurs 

two levels i.e. ‗top-down‘ and ‗bottom-up‘ 

selection on which the structure of microbial 

community is developed in the human gut. 

The top-down selection is dependent upon 

host driven factors that help distantly related 

microbial members to emerge and evolve 

convergently for functionally similar genes 

while bottom-up selection method helps 

microbes to perform specialize specific 

function within the gut (15). 
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Major function of gut microbiome in 

human body 

 

The relationship between gut microbiome and 

humans is ―Symbiotic‖ in nature that is they 

live together for mutually benefiting each 

other. The gut microbiome plays an important 

role in homeostasis by controlling the 

metabolic pathways, nutrient metabolism, 

promoting production of vitamins and 

preventing colonization by pathogens (16). 

Beside these basic functions, it has also been 

reported that gut microbiota are essential in 

the development and maturation of mucosal 

and systemic immune responses and for 

maintaining the integrity of intestinal 

epithelial tissues barrier function (16). On the 

other hand ―Dysbiosis‖ is the abnormal 

microbial colonization of the intestine, where 

a change in Quantity and Quality of micro 

flora occurs. With the disturbance in 

equilibrium of intestinal microflora, the 

optimal health effects are lost and it has been 

suggested through many studies that dysbiosis 

can significantly lead to pathological 

intestinal conditions such as obesity (15, 17) 

and malnutrition (18), systematic diseases 

such as diabetes (19) and chronic inflam-

matory diseases such as inflammatory bowel 

disease (IBD), encompassing ulcerative colitis 

(UC) and Crohn‘s disease (CD) (20).  

 

As the volume of data relating to the 

composition and functional potential of the 

gut microbiota increases, the number of 

diseases that have been linked with alterations 

in our gut microbial community has also 

expanded. Many studies suggest the change in 

the ratio of Firmicutes / Bacteroidetes in 

various physiological conditions such as 

ageing and diabetes (21). The balance of 

beneficial and harmful effect of microbial 

population depends upon their composition, 

diversity, distribution and metabolic output as 

shown in Figure 1. (22). 

 

Role of gut microbiota in prevention of 

different diseases 

 

Comparison of diversity of microbial 

population between different individuals led 

to identify their association with different 

pathological conditions. Many such studies 

describe associations between 

presence/absence of a range of microbial 

species and the disease, and furthermore it 

helps to build hypothesis linking dysbiosis 

and the etiology of various pathological 

conditions (23).  

 

Irritable bowel syndrome  

 

Irritable bowel syndrome is a functional 

disorder characterized by symptoms such as 

abdominal discomfort or pain, bloating, 

flatulence and altered bowel habits. Though 

IBD is not a serious illness, but 10-15% of 

adult population get afflicted to the disorder 

which leads to higher economic burden and 

lowering the quality of life of infected people 

(24). Changes in the bowel habit is due to 

imbalance of autonomic system in the gut 

whereas the abdominal discomfort and pain 

are said to involve disturbance in the inter 

communication between the gut and the brain 

known as ―gut-brain axis‖ (25). Changes in 

specific species of microbial diversity differ 

from study to study but some broad patterns 

are evolved. This includes the loss of 

community diversity, increasing the amount 

of Gammaproteobacteria, and on the other 

hand decreased relative abundance of several 

texas within the phylum Fermicutes (26). In 

addition to it, other species with decreased 

diversity in IBD includes Bacteroides fragilis, 

B. vulgatus, Ruminococcus albus, R. callidus, 

and R. bromii, which were found to be 5 

times more in the healthy subjects than the 

patients with IBD (27). A high Firmicutes: 

Bacteroides ratio is found in some IBS 

patients and appears to correlate with 

depression and anxiety (28). 
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Obesity and metabolic diseases 

 

Obesity is a widely prevalent disease which 

gives rise to other metabolic abnormalities 

collectively called as metabolic syndrome. 

The indicators of these metabolic 

abnormalities are hyperglycemia, 

hyperlipidemia, insulin resistance, obesity and 

liver steatosis (29). Genetic susceptibility and 

environmental factors are thought to be the 

cause of development of obesity. Recently gut 

microbiota is being increasingly recognized as 

important factor that connects gene, 

environment and immune system (30). 

Increment in the ratio of Firmicutes to 

Bacteroidetes and reduction in the other 

bacterial diversity of the gut microbiota was 

found to be associated with both obesity and 

diet induced mouse models (31, 32). One such 

study conducted to analyze the association 

between gut microbiota and obesity in which 

transplantation of human fecal microbiota 

from obese (Ob) and lean (Ln) twins to germ 

free mice was done which showed that the gut 

microbiota modulates host metabolism to 

regulate body mass. Mice receiving fecal 

microbiota from the obese twins had found to 

have increased total and fat mass and 

increased susceptibility to obesity associated 

metabolic disorder, contrary to it such 

phenotypes were not found in mice recieveng 

fecal microbiota from lean twin(33). 

Altogether, the gut microbiota has substantial 

effect on metabolic disturbances by 

influencing the efficacy of energy harvest and 

storage, low-grade inflammation and 

browning of adipose tissues (34) 

 

Allergic diseases 
 

Allergic diseases are affecting about half of 

the population worldwide and therefore it is a 

global health concern. Most of the common 

allergic diseases prevalent are atopic eczema, 

food allergy, asthma and allergic rhino 

conjunctivitis (35). Beside Genetic and 

environmental factors, one of the major 

factors for development of allergic disease is 

found to be the dysbiosis of gut microbiota. In 

one such study conducted reduced gut 

microbial diversity in infants was found to be 

associated with increased allergic risk in 

school age children (36). Moreover, another 

recent study has shown that lower abundance 

of bacteria such as Akkermansia, 

Bifidobacterium and Faecalibacterium 

including higher concentration of particular 

fungi including a Candida and Rhodotorula 

may predispose to allergy susceptibility in 

neonates by influencing T-cell differentiation 

(37). Various factors suggesting individual 

difference in microbial diversity and risk of 

developing allergic disease in infants are 

caesarean section, diet, antibiotic treatment, 

biodiversity in homes (mattresses, dust, etc.), 

in surrounding environment, and in family 

members (skin, mouth, and gut) (38). 

 

The Canadian Healthy Infant Longitudinal 

Development (CHILD) Study reported a 

transient alteration in the population of gut 

microbiota during the first 100 days life 

period in infants at risk of asthma, which is 

found to be associated with reduced fecal 

acetate concentrations (39). 

 

Host immunity and homeostasis toward 

infectious diseases 
 

In the maintenance of optimum immune 

function gut microbiota plays an important 

role. In addition to it both gut microbiota and 

immune system are closely related to many 

physiological processes such as metabolism, 

behaviour, digestive, respiratory and nervous 

system (40). Manipulation in gut microbial 

community either through antibiotics or 

microbiota reconstitution provides key 

evidences for influential role of gut 

microbiota in maintaining the immune 

homeostasis (41). In a recent research, it was 

reported that optimum population of erythroid 

cells enriched in tha neonates plays a major 

role in maintenance of immunoregulatory 



Int.J.Curr.Microbiol.App.Sci (2019) 8(8): 1586-1599 

1590 

 

environment and prevents mucosal 

inflammation following the colonization with 

the microbiota (42) in an another study 

conducted it was found that from fibre 

fermentation the gut microbiota produces 

short chain fatty acid such as propionate, 

butyrate etc. which keeps the gut healthy and 

also have a role as anti inflammatory (43). 

Neutrophil plays a crucial role in the 

maintenance of innate immunity system and 

have a significant effect of microbiota in the 

regulation of Neutrophils has been found. A 

study found that impaired superoxide anion 

and nitric oxide generation was present in 

peripheral blood neutrophill of Germ Free rats 

with decreased phagocytic functions (44).  
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Figure.1 Effect of gut microbial community on healh. Most of the activities of microflora is 

shown in the middle column as a function of whole community rather than being specific to a 

single phyla. The balance of the community and its net metabolic output determines its beneficial 

and harmful effects on health as shown in right and left columns respectively 
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Tabel.1 Effects of probiotics or carbohydrates with prebiotic properties in patients with 

overweight or metabolic disease (73) 

 

 

Microbiota 

Probiotics: 

 

Study design 

 

 n 

 

 

Duration 
Treatment 

 

 Results 

Lactobacillus 

acidophilus (68) 

 
 

 

Lactobacillus 

gasseri (69) 

 

 
 

 Prebiotics:  

 

 

 

 

 

 

 

Arabinoxylan (70) 

 

 

 

 

 

 

 

Inulin-type 

fructans(71) 

 
 

 

 

 

 

 

 

 

 
 

 

 
Inulin-type 

fructans (72) 
 

Randomized, 

double-blind 

intervention 

 

 

 

 

 

 

Randomized, 

multicenter, 

double-blind, 

placebo-controlled 

intervention 

 

 

 

 
Randomized cross-

over intervention 

 

 

 

 

 

 

Randomized, 

double-blind, 

placebo-controlled 

intervention 

 

 

 

 

 

 

 

 

 
 

 

Randomized, 

double-blind, 

cross-over 

intervention 

 

45 individuals 

with glucose 

intolerance 

and/or diabetes 

mellitus 

 

 

 

 
87 individuals 

with a BMI of 

24.2–37.0 kg/m2 

and visceral 

adiposity 

 

 

 

15 individuals 

with type 2 

diabetes mellitus 

 

 

 

 

 
 

 

48 individuals 

with overweight 

or obesity 

 

 

 

 

 

 

 
 

 
 

7 overweight 

patients with 

nonalcoholic 

steatohepatitis 

 
 

 4 weeks 

 

 

 

 

 

 

 

 

12 weeks 

 

 

 

 

 

 

 
5 weeks 

 

 

 

 

 

 
 
 
 

12 week 

 

 

 

 

 

 

 

 

 

 
 

 
 

8 weeks 

 

Probiotic (1010 
CFU/day) versus 

SiO
2
/lactose (placebo) 

 

 

 

 

 
Fermented milk with 

probiotics (1011 

CFU/day) or without 

probiotics (placebo) 

 

 

 

 

 

Bread and muffins 

with 14% 

arabinoxylan (0% for 

placebo) 

 

 

 

 

 
21 g per day 

oligofructose or 

maltodextrin (placebo) 

 

 

 

 

 

 

 

 

 
 

16 g per day 

oligofructose or 

maltodextrine 

(placebo)  

 
 

Systemic inflammation 

upon LPS challenge in 

both groups 

Probiotics prevented loss 

of insulin sensitivity 

observed in the placebo 

group 

 

 

Reduced body weight, 

BMI, waist and hip 

circumference, visceral 

and subcutaneous fat 

mass in the probiotic 

versus the placebo group 

 

 
Reduced fasting 

glycemia, post-OGTT 

glycemia and 

insulinemia 

No difference in blood 

lipid level, fat mass and 

blood pressure 

 

 

Reduced body weight, 

caloric intake, GIP 

No difference in fasting 

glucose, insulin, ghrelin, 

GLP-1, PYY and leptin 

levels 

After MTT: reduced 

glycemia, insulin, 

AUCfor ghrelin, AUC 

for PYY, AUC for leptin, 

but no difference in GIP 

level or AUC for GLP-1 

 

 

 
Reduced aspartate 

aminotransferase and 

fasting insulin levels 

No difference in levels of 

triglycerides, fasting 

glucose and cholesterol 



Int.J.Curr.Microbiol.App.Sci (2019) 8(8): 1586-1599 

1592 

 

The diversity of gut microbiota is greatly 

affected by the dietary habit. It is 

demonstrated in a study using Germ free mice 

with fecal transplantation of human gut 

microbiota, that moving from low fat, plant 

polysaccharide rich diet to a high fat, high 

sugar diet can alter the population of 

microbiome in one day. This diet alteration 

showed the risk of developing metabolic 

diseases and increased susceptibility to 

infection consequently lowering the immunity 

(45).  

 

Diet and gut microbiota  

 

Dietary habits can have a great impact on gut 

environment affecting gut transit time and pH 

and thus affecting the composition of the 

microbiota. The human intestine does not 

contain enzymes needed to degrade the 

structural polysaccharides present in the plant 

material, and thus it is fermented through 

colonic bacteria for efficient degradation. The 

form of carbohydrate available to the 

microbiota is resistant starch, non starch 

polysaccharide and oligosaccharide (46). 

Fermentation of complex polysachharide 

inthe colon by colonic bacteria results in 

production of short chain fatty acids (SCFA) 

such as acetate, propionate and butyrate in a 

ratio of 3:1:1(47). Some of the observational 

studies have repoted the faecal microbiota 

difference in Vegetarian and omnivores. The 

study found that the fecal microbiota of 

omnivores have an abundance of Clostridium 

cluster (48,49). In another such study a 

western diet containing high sugar and high 

fat was found to be associated with decrease 

in gut microbial diversity, ot the other part an 

agrarian diet rich in fruits and vegetables with 

high fiber content was associated with 

increased bacterial gene richness(50). Several 

studies have been conducted to investigate the 

influence of whole grain breakfast on gut 

microbiota composition. In one such study it 

was reported that consumption of maize-

based whole grain breakfast cereal for 3 

weeks increased the level of Bifidobacterium 

in faeces. Moreover, ratio of 

Lactobacillus/Enterococcus was also 

increased (51). After the consumption of red 

berries increase in Bifidobacterium genus was 

also reported (52). Beside these effects of 

consumption of almond, chickpea and 

soyabean on gut microbiota has been studied 

and found to be positively correlated (53-55). 

But there is limited data available as to access 

the effect of fruits, vegetables, nuts and 

legumes consumption on the composition of 

gut microbiota. 

 

Potential therapies for the modulation of 

the gut microbiota to maintain health 

 

Probiotics 
 

World health organization (WHO) and food 

and agriculture organization (FAO) defined 

probiotics as ‗living microorganisms, which 

when administered in adequate amounts 

confer health benefits on the host‘ (56). Nobel 

laureate Elie Metchnikoff showed the 

longetivity of Bulgarians with the 

consumption of viable Lactobacilli 

containing, milk products which suggested 

that the ingestion of certain microbes could be 

beneficial for health (57). Consumption of 

probiotics can be preventative measure in 

maintaining the healthy and optimum gut 

microflora. Probiotics has been recognized as 

a therapeutic approach to maintain health and 

prevent many diseases such as to modulate 

immunity, treat athereosclerosis and 

arteriosclerosis, cancer, Helicobacter pylori 

infections, improve lactose intolerance, and 

prevent or reduce the effects of atopic 

dermatitis, treat, diarrhoea, and constipation, 

candidiasis, urinary tract infections etc 

(58).Currently probiotics are widely marketed 

as supplementary and functional food such as 

cheese, ice-cream, yogurt, chocolates as well 

as non dairy food products (59). Probiotic 



Int.J.Curr.Microbiol.App.Sci (2019) 8(8): 1586-1599 

1593 

 

plays its role i a body by manipulation of 

intestinal microbial communities, suppression 

of pathogens, stimulation of epithelial cell 

proliferation and differentiation and 

fortification of the intestinal barrier (60). 

Mainly lactic acid producing Lactobacillus 

and Bifidobacteria species are classified under 

probiotics but it was reported that not all the 

probiotics are beneficial in all the 

circumstances. Therefore, a careful selection 

of specific organism for obtaining the desired 

clinical outcome is said to be an effective 

strategy for the treatment of an ailment (61).  

 

Prebiotics 

 

Food and agricultural organization (FAO) has 

defined the prebiotics as ‗non-viable food 

component that confers a health benefit on the 

host associated with modulation of the 

microbiota‘ (62). The most of the studied 

prebiotics till now are Inulin, fructo-

oligosaccharides (FOS) and oligofructose. 

Beside these the other important prebiotics 

found are oligosaccharides, such as xylo-

oligosaccharides (XOS), pectic-

oligosaccharides (POS), cyclodextrins, 

palatinose and OS from pullulan (63). An 

arabinxylan is a hemicellulose that is located 

in a cell wall of plants and has a structural 

role. It is found in both soluble and insoluble 

dietary fiber whereas fructans are found only 

in soluble dietary fibers (64). The prebiotics 

are reported to reduce constipation, foster 

weight gain or loss, maintains blood glucose 

and lipids level and act a anticarcinogenic 

agent (65). Prebiotics induces a selective 

stimulation of the host‘s own beneficial 

microbiota, as prebiotic is substrate that is 

selectively fermented, stimulates the growth 

and activity of the microorganism that are of 

interest and thus leads to desired health effect 

(66). Prebiotic can be included in a diet by the 

consumption of Dietary fiber such as pectin 

(present in apple, strawberries), hemicellulose 

(present in whole grains, leafy vegetables, 

carrot etc) and oligosacaccharides. Protective 

mechanism of prebiotics involves modulation 

of gut microbiota, induction of 

enteroendocrine L cell proliferation, alteration 

in secretion of gut peptides and changes in 

inflammatory response (67). 

 

Faecal microbiota transplantation (FMT) 

 

In the recent years faecal microbiota 

transplantation has made an immense 

progression and has been evolved as an 

effective therapeutic for management of many 

diseases (74). Faecal microbiota 

transplantation is a method in which the 

solution prepared from the faecal material of 

donor is administered directly to the intestine 

of recipient in order to change directly the 

microbial diversity of recipient and induces 

the health benefit (75). FMT is found to be 

not a new concept and it has been used 2000 

years ago by Ge Hong in china to treat severe 

diarrhoea and food poisoning (76). FMT was 

found to be superior to antibiotic treatment in 

treating antibiotic associated recurrent 

Clostridium difficile infections (CDIs) (77). 

Recently number of randomised trials has 

reported the beneficial effect of FMT in the 

treatment of inflammatory bowel disease, 

Obesity and other metabolic diseases. In a 

randomised controlled trial conducted 75 

patients with active UC were included and 

there were randomized with weekly FMT or 

water enema for the period of 6 weeks, and 

found the remission in 24% of patients treated 

with FMT and 5% treated with water as 

control (78). Another study shows that 

microbiota has role to play in management of 

obesity and other metabolic disorders. The 

study found that the colonization of germ free 

mice with faecal microbiota of obese resulted 

in increased adiposity as compared to one that 

was transplanted with lean microbiota (79). 

As far as safety is concerned of FMT, it has 

been found that few subjects enrolled in a 

study have experienced the mild symptoms of 
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dizziness, diarrhoea or fever (80). Many 

efforts are underway to analyze the 

association of gut microbiota in the 

pathophysiology of many other conditions, 

such as liver disease, colorectal cancer, 

oesophageal and gastric adenocarcinoma and 

autism (81). 

 

It is concluded in the recent years our 

knowledge about relationship between the gut 

microbiota and health has been furnished with 

consortium of the Human Microbiome Project 

and Metagenomics of the human intestinal 

tract (MetaHit). Beside this in India Pune 

microbiome project and recently launched the 

Indian human microbiome projects are also 

moving into the direction. The gut microbiota 

diversity and their by products greatly 

influences our metabolism, weight, health and 

immunity. Much of role of overall microbiota 

and health has been established by many 

researches. It is found that manipulation of 

gut flora may be an integral part of weight 

loss programs and different disease 

treatments. Regular consumption of probiotic, 

prebiotic and symbiotic is also an effective 

alternate to maintain healthy gut microbiota. 

Future studies must focus on the mechanisms 

of influence of specific species of microbiota 

in different states of health so that individual 

therapeutic treatment can be done.  
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