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ABSTRACT

حيث  الأرض.  هذه  على  تقريبًا  مكان  كل  في  الميكروبات  توجد 
في  بما  الانسان،  جسم  من  مختلفة  أعضاء  في  الميكروبات  تستوطن 
منطقة  الأعضاء،  تلك  بين  من  والأنف.  والفم  والأمعاء  الجلد  ذلك 
جراثيم  ترتبط  الميكروبات.  من  عدد  أكبر  على  الأمعاء. حيث تحوي 
التغيير  ويؤدي  الجسم،  استقرار  على  بالحفاظ  مباشرًا  ارتباطًا  الأمعاء 
بالذكر  والجدير  للأمراض.  الإنسان  تعريض  إلى  أعدادها  في  الطفيف 
أن دور الميكروبات في الجهاز الهضمي يساهم بشكل مباشر في وزن 
الحياة  نمط  في  التغييرات  ترتبط  الأحيان  بعض  في  أنه  حيث  الجسم. 
باضطراب  العدوى،  أنواع  بعض  لعلاج  الحيوية،  المضادات  تناول  أو 
ارتباط  إلى  العلمية  الدراسات  العديد من  المعوية. تشير  البكتيريا  في 
على  أساسي  بشكل  المراجعة  هذه  تركز  المعوية.  بالميكروبات  السمنة 
المعوية  الميكروبات  على  الحفاظ  في  الصحية  التغذية  مساهمة  كيفية 
مساهمة  مناقشة  تمت  ذلك  من  الأهم  الإنسان.  جسم  داخل  النافعة 

البروبيوتيك والبريبايوتكس في الحفاظ على وزن الجسم الصحي.

Microbes are present almost everywhere on this Earth. 
Humans harbor microbes in various organs, including 
skin, gut, mouth, and nose. Among these, the gut 
region has the highest population of microbes. Gut 
microbiota is directly linked with homeostasis, and a 
minor change in their numbers predisposes humans 
to ailments. Notably, the role of the microbial 
population in the digestive tract directly contributes 
to body weight. Sometimes, lifestyle changes or 
antibiotics intake to manage certain infections are 
associated with disturbance in the gut microflora. 
Several scientific studies allude to the obesity linkage 
with disturbed intestinal microflora. This review 
mainly focuses on how healthy nutrition contributes 
towards maintaining normal flora inside the human 
body. Importantly, the contribution of probiotics and 
prebiotics in maintaining human healthy body weight 
is discussed.
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Normal microbiota refers to the micro-organisms 
colonizing specific organs of the human body and 

contributing toward bodily homeostasis. Importantly, 
a wider microbial diversity has been reported within 
one body organ compared with others.1 The presence 
of microbial population has been reported almost in 
every organ, including the nose, mouth, ears, and so 
on; however, relatively gut has the highest population 
with a broader diversity of microbial population.2 The 
outcome of the interactions between the colonization of 
normal microbiota and the human body has important 
implications. Normal microbiota in humans plays an 
essential role in catabolism and the assimilation of food. 
Therefore, gut microbiota continuously contributes to 
digestion by enzymatically fermenting carbohydrates, 
fatty acid production from complex fats, which is then 
absorbed by the cells of the digestive tract. Besides 
contributing to the digestion process, gut microbiota 
compete with pathogenic microbes besides triggering 
the immune system to kill pathogens.3 Through 
fermentative processes, microbes aids in the digestion 
of food and the absorption of beneficial nutrients.4 It 
has also been observed that some naturally occurring 
microbiota (in the form of opportunistic microbes) 
can cause infection or other host diseases. One such 
disorder is the pathogenic cascade leading to obesity. 
Among several other, one possible reason behind this 
phenomenon may be gut microbiota.5

This review aims to explore microbiota’s role in 
human nutrition and how the disruption in the number 
and species of normal gut flora can lead to obesity. It 
has been divided into 5 parts. It begins with a short 
introduction to normal microbiota in the human 
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body, emphasizing the physiological microbiota of the 
human gut. Secondly, we describe how food can affect 
the number and diversity of gut microbiota. The third 
section presents the impact of gut microbes on human 
metabolism and environments, leading to obesity. A 
comparison of gut microbiota between normal and 
obese individuals is also described in this section. The 
fourth section describes explicitly how bariatric surgery 
can affect normal microbiota. Finally, we put forward 
avenues for further research that could lead to possible 
treatment strategies for obesity.

Gut microbiota. The human gut has a diversity of 
microbes based on the availability of nutrients in a 
particular region. For example, mono, disaccharide, 
and amino acids are abundantly present in the smaller 
intestine, the primary nutrients favoring the growth of 
lactobacilli and proteobacteria.6 Among vertebrates, 
including humans, the microbes start colonizing 
the gut in earlier days. The microbial population 
has been reported to get diversified with antibiotics, 
environments in different regions of the world, and 
feeding, namely, breast versus formula milk. Although 
gut microbiota is highly sensitive and changes in 
health in disease conditions, the newborn’s earlier 3 
years are crucial in defining the gut microflora and 
their diversity.7 To understand the mechanism of how 
microbes, colonize the gut, it is critical to know how 
the human body is exposed to microbes during infancy. 
Infants are exposed to microbes through 2 main 
pathways. The first interaction is during the process 
of delivery through the mother’s vaginal microbial 
population. Importantly, newborns through normal 
delivery are quite different from those delivered through 
cesarean as far as their gut microbiome is concerned.8 
The second interaction is during breastfeeding.9 Thus, 
these 2 mechanisms initiate the primary inhabitancy 
of facultatively anaerobic proteobacteria in the gut. 
These proteobacteria then modify the gut environment 
by changing the concentration of oxygen. This leads 
to other species’ growth, which could colonize the 
gut, such as bacteroides and firmicutes. Eventually, 
many other species find their place and colonize in a 
healthy human gut, forming normal gut microbiota. 
Metagenomics studies of the gut microbiome have 
been crucial in identifying their diversity. The microbial 
communities in the human gut fall into 3 major groups: 
eukaryota, archaea, and bacteria. There are significant 

differences in the microbiota communities, depending 
on the environment of the residing region of the gut.10 
These environmental variations of different areas are 
based on factors like pH and concentration of oxygen. 
The gut is divided into 3 main areas: stomach, small 
intestine, and large intestine. The stomach is likely to 
have a lower number of microbes due to acidic pH. 
However, some microbes can live and survive in this 
environment, such as Streptococcus, Staphylococcus, 
Lactobacillus, Peptostreptococcus, and yeast-like candida. 
Relatively, proportion of the microbial population is 
high in the small intestine compared with stomach. The 
duodenum is mostly colonized by gram-positive bacilli 
and cocci, while enterococcus faecalis, lactobacilli, 
diphtheroid, and candida albicans inhabit the jejunum. 
The pH of the ileum is alkaline, supporting the growth 
of anaerobic gram- negative bacteria. Finally, the large 
intestine has the highest number of microbiota species 
in the human body. The main species of microbiota 
harboring in the large intestine are firmicutes, along 
with a small number of other microbes like bacteroides 
and proteobacteria.11

Gut microbiota and nutrition. The nexus between 
the gut microbiota and nutrition is quite complex 
and an ongoing active area of scientific studies. The 
relationship seems to be cyclic, as it is known that 
gut microbiota plays a key role in human nutrition. 
Diversity and type of nutrients in the gut are regarded 
as significant factors that specify the growth and 
dominance of microbial species commensal.12 Several 
studies have clarified that various types of diet, such 
as vegan, regular, organic, or maternal diets, influence 
gut microbiota.13 Reports also illustrate how gut 
microbiota help in digestion and assimilation of food by 
affecting gene expression in the small intestine. Several 
functional and metabolic activities are influenced by the 
gut’s microbiota, especially the process of nourishing 
the body. The primary function of gut microbiota with 
respect to nutrition is the fermentation of carbohydrates, 
proteins, and synthesis of different vitamins, such as 
vitamin B12 and vitamin K. Furthermore, the human 
gut can digest most of the nutrients in the stomach and 
small intestine. However, the remaining nutrients, such 
as carbohydrates and proteins, which are not digested 
in the stomach or small intestine, will eventually move 
into the large intestine and be digested by the normal 
microbiota present. As a result, the normal microbiota 
present in the large intestine contributes significantly 
to digestion and extraction of calories, ranging from 
10-30% of total ingested nutrients.14

Gut microbiota and carbohydrate fermentation. The 
human gut cannot digest the complex components of 
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carbohydrates, such as polysaccharides. For instance, 
Bacteroidesthetaiotaomicron, residing in the gut 
microbiota, has 226 glycoside hydrolases. Here, gut 
microbiota plays an essential role in the digestion of 
carbohydrates because the human genome encodes 
for 319 human glycoside hydrolases falling into 4 
categories based on their similarity analyses.15 The 
microbiota residing in the distal gut tract can digest 
complex nutrient components, and anaerobic bacteria 
can ferment this component into a variety of products, 
such as short-chain fatty acids, acetate, and butyrate. 
These products can be absorbed easily through the 
colonocytes present in the wall of the colon. The 
short-chain fatty acids play an important function by 
providing mechanical strength to cells, maintaining 
cellular integrity.16

Interestingly, it has been found that short-chain fatty 
acids are important for the lungs, as they protect the 
host against inflammation of the lungs due to allergies. 
Furthermore, they also play a significant role in blood 
circulation and water absorption through the digestive 
tract. Short-chain fatty acids are a vital component of 
machinery for regulating the metabolism of food in 
the body. Furthermore, colonial epithelial cells require 
a sufficient amount of butyrate to carry out metabolic 
activity. It seems that the propionate might play a key 
role in the liver for gluconeogenesis or regulation of 
cholesterol synthesis.16 Acetate has been documented 
as the source of energy for peripheral tissues. It might 
play an important role in the synthesis of cholesterol 
and lipogenesis in the liver.17

Gut microbiota and obesity. An important benefit 
of gut microbiota in the human body is regulating 
energy absorption, providing biomolecules like 
proteins, carbohydrates, and fats. A variety of metabolic 
pathways fulfill caloric requirements and provide 
the necessary energy-providing molecule, mainly the 
adenosine triphosphate. Gut microbiota can affect the 
host’s food metabolism in various ways, and it may 
also contribute to the regulation of energy.18 Recent 
reports also confirm that gut microbiota can decrease 
the expression of the fasting-induced adipocyte factor 
(FIAF), which reduces the level of lipoproteins leading 
to the deposition of fat in adipose tissue.19 Additionally, 
gut microbiota ferments undigested polysaccharides 
to produce monosaccharides and complex fats into 
short-chain fatty acids for easy absorption through the 
intestinal wall. The short-chain fatty acids bind to the 
G protein-coupled 41/43 receptors, which then trigger 
PYY peptide production. Production of Peptide YY 
(PYY) peptide inhibits the gut and gut microbiota’s 
motility, which allows the gut microbiota to ferment 

more polysaccharides.16 As a result, it appears that 
obesity is a consequence of gut microbiota activity 
acquiring and assimilating energy from undigested 
food, leading to the storage of extra calories as fat in the 
adipose tissue. Based on these observations, there is an 
obvious need to identify and classify the gut microbiota 
present in lean and obese people to understand the 
complexity of the association between gut microbiota 
and obesity. To address the above questions, a group of 
researchers found that gut microbiota communities are 
different in obese people than healthy people.

Further studies have demonstrated that the level of 
firmicutes is significantly higher in obese people, along 
with a 50% decrease in the number of bacteroides 
than lean people.20 In the past, animal studies have 
confirmed such findings are corroborating with those 
in humans. Scientific studies have also demonstrated 
the relationship between gut microbiota and obesity in 
humans.21 The findings suggest that changes in the diet 
resulted in an increase of bacteroids and reduction of 
firmicutes.

Gut microbiota after bariatric surgery. The bariatric 
surgery, also known as Roux-en-Y gastric bypass and 
sleeve gastrectomy, strongly impacts gut microbiota. 
This is due to the reason that both procedures involve 
compartmentalizing the stomach and intestine. 
Numerous studies demonstrate the effects of this 
treatment strategy geared towards weight loss and 
controlling obesity had adverse influences on normal 
gut microflora.22 The alterations in gut microbiota 
after Roux-en-Y gastric bypass or sleeve gastrectomy 
contribute to reducing body weight.23 This change 
in gut microbiota can have a negative effect on 
stable weight loss due to the increased abundance of 
Gammaproteobacteria.24 Bariatric surgery benefits in 
weight loss have been ascertained. Its harmful impact 
on the gut microbiome plays a major role in supplying 
essential nutrients for various metabolic pathways. 
Comparing the 2 techniques used in bariatric surgery, 
the sleeve gastrectomy showed stability in the diversity 
of gut microbiota and caused less alteration of gut 
microbiota composition. Notably, the microbial species 
affected by weight loss procedures also differ.25 The study 
also shows that sleeve gastrectomy decreases firmicute, 
whereases Roux-en-gastric increases bacteroides and 
proteobacteria. Differential changes could be due to 
procedural manipulations. After Roux-en-Y gastric 
bypass surgery, the alteration of gut microbiota can 
be attributed to many causes, including reducing acid 
secretion, allowing gram-positive bacteria to survive 
and grow. Another reason for the alteration of gut 
microbiota after Roux-en-Y gastric bypass surgery is an 



149    Saudi Med J 2021; Vol. 42 (2)

Role of the microbiome in human nutrition ... Alhusain

increase in the level of oxygen in the gut, leading to a 
decrease in the number of obligate aerobes and allowing 
the growth of facultative anaerobes.

Further research work. The above studies provide an 
existing state of knowledge related to gut microbiota 
and obesity; however, many questions remain 
unanswered. In future altering, gut microbiota could 
be one of the non-surgical therapeutic methods for 
weight reduction. For example, several studies are 
alluding to the possibility of weight reduction by 
altering gut microbiota through demonstrating the 
impact of antibiotics on gut microbiota.26 The potential 
of probiotics specific toward reducing fat absorption 
from the gut is another unique methodology awaiting 
further translational application.27 Gut control all the 
absorption of nutrients and blocking fatty material 
access toward metabolic cascade through harnessing 
microbes or through alternative methodologies are 
the future consideration towards maintaining healthy 
weight among humans. This is an active area of 
investigation, and technological advancements will help 
overcome obesity rather than utilize surgical procedures 
like bariatric surgery and others.28

In conclusion, the purpose of this review is to compile 
existing knowledge on normal gut microbiota and how 
it affects the human nutritional cycle (Figure 1). Gut 
microbiota comprises the variety of microbes existing 
in the human alimentary canal. Thus, investigating gut 
microbiota and its interactions with different aspects 
of the nutritional cycle such as nutrition, human 
metabolism, and pathogenesis of obesity is of utmost 
importance. Several studies have shown that diet may 

impact the composition of gut microbiota. Additionally, 
gut microbiota contributes to digesting carbohydrates 
that the gut cannot otherwise digest. Thus, it provides 
the gut with fermented carbohydrate products, which 
can be absorbed by epithelial cells, meaning many 
calories are produced from the fermented component in 
the body. This contribution of gut microbiota towards 
generation of extra calories results in the storage of 
excess calories as fat, ultimately linked with obesity. The 
composition of gut microbiota differs in obese people in 
comparison with lean people.

Moreover, bariatric surgeries such as Roux-en-Y 
gastric bypass and sleeve gastrectomy influence the 
composition of gut microbiota. Researchers have noted 
changes in gut microbiota composition after Roux-en-Y 
gastric bypass, but it appears that sleeve gastrectomy 
differentially changes gut microbiota composition. 
The increased number of gammaproteobacteria after 
Roux-en-Y gastric bypass may be responsible for the 
stability of body weight. A modest number of studies 
have examined the impact of different methods for 
reducing obesity, such as modifying gut microbiota 
and several others. A careful review of the existing 
literature suggests that soon, prebiotics and probiotics 
may contribute to a great extent in the treatment of 
obesity since these can have a considerable effect on gut 
microbiota composition.
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