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Abstract 

ABSTRACT 

Over the past few decades, there is an escalating debate on impact of calorie restriction for 

weight loss strategy, disease management and prevention. Henceforth, keeping its importance 

in contemporary era, current study aims to evaluate the impact and association of calorie 

restriction on healthy female physiology, gut microbiota and disease prevention. The human 

gut is occupied by a diverse array of microorganisms which play significant role in human 

heath, physiology and disease prevention. Evidence suggests that dysbiosis in the gut 

microbiota is related to obesity and could contribute to development of obesity related 

metabolic diseases and many other chronic diseases. Therefore, these disorders can be cured 

by positive modulation of gut microbiota. Fourteen well healthy females were recruited for the 

study: their blood and faecal samples were collected before Ramadan and at the end of the 

Ramadan. Blood parameters and anthropometric values were noted to investigate the impact 

of Ramadan 011 human physiology. Effect on gut microbiology was assessed by both culture 

dependent and independent techniques (Metagenomics) using Ilium ina Miseq platform. 

Current study revealed that Ramadan fasting reduces the body weight and improves blood lipid 

profile such as increased "high density lipoprotein", decreased "Total Cholesterol", "Total 

Triglycerides", "Low Density Lipoproteins" and "very Low Density Lipoproteins" . Ramadan 

fasting decreased culturable aerobic bacterial count and increased fungal count. It was also 

found that the gut metagenome is altered considerably after Ramadan. The human faecal 

metagenome exhibited significant changes as in decreased overall bacterial population, 

increased bacterial diversity (alpha diversity) , and promoted evenness within bacterial 

population at species level. Pathogenic bacteria were decreased in F7 while increased in F23 

after the study. Anti-inflammatory bacteria Lactobacillus and Bifidobacterium were favorably 

increased. It is conclusive from the study that Gut Microbiota of Pakistani population is 

dominated by Bacteriodetes and Firmicutes . Calorie Restriction has direct impact on gut 

microbiota in term of diversity (richness, evenness). Also, diet has strong influence on gut 

microbiota. 
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Chapter 1 introduction 

1 Introduction 

Human physiology and physiological variations not merely manifest our genes and epigenomes 

but it is also a reflection of the genes and genetic variations existing in our resident microbiota . 

Substantial and keen interest on gut microbiota have been depicted in the recent years among 

scientific communities (Jandhyala et aI., 2015). This microbiota is present everywhere in and 

at human body. Surprisingly, microbiomes constitute as a minimum 100 times more genes than 

human genomes (Qin et al., 2010). These MO co-exist in a commensal or symbiotic 

relationship with host and are generally harmless (Lozupone et aI. , 2013). Beside bacteria 

many other microbes including fungi , archaea, viruses, and protozoans are also the part of 

human gut microbiota. In humans the most densely populated anatomical region is colon which 

constitutes the most diverse species and number of bacteria (10 11 _10 12 CFUs/ml) as compared 

to other parts (Zhao et aI. , 2013) . Other proximal sites in the gut, including the stomach and 

duodenum are also inhabited by microbes but in smaller numbers «103 to 1 04 CFUs/ml) (Zhao 

et aI. , 201 3). The human gut microflora mainly constitutes bacteria from two major phyla, 

Bacteriodetes & Firmicutes, with other less abundant phyla such as Actinobacteria, 

Proteobacteria & Verrucomicrobia (Ley et aI. , 2005). Methanogenic archaea from the phyla 

Euryarchaeota are also present (Qin et aI., 2010). There are 6 divisions of bacteria present in 

the gut microflora which are Proteobacteria, Actinobacteria, Fusobacteria, Verrucomicrobia, 

Firmicutes and Bacteroidetes with about 90% of the bacteria belong to either the Finnicutes or 

Bacteroidetes (Cho & Blaser, 201 2). 

A dynamic balance occurs between bacterial communities and host physiology with many 

factors influencing the initial acquisition , succession, and finally till stabilization of the gut 

ecosystem. Colonization process starts at birth and continues till stabilization with many factors 

such as method of delivery, age, diet and host genetics etc. effecting the process of colonization 

(Dominguez et al., 2010). 

The functions of human gut microbiota include breakdown of indigestible dietary components 

by producing SCFs. These SCF A could then act as a source of energy for colonocytes along 

many other effects e.g. increas ing satiety, decreasing inflammation, decreasi ng carcinogenesis 

in the colon and enhancing gut barrier function (Zhao et aI., 2013). Other functions of gut 

microbiota include nutrient and drug metabolism, proliferation of epithelial cells, 

immunological and barrier function against enteric pathogens and the synthesis of various 

vitamins (Marteyn et aI. , 20 10). 
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However, despite performing many essential function s, a state of imbalance (dysbiosis) can 

occur in gut, that leads to many diseases as ranged from luminal diseases (lBD and JBS) to 

metabolic diseases (obesity and diabetes) and allergic diseases to neurological disorders 

(Larsenetai., 2010; Spenceretal. , 20 11). 

Several culture base techniques are used to study gut microbiota. However, only 10-20% gut 

microbiota has been isolated, thus limiting the effective use of this technique (Stewart, 2012). 

The reasons are : many MO are recalcitrant to growth in laboratory, it is time consuming also 

majority of gut microorganisms are anaerobic (Lagier et aI., 2015) and it is difficult to study 

the culture characteristics of some colonies on petri plate (Rajilic-Stojanovic & de Vos, 2014). 

To overcome these discrepancies, various efficient techniques have been developed to study 

the different underlying aspects of human gut microbiota. With the availability of different 

bioinformatics tools and high throughput NGS sequencing technologies (16S rRNA 

sequencing) which can generate many more sequences at shorter read length. This has brought 

about a revolution in addressing a questions concerning bacterial community structure and 

diversity (Jandhyala et aI. , 2015). 

Metagenomics is a technique and a process used to characterize the metagenome (all DNA 

from environment) (Gi ll et ai., 2006) . Metagenome is the col lection of genes and genomes 

from the species of the microflora obtained by shotgun sequencing of DNA extracted from a 

sample (metagenomics) followed by assembly or mapping to a reference database followed by 

annotation . Sequence based metagenomic analyses have begun to exposed the core metabolic 

functions of the human gut microflora and determine the extant properties of this commun ity 

that impact on human health (Eckburg et aI., 2005). 

Metagenomics for the Human Intestinal Tract abbrev iated as MetaHIT and the Human 

Microbiome Project consol1ium are two main projects that have characterized the healthy 

human gut microflora (Qin etai., 2010). The core objective of these projects is to find if there 

is present any identifiable 'core microbiome'. Though all the eighteen gut microbiomes 

surveyed depicted a great level of beta-diversity regarding the relative abundance of bacterial 

phyla. These studies concluded that different individuals may share related species. Despite the 

differences in species composition between individuals the metagenomics profiles were 

similar. This illustrates that many related species of gut bacteria are functionally redundant, 
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meanwhile different but related taxa can carry out simi lar functions in different individuals 

(Consortium, 2012). 

The study of composition and the factors driving changes in gut microbiota is important 

because many metabolic, immunological and neurological disorders have been associated with 

gut dysbiosis. This dysbiosis , whether at the level of the phylum or more specific taxon level, 

a ids in the advances of metabolic diseases (obes ity and diabetes etc.). Overweight and obes ity 

are alarming problems of the world, effecting both the developed and under developed 

countries. It is a risk factor for the development of chronic diseases like type 2 diabetes, 

hypertension, CVD, CAD, heart stroke and inflammatory disorders etc. (Kopelman, 2007) . In 

year 2014, percentage of obesity in adu lts in US was 35% (Ogden et at. , 2015), whi le in India 

it was 28% (Ng et al., 2014) Pakistan is ranked 9th among 188 obese countries (Tribne, 20 14). 

According to WHO 38% of Pakistani females and 28% males are obese. 

It is known that alterations in the human gut microflora are linked w ith obesity but early reports 

are somehow inconsistent in the specific correlations. The starr ing role of the gut microflora in 

obesity related diseases have been studied using 16S rRNA seq uencing and quantitative PCR, 

respectively (Koren et al. , 2011 ; Larsen et at. , 2010) . However, 16S rRNA sequencing can 

reveal differences in the taxonomic makeup of the microflora but to discern the functiona l 

capacity ofthe genomes of the microorganisms in the gut, metagenomic sequencing is required . 

To overcome obesity and to maintain energy level fasting is carried out. Fasting is an act of 

absta ining every kind offood for approximately 12 hou rs depending on sunrise and sunset time 

of that region . Thus, in a genera l sense it ' s a processi ng of restricting energy intake. Based on 

energy intake leve l fasting is of two main types. First is "Caloric Restriction (CR)" which is 

reducing the utilization offood and depriving of certain nutrients thus resulting in malnutrition. 

Second one is "Total Caloric Desistance (TCD)" similar to intermittent fasting, (ADF), routine 

periodic fasting (Rizza, Veron ese, & Fontana, 2014). Various religious followers fast according 

to their own beliefs and rituals including Mus lims, who fast from sunrise (Sehr) to sunset (Iftar) 

during the month of Ramadan which lasts for 29 to 30 days whi le other religion allows fasting 

on certain chosen days. In this study, only impact of Ramadan is focused. Ramadan is like ADF 

because both contain fast and feast periods with exception of restricted fluid intake during feast 

of Ramadan (Trepanowski & Bloomer, 2010). During Ramadan s leeping pattern is a ltered and 

observers are engaged in a consistent physical activity (Taravekh) after Iftar (Gi lani , Davies, 
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& Khunti , 2014). Impacts of ADF on animal models have been well studied showing longev ity 

(Rizza, et at., 2014), Prevention and reduction of certain diseases like CVD, cancers and 

metabolic diseases like di abetes (Anson et al., 2003 ; Longo & Mattson, 2014). Similarl y ADF 

is helpful in cardiovascular health , low heart rate, blood press ure, increased heart rate 

patchiness and reduc ing post infract chronic heart failure (Anson et al., 2003; Raffaghello et 

al. , 2008; Zhang et al., 2005). 

Currently re li g ious fasting and its effect on human health with respect to certain metabolic and 

immunological diseases is a topic of interes t from many years. Many patients have been 

checked by doctors during fasting for weight management, disease treatment and prevention. 

Effect of fasting on cellular level is also well established , it promote stress resistance, lipolysis 

and autophagy and may act as a powerful dru g used for reducing of se izures, seizure associated 

brain harm and management of rheumatoid arthritis (Bruce- Keller et al., 1999 ; MUller et al., 

2001). Studies indicate that religious fasting is an effective procedure of reducing obes ity 

(Khaled & Belbraouet, 2009), we ight loss, improving cardiovascular health status overall 

(Fontana, Partridge, & Longo, 2010; Masoro, 2005). Importantl y, increase HDL, reduce 

LDL,VLDL and triglyceride level even in patients with type 2 diabetes are also observed in 

certain studies (Tiboura et al. , 20 15). Religious fasting is he lpful to reduces brain natriuretic 

peptide level to keep blood pressure normal and increase renal functions (AktUrk et al. , 2013 ; 

Trabelsi et al. , 201 2). Proper functionality of liver is associated with fasting (Mohammed, 

2011). 
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1.1 Aim 

The present study aims to check the impact of energy Restriction on Human fema le physiology 

and gut microbiota. 

1.2 Objectives 

1. To evaluate the impact of Energy Restriction (Ramadan Fasting) on human female 

physiology. 

2. To determine the variation of gut microbiota due to periodic energy restriction. 

3. To analyse probiotic potential of human faecal isolates. 
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Chapter 2 Literature Review 

2 Literature Review 

The terms " microbiota" and "microbiome" have been complicated with confusion in many 

studies. Although many studies have depicted their distant meaning, on the other hand these 

terms have been used interchangeably. Microbiome is sometimes used both in context of suffix 

"Biome" and "Omics" (Eisen , 2015 ; Ursell et a!. , 2012). However, in 200 I the term microbiota 

was summed up by Lederberg and McCray as "the ecological community of commensal, 

symbiotic and pathogenic microorganisms that literaLly share our body space " whereas 

"microbiome" to describe the collective geno me of indigenous microbes (microflora) in a 

body (Lederberg & McCray, 2001; Marchesi & Ravel , 2015). In a nutshell , in this study 

"microbiome" refers to collection of genomes while "microbiota" refers to collection of 

organisms in a gut (Clemente et a!. , 20 12). 

2.1 Discovery of the Human Microbiome 

The first scientific evidence of microorganisms inhabiting human gut emerged in the mid -

1880s, when a scientist Theodor Escherich observed a bacterium (later named E. coli) in the 

intestinal flora of healthy and diseased (diarrhea) children. Following this study, scientist 

described many other residents in human body followed by another bacterial specie 

Veillonellaparvula in 1898. Similarly, in 1900 members of bifidobacteria were observed. 

Throughout the 20th century a number of other microorganisms were isolated from different 

parts of body e.g. the nasal and oral cavities, skin, gastrointestinal tract etc. and characterized 

to be human microbiota and thus the intensive studies were carried out during the start of 21 st 

century (Kara, 2016). 

To date approximately 1000-1150 microorganisms colonize in human intestinal tract of an 

individual , whereas amid those, only 160 are core species. Together with bacteria, archaea, 

eukaryotes and viruses are also potential gut residents (Clemente et al., 2012; Qin, et a!., 2010). 

In 2009, Turnbaugh et ai , established that a "core microbiome" is shared amongst the 

individuals by comparing the diversity and composition in monozygotic or dizygotic twins and 

their mothers (Turnbaugh et al., 2009). These microbes generally do not pose any threat are to 

humans, in fact they are essential for maintaining health and perform other important functions. 

An extensive number of studies have proven that changes in the composition of human 

microbiomes are correlated with numerous disease conditions, raising the possibility that 

manipulation of these communities could be used to treat disease (Human Microbiome project 

,20 16). 
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2.2 Human Gut Microbiota (Bacteria) 

It is a topic of great curiosity & interest that everyone in keen to know what a biological 

individual is Metagenomics have revealed that > 1 0% of the cells comprising our body are 

Homo sapiens cells while the remaining 90% are bacterial cell (Gill et at. , 2006 ; Hutter et a!., 

2015; Quigley, 2013). After culturing E.coli successfully, over 605 intestinal microbial species 

have been isolated which are also supported by phylogenetic analysis. To date, approximately 

500 to 1000 bacterial species are present in gut. There arc more than 50 phyla. The human gut 

is mostly dominated by Bacteroidetes and Firmicutes while these phyla Actinobacteria (91 

species), Bacteroidetes (80 species), Firmicutes (284 species), and Proteobacteria (133 species) 

are present in small number (Qin et at., 2010; Tremaroli & Backhed, 2012; Wacklin et at. , 

2014). At genera level , the prevailing intestinal genera are: Bacteroides, Clostridium, 

Bifidobacterium, E ubacterium, Ruminococcus, Peptococcus and Peptostreptococcus (Guarner 

& Malagelada, 2003). Whereas there are also other species like Verrucomicrobia, 

Synergistetes, Ptanctomycetes, Tenericutes and the Deinococcus-Thermus group (Rajilic­

Stojanovic & de Vos, 2014). These representative species are mostly considered as operational 

taxonomic units (OTV' s). OUT's are distinctive sequence types that characterize a species but 

do not necessarily have a definite name, since there is no culture representative or the taxonomy 

of these species in not established as yet (Rajilic-Stojanovic & de Vos, 2014). However, these 

species only account for less than 10% of the whole assembly of intestinal residents while the 

remaining are non-culturable. 

The MetaHIT consortium reported that human gut microflora is mainly composed of three 

enterotypes first characterized by Manimozhiyan et a!. These enterotypes are Prevotella, 

Bacteroides, and Ruminococcus (Wu et at., 2011). The figure below shows relative abundance 

of different species in human gut. 
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Figure 2.1: Diversity of Bacterial Species at Genera Level 

(Figure taken from Armaghuman et aI. , 2011) 

2.3 Non-Bacterial Members of the Gut 

2.3.1 Viruses 
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Although the viruses in the gut are poorly studied and characterized, the first study of the 

human gut virome described 1200 viral genotypes, most ofwhich belonged to siphophages and 

prophages within bacterial genomes while the faecal dom inating families are Siphoviridae and 

Podoviridae (Breitbart et al., 2003). The viruses perform a protective role in maintaining the 

ecology and also health balance in human gut (Kernbauer, Ding, & Cadwell, 2014). 

Bacteriophages also play role in inhibiting pathogenic bacteria (Barr et al. , 2013). 

2.3.2 Archaea 

Archaea are present in the majority of human gut samples. The majority occurring community 

is methanogens (methane producers). Despite their abundance, they have low diversity. To 

date, only three methanogens have been isolated from human faeces: Methano 

brevibactersmithii, Methanosphaera stadtmanae, and Methanomassiliicoccus luminyensis. 

Their role in gut is to augment the efficiency of polysaccharide fermentation by preventing 

build-up ofH2 and other reaction end product (Dridi, 2012). 
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2.3.3 Fungi 

The dominant members of the eukaryotic component of the human microbiome are the fungi 

like Candida Tropicalis detected as abundant pathogen. They have hi gh diversity in human 

gut. An analys is of the mouse gut mycobiome has revealed 100 annotated funga l species 

together w ith 100 non-annotated species (Moyes & Naglik, 20 12). 

2.4 Composition of Human Gut Microbiota 

The widely he ld gut microbiota constitutes str ict anaerobes mainly facultative anaerobes. The 

microbial species are host spec ific, deve loping throughout a person life and susceptible to both 

exogenous dietary habits and endogenous modificati ons (Sekirov et aI. , 2010). A study 

performed by Frank et a i, reported that co llect ive gut microbiota constitutes above 35,000 

bacterial species (Frank et ai., 2007) . 

2.5 Stomach and Small I ntestine 

The stomach and small intestine has acidic and enzymatic environment accompanied by 

peristalsis and other gastric secret ions which does not all ow the growth of many bacteria. Most 

bacteria in stomach are either inhabitants or ingested ones. Most dominating phyla include 

Proteobacteria (made up of mainly, Actinobacillus, and Neisseria), Firmicutes (dom inated by 

Streptococcus and Bacillus), Helicobacter, Haemophilus Bacteroidetes (mainly Prevotella) 

and Actinobacteri a (Delgado et ai., 2013) . Interestingly, commensa l microbiota with probiotic 

properties have been isolated from the stomach (Ryan et ai. , 2008). 

Although the most microb ial and host interaction occurs in small intestines but this area is less 

studied due to difficulty in obtaining samples. Presently, ileum and jejunum communities in 

sma ll intestines have been characterized . The small intestine is mainly dominated by these 

phyla : Proteobacteria, Firmicutes and Bacteroidetes. The most occurring genera Bacteroides, 

Streptococcus inj ej unum and Clostridium c lusters in ileum (Wang, Ahrne, Jeppsson, & Molin, 

2005). 

2.6 Large Intestine (Colon and Rectum) 

Large intestine is a microbial organ that accommodates a vast and diverse biomass of bacterial 

communities. It has mucosal and luminal ad hered microbiota . Overal l, microbiota is dominated 

by these phyla: Firmicutes (clusters IX , XIV and XVI), Bacteroidetes, Proteobacteria, 

Act inobacteria, and Verrucomicrobia e.g. Akkermansia (Walker et ai., 2011 ). No quantitative 
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or qualitative differences were observed between the microbial communities at different 

segments of the colon i-e ascending, descending, sigmoid colon, transverse and rectum 

segments in patients that had their bowels cleaned before the biopsies (Walter & Ley, 2011). 

The main function s of some important phyla are discussed in a table 2.1. 

Table 2.1: Four dominant gut bacterial phyla and known metabolic functions 

(Ottman, Smidt, De Vos, & Belzer, 2012) 

Species Functions 

Firmicutes (G+ive) Activate metabolism of carbohydrates 

Bacteriodetes (G-ive) Helps in metabolism, di gestion of complex carbohydrates, 

energy production etc. 

Actinobacteria (G+ive) Activate sugar and carbohydrate metabolism 

Proteobacteria (G-ive) Mostly are opportunistic pathogen 

2.7 F unctions of Gut Microbiota 

Gut microbiota characterization is first step for elucidating its role in human health, drug 

responses and diseases. As each individual has its own unique gut flora therefore researches 

are now trying to identify certain stable patterns of microbial population in humans (Shreiner, 

Kao, & Young, 2015). Under healthy conditions the gut flora occurs in state of "norm obi os is". 

The gut microflora performs many physiological functions that are discussed below (Sommer 

& Biickhed, 2013). Recent studies show that human decision making activities, behaviour, 

memory and learning are also affected by the gut microflora (Blottiere, De Vos, Ehrlich, & 

Dore, 2013). 

2.8 Metabolic Functions 

The human microbiota performs diverse metabolic functions that are necessary for proper 

functioning of host such as; 
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1. Ferm ents large and indigestibl e po lysaccharide such as res istant starches from the 

diet with the help of enzymes resultin g in energy salvage and substrates absorpti on 

for the host (Bull & Plummer, 201 4). 

2. T he fermentation products (short-chain fatty ac ids) prov ide energy to host and 

promote the growth of intestinal epithe lia l cell s (Sartor, 2008). 

3. In genera l, SCF As acidy the lumen thus suppress ing the growth of pathogens but 

they a lso prevent co lon cancer development and modulate immune responses (Short 

chain fatty ac ids (SCF As) have nutritional, regul atory, and immunomodulatory 

properties (S un & O 'Riordan, 201 3). 

4. Gut microflora synthes ize various v itamins espec ially v it K and v it E e.g. , Fo late, 

ribofl av in, thi amine, biotin, pantotheni c ac id . Spec ies of Bifidobacterium, 

Bactero idetes and Enterococcus synthes ize vitamins. Lactobacillus acidophilus, also 

fo und in yogurt and cheeses, synthes ize v itamin B 12, pyridoxine and ni ac in 

(LeBlanc et al., 2013). 

2.9 Trophic 

They exert tropic effect by prov iding nutrients (SCFs) to the epithelium of gut, thus maintaining 

cell d ifferent iat ion and pro li feration (Sansonett i & Di Santo, 2007) . 

2.10 Protective 
Protection against pathogen co lonization and intrusion by competing fo r nutrients, lowering 

intestinal pH and producing certai n substances e.g. bacte rioc in, peroxides and SCFs etc . 

(Clemente et al. , 201 2; Gareau, Sherman, & Walker, 2010; Guarner & Malagelada, 2003). The 

capabiliti es of the gut microbes to control infections in the host can be divided into two 

mechanisms; indirect inhibition through modulation of host immune systems and direct 

inhibition by commensal -pathogen interaction. Indirect inhibition includes co lonization 

resistance, Nutrition competition, Immune system deve lopment, Inhibition of adhes ion and 

direct inhibition is v ia producti on of antimicrobial molecules and by inhibiting quorum sensing 

(Yoon, Lee, & Yoon, 2014). 

2.11 Immunomodulation 

Complex and bidirectional interact ion ex ists among gut microbiota and body' s defense system. 

The gut microfl ora a lso controls diffe rent aspects of innate and acquired immunity, protecting 

the host from pathogen attacks and chronic inflammation. On the contrary, di sturbances in 
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compos ition of gut microflora are linked w ith susceptibility to infections, immuno logica l 

disorders, insulin resistance and we ight gain (Diamant, Blaak, & De Vos, 2011 ). 

a . Stimulates the production of immunoglobulin. 

b. Promotes the activ ity of anti -inflammatory cytokines and down regul ates the activity of 

pro- inflammatory cytokines. 

c. Induction of regul ato ry T cell (Takagi et al., 20 16) . 

2.12 Gut-Brain Communication 

The CN S and the gut are closely assoc iated by a complex communication network. Signals 

from the gut via vagus nerve, modify bra in functions, immune res ponses, mood and behav iour. 

Similarly signals from bra in govern the functi ons of GI tract. Severa l studi es showed that 

changes in the gut flora have an impact on the CNS (Grenham, C larke, Cryan, & Dinan, 2011 ). 

M icrobes commun icate wi th gut-brain ax is by certain mechanisms such as: 

a. By releas ing SCF As which indirectl y regul ates production of hormones . 

b . By enhanc ing the express ion of (GAB A) receptors. GAB A is produced in brain from 

glutamate and acts as an inhibitory neurotransmitter. B inding of GABA w ith its receptor 

inhibits nervo us acti vity. This mechanism has an applicati on in reducing stress, pain 

sensitiv ity and anx iety leve l. 

c. Through engagement w ith to ll like receptors (TLRs), microbes a lter the express ion of 

chemokines and cytokines . This ca uses change in function of immune cell s. Spec ific 

products of the immune cell s interact w ith neurons v ia membrane receptors, thus 

modulating the nerve s igna l ing (Grenham et al. , 2011 ). 

2.13 Colonization and Establishment of Human Gut Microbiota 

The microbes in our gut are there maybe by co incidence and have fo unded a ni che to grow. 

They need to grow, reproduce, co lonize our gut, to grow on the nutrients provided by host and 

to reproduce in gut (Heaton et al., 1992). The gut microbiota co lonizes virtually a ll surface of 

the body exposed to outside environment. Microorgani sms fl ouri sh on skin and in the 

genitourinary, gastro intestinal, and respi ratory tracts but due to availability of some potential 

substrates in the GJT that can be consumed as nutrient so urce by microbes thus, making it a 

preferred surface fo r co lonization. Each organi sm occupies spec ific ni che, based on ava il ability 

of best substrates these bacteria utilize and thus perform a spec ifi c and different function. Crow 
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in 2011 , ment ioned that Bactero idetes and Firmicutes co lonize intestines (anerobic) because of 

the functi on they perfo rm (fermentation) (Crow, 20 II ) . 

If no nutrient fro m outs ide wo uld ente r the GIT, the onl y substrate bacteri a would utili ze is -

host excretions (sa liva, mucus, gastric, pancreatic juices and bile etc .) . The secretions create 

harsh cond itions such as low pH, proteo lyt ic enzyme and secrete anti -microbia l substances . 

M ucins secreted fro m sa li va and mucus from intestina l ep ithe lium, are most dominant 

substrates that bacteria would utilize (Arumugam et al., 20] I ) . Thi s section wi ll d iscuss the 

initial to fi nal co lonizati on. 

In 1900, T iss ier studi es gave the idea that in utero embryo is steril e and microbial co lonizat ion 

starts during the birth . The microbes come during the birth p rocess and from the surrounding 

environment and the process of co lonizat ion continues until a staple and complex communit ies 

are establi shed (Harmsen et aI. , 2002; Pa lmer et aI. , 2007). Even after a period of 100 years, it 

was believed that the presence of any microbe in utero is a ri sk fo r the fetus. Later on, few 

studies have examined the bacteri al presence in amniotic fluid (Bearfi e ld et aI. , 2002; 

Rodriguez et aI. , 2008), umbili ca l cord (Jimenez et al., 2008), placenta (Aagaard et aI. , 201 4) 

and feta l membranes duri ng hea lthy pregnancy (Matamoros et al. , 2013 ; Rautava et al., 20 12; 

Steel et al., 2005). 

In humans the gut microbiota is establi shed afte r one to two years of birth, and by that time the 

intestinal epithe lium and the intestina l mucosa l barrier co-developed in a way that is to lerant 

to, and even supportive of the gut microorganism and that also prov ides a barrier to pathogenic 

microbes (Fader! et aI. , 201 5) . The process of intestine microbiota establi shment can be divided 

into the fo llowing steps (C lemente et al. , 201 2). 

2.14 Pregnancy and Prenatal Microbial Contact 

Meconium harbors complex microbial community (Gosalbes et aI. , 2013). A research was 

conducted by Co ll ado et al, where it was reported that bacteri al load increased over the time of 

the gestat ion (Co llado et al., 2008). Similarl y, many other studi es have been conducted due to 

recent advances in cul tura l dependent and independent techniques. T he sc ientist conducted a 

study and observed the changes in the gut microflora that occur from the 1 st (T I) to the yd (T3) 

pregnancy trimester and have assessed the potent ial abilit ies ofT I and T3 microfl ora to induce 

metabo lic changes by means of germ -free mouse transfers. They p rovided ev idences that the 

gut community ' s composition and structure are profoundly changed over the period of 
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pregnancy. Moreover, the third trimester microbiota induces metabolic changes in germ-free 

recipient mice that are similar to aspects of metabolic syndrome. These changes are associated 

with metabolic disease in non - pregnant women and men but may be helpful in the co ntext of 

a normal pregnancy (Koren et aI. , 20 12). Generally, the diversity of gut microbiota decreases 

between the 1 st and 3rd trimesters, but the abundance of certain types, such as the Proteobacteria 

and Actinobacteria, increased after birth, the children ' s microbiota resembled those of the 

mothers' first trimester samples (Koren et al., 20 12). 

In 2013, a study characterized microbiota of meconium & faecal samples of premature infants 

(during first 3 weeks of life) by means of a culture dependent and independent methods. Similar 

results were revea led from both techniques. In meconium, phylum Firmicutes was dominant 

while in faecal samples phylum Proteobacteria was abundant. Culture dependent techniques 

showed that in meconium, Staphylococci predominates, while in feces , Enterococci and some 

Gram negatives (E. coli, S. marcescens, K. pneumonia) are abundant. Add itionally, 16S r DNA 

based microarrays revealed the presence of L. plantarwn and S. mitis in meconium and 

presence of Enterococcus, K. pneumonia and E. coli in infant faeces. Through an ascending 

route, vaginal microbes (linked with premature bitth) can get access to the uterine environment. 

Though this mechanism is not yet complete ly understood (Moles et al. , 2013). 

One study was conducted to check whether the maternal gut microbiota can be transferred to 

the fetus or not. E. faecium was genetically labelled and was given to the pregnant mice orally. 

Interestingly, genetically labelled E. faecium was cultured from the amniotic fluid and 

meconium of pups from inoculated mice as compared to the control. Hence, this study laid 

foundational ev idence for the transmission of maternal microbes in mammals. Remarkably, in 

rodents during pregnancy and lactation bacterial translocation is greatly increased (perez et aI. , 

2007). 

Worldwide, many recent findings have challenged the dogma that fetus resides in sterile 

environment and here the question has arisen regarding the impact of microbes colonizing fetus 

on the pregnancy and neonate's hea lth status. Some placental microbes like Gardnerella and 

Prevotella may induce inflammatory responses in new-born whereas Lactobacillus sp. 

suppress such responses (Fichorova et al., 20 11 ; Stout et al., 2013). At present, little knowledge 

is available about the micro bes that can cross the placenta and their effect on the health. 
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Nevertheless, high-throughput sequencmg too ls w ill be he lpful 111 characteriz ing "feta l 

microbiome" in utero. 

Nevertheless, there are co nfli ct ing fi ndings in li terature abo ut the compos ition of the neonatal 

GIT microbi ota and the facto rs that influence it. Some studi es have showed that 

Bifidobacteriul11 mostly dominates the gut microfl ora of breast-fed babies by several weeks of 

age (Fav ier, Vaughan, De Vos, & Akkermans, 2002). 

2.15 Microbial Colonization 

The colonization starts w ith a diverse microbiota both fro m mother and env ironment. Studies 

on neonates have shown that fac ultati ve anaerobes co lonize fi rst. Though it has less divers ity 

but the quickly dominat ing species are Bacteroides, Prevotella, lactobacilli, streptococci, 

staphylococci, and Enterobacteriaceae (Dom inguez-Be llo et ai., 2010; Iso lauri , 2012; Penders 

et al., 2006). Upon start ing nutri t ion, th e microbiota changes depending on the type of nutrition. 

Different microbes w ill colo nize in breastfeedi ng and fo rmula feeding (Harmsen et ai., 2000). 

Breast milk bacteri a are bifidogeni c. This is not primarily lactose but also specific 

oligosaccharides for whi ch bifidobacteria have spec ifi c enzymes resulting in dominance of 

bifidobacteria within one week of birth (Sela et aI. , 2008; Z ivkov ic, German, Lebrill a, & Mill s, 

2011 ). The divers ity of th e bacteria increases as the child gets o lder. It is not clear what is 

driv ing this but gastro intestina l infect ions and ant ib iot ic use will playa ro le in th is. The species 

of bifidobacteria that co lonize the gut may vary across the individua l (Bergstrom et ai. , 201 4) . 

Upon commencement of so lid food and frui ts etc. the complex ity and divers ity of gut 

microflora increases. Bacteri a such as Prevote lla, Bactero ides, ruminococci and Clostridium 

clusters co lonize with the commencement of food (Fav ier et al., 2002) . A long w ith these 

bacteria F irmicutes and di ffe rent enterobactcri a spec ies are also introduced . Diverse microbiota 

starts appearing at the age of 1 year to 3 years and stabilization occurs at age of 3 (Yatsunenko 

et al., 201 2) . T hi s stabilizati on leads to a phase where the microbiota does s lowly develop 

further. It has been p roposed that the gut flo ra remains stable up to 7 years of li fe (B iagi et ai. , 

2010). By the end of the fi rst year of I ife , the microb ia l profil e is distinct fo r each infant; by 

the age of 2.5 years, the microbiota full y resembles the microb iota of an adult in terms of 

composition. The m icrobiota of yo un g children and adolescents is still di fferent from that of 

adults and the microbiota co ntinues to devc lop and change unt il o ld age, where there are aga in 

significant differences w ith the microb iota of e.g. 30 year old adul ts (C laesso n et ai. , 2011 ). As 

we grow old, the number of F irmicutes, Bifidobacteria and Faeca l bacterium prausnitzii 
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decreases while there is an increase in the amount of E. coli and Proteobacteria (C laesson et 

ai. , 2011 ; Mariat et al. , 2009) . The o lder adult microbial p rofile can be distin gui shed fro m the 

yo unger adults on the bas is of decrease v itamin B 12 biosynthes is and microbial reductase 

activ ity along w ith an increase potentia l fo r stress response, DNA damage and immune 

compromise. Such findin gs propose that gut flo ra of o lder adults represent a pro-inflammatory 

phenotype (Lan, Kriete, & Rosen, 201 3). 

A study of infants fro m three geographica l areas, Uni ted States, rural Malawi and Venezue la 

showed how bacteria l diversity increases with age and stabilizes after about 3 years of life 

(Yatsunenko et ai. , 201 2). 

During the fi rst weeks of li fe , there is a redu ced acti v ity of TLRs, potentia lly all owing the 

necessary fo rm ation of a stable bacte ri al community in the gut. As the infant grows, and w ith 

the introduction of so lid foods, the microbiota divers ity increases, and the communi ty 

converges toward an adul t- li ke state. At the same time, the immune system " learns" to 

differentiate between commensa l and pathogenic bacteri a. By adulthood, a re latively stable 

community compos ition (but varying between di ffe rent indi vidua ls) is achieved, dominated 

mostly by Bactero idetes and F irmicutes. D ifferent di seases are characterized by significant 

changes in the microbiota and assoc iated changes in the producti on of cytokines. 

2.16 Factors Affecting Colonization of Gut 

Various factors affect earl y deve lopment of the gut microbiota . Breastfeeding vs formula 

feedin g and caesarean section vs natural de li very are important determinants of the gut 

microbia l development which have a long te rm impacts on gut microfl ora (Adlerberth & Wold , 

2009; Lozupone et al., 201 3; van N im wegen et ai. , 2011 ). 

Other known factors to influence co lonizati on are: gestationa l age, mode of delivery i. e. 

vaginal birth vs assisted de li very, di et - breast milk vs fo rmul a, level of sanitation, and exposure 

to antibiotics (Co ll ado et ai., 201 2) . Other less obvious, but important facto rs include maternal 

facto rs expressed in breast mil k, host facto rs like genetics and innate immunity (A lvarez­

Martin et ai. , 2007; Z ivkov ic et ai., 2011 ). 

2.17 Mode of Delivery 

Soon after birth, postnata l microbia l expos ure occurs. Babies de livered vaginally harbours 

mothers' vaginal microb ial communities in the ir gut such as species of Bifidobacterium and 
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Lactobacillus. Whereas, babies born through caesarean section acq uire species of 

Propionibacterium and Staphylococcus fro m ski n (Domi nguez-Be llo et al., 20] 0). The 

microbia l compos ition of infants born v ia C-section remain disturbed for several months and/or 

years (Abrahamsson et 01. , 20 ]4; Sa lminen et 01., 2004). 

During vagi na l delivery, vagina l microbes are transferred from mother to the infant. The 

microbial diversity of vagi na is low, mainly consisting of Lactobaci lli sp. (Aagaard et aI. , 

20 12). Th us, during early days of li fe infant's gut is co lon ized by Lactobaci lli , reflecting 

vaginal microb iota (A versh ina et 01. , 20 14) . During delivery, human anatomy also supports the 

exposure of materna l fecal microbes (Lozupone et al., 20 12). Members of mother are 

transferred through feces (de M uinck et 01. , 20 11). Studi es show that the transmission of 

Bacteroides fragilis also occurs durin g birth (Rudi , Storr0, 0 ien, & Johnsen, 20 12). Some 

recent reports show that the microbi al diversity of C-section infants is low as compared to the 

vaginal delivery. Caesarean births have greater risk of IBD, type 1 Diabetes, celiac disease, 

asthma and a llergies (Bagel', Simonsen, N ie lsen, & Frisch, 2012; Nege le et al., 2004). 

2.18 Feeding Mode 

Bacteria in the mother ' s milk have a s ignifi cant role in the infant's gut microbial development 

(Fernandez et 01.,20 13). More than 700 bacterial species have been reported in mother's milk 

(Cabrera-Rubio et 01.,20 ] 2). Majorly species of Staphylococci and Streptococci are dominant 

in mother 's milk and so are the ear li cst co lonizers of infant's gut (Cabrera-Rubio et 01.,2012) . 

Breast milk also contain complex o ligosaccharides (prebiotics), favouring the growth of 

specific bacteria like Bifidobacterium sp. (Z ivkov ic et 01. , 2011) and antibodies, strengthening 

infant immunity. In contrast, bottl e fed infa nts harbour more Clostridia species and have 

increased inc idence of a ll ergy and autoi mmune diseases (Iyengar & Walker, 2012). With the 

intake of solid food , gut microbial diversity increases . More butyrate producers wi ll co lonize 

the gut such as Bacteroides and some Clostridium spp. (Fall ani et al., 20 10). 

2.19 Antibiotics Intake 

Previously, the use of antibiot ics was generall y taken in sense of disease curing. Recently many 

stud ies perform on human gut regardin g antib iot ics usage have impli cated their ro le both long 

and short term in susta ining gut eco logy. The chief role of gut microbiota is prevention of 

pathogens colonization. It was ill Ll strated approximate ly four decades ago that antibiotics 
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intake might result in competitive exc lusion machinery that caused Salmonella infect ion soon 

after antibiotic therapy (Lakdawala et al. , 20 13) . 

Recent studi es have been condu cted us in g hi gh-throughput sequenc ll1 g technologies to 

characterize the long-term effects of antibiotics (Panda et aI. , 20] 4). However, many other 

studies on the long-term effects of antibiot ic usage have shown that microbiota does not show 

complete recovery three months after stopping treatment. 

Most important a lterations in the gut microtlora in reaction to antibiotics are: diminished 

taxonomic divers ity and persistence of alterations in a considerabl e fraction of individuals. It 

has been reported that the effects of even short-term use (7days) of broad spectrum antibiotics 

w ith predominant anaerobic coverage e.g. Clindamyc in could remain for two years, with a 

persistent non-recovery of the divers ity of Bactero ides. In the same way, a short course of H. 

pylori eradication w ith c larithromyc in compri s ing triple therapy caused a dramatic decrease in 

the divers ity with thousand fo lds increase in the ermB res istance gene. It persisted for over four 

years in a proportion of these patients, whi Ie it recovered in the others. The consequence of 

ciprotloxacin, which has predominantly Gram-pos itive coverage, is relative ly short-lived with 

abrupt decrease of Ruminococcus spp. Another current study evaluated the ro le of short co urse 

(7 days) of c iprofloxac in and beta-Iactams. The study indicated the decline of microbial 

diversity by 25% and the core taxa from 29 to 12% with an increase in the Bacteroidetes­

Firmicutes ratio. The main concern that stems out of use of broad-spectrum antibiotics, bes ides 

changes of the normal microb ia l diversity, is the phenomenon of propagating the resistance 

stra in via horizontal gene transfer (HGT). Bacteri al species are proficient of transferring mutant 

genetic information across different species via conjugation, phage transduction and natural 

transformation. T he gene transfer cou Id a lso be through transposons and integrin . Interestingly, 

it has been shown that among different environments, the human gut associated microtlora has 

25 times more possibility of having HGT. Thi s would result in development ofa reservoir state 

of resistance genes, and consequentl y mandates extreme care in the use of broad spectrum 

antibiotics. 

The acute effects of ant ibiotic treatment on the native gut microbiota range fro m self- limiting 

"functional " diarrhea to life-threatening pseudomembranous co liti s. The long-term 

conseq uences of such perturbations fo r the human- microbia l symbios is are more difficult to 
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di scern, but chronic co nditi ons such as asthma and atopic di sease have been associated w ith 

childhood antibiotic use and an altered intestina lmicrobi ota (Panda et al., 20] 4). 

In mice models, antibioti c treatment a ltered the gut microflora and induces some metabo lic 

changes like increased production of fa tty ac ids. Studi es show that in animal feed even low 

antibiotics doses can cause modi fica tio n in co pies of carbohydrate metaboli sm genes. Recent 

studi es show that antibiotics can induce gut dys bios is, which aggravates a ll ergic inflammati on 

by st imulating M2 macro phages polarizat ion. Thi s polarizati on increases the Candida species 

in cecum, whi ch is due to the decrease in Lactobacillus species (hav ing anti fungal properties) . 

The results of these studi es suggcst that probio ti cs and prebiotics can be used to treat a llergies 

by enhanc ing Lactobacillus spec ies w ithin the gut (Willing, Ru ssell , & Finlay, 2011) . 

2.20 Diet 

Diet has a maj or influence on shapi ng the structure of the microbiome. Changes in diet 

infl uence the re lat ive abundance and compos it ion of the microbiota almost immediate ly, but 

for these compos itiona l changes to become stable, the di et has to be long term (Turnbaugh, 

Ridaura et al. , 2009; Wu et al., 20 11 ) 

Generally, di et intake rich in fruits, fi bres and vegetables is linked w ith a high microbiota 

divers ity . Peo ple taking such d iet have abundant inso luble carbohydrate metaboliz ing 

organisms from F irmicutes phy lu m such as Rumil1ococcus bramii, Roseburia Eubacterium 

rectale (Dav id etal. , 201 4; Walker, etal., 2011 ). 

In humans, an increase in the ratio of Bactero idetes-Firmicutes is observed when restricting the 

calorie/carbohydrate co ntent. A hi gh fi bre di et is linked w ith an increase in Bifidobacterium, 

Lactobacillus-Enterococcus, and Ruminococcus was also shown to increase in abundance in 

subj ects on a res istant starch di et. Il igh fa t diet can profoundl y alter the compos ition of the 

microbiota towards an enri chment of Firmicutes (Fa ith et al., 2011 ) and hi gh leve ls of casein 

have been shown to decrease the ab undances of specific taxa (e.g., Eubacterium rectale, 

Marvinbryantia jormatexigens, and Desulfovibrio piger) (S hen, Zhao, & Tuohy, 201 2) . 

Studies have depicted seasona l and geographic d iffe rences in gut microbiome. However, these 

variances were also linked w ith changin g di et pattern . For example, rural African children had 

abundant Prevote ll a, while E uropeo n children had hi gher propOiti ons of Bacteroides. Even 

though Prevotell a and Bacte ro ides are taxonomica lly and functi onally a like, but high 
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abundance of Prevotell a shows that agrari an di et that was taken by the African children. On 

the contrary, the children from Europe consumed a western diet ri ch in animal protein, sugar, 

starch and poor in fibres, which is marked by the higher abundance of Bacte riodes (De Filippo 

et al., 20 10). 

[ndividual members of the microb iota and their consorti a have been shown to be dependent on 

the nutri ent compos ition of the diet. Prevote ll a grows better on carbohydrates; dietary fiber 

prov ides a competitive advantagc to Bifi dobacteria and Bacteroidetes has a substrate 

preference for certain fats. Some spec ia li st microbes, e.g. mucin degrading bacteria such as 

Akkermansia mueinaphila, thri ve on secreted ca rbohydrates provided by host ce ll s. Other 

butyrate producing microbes, e.g. Roseburia spp., fa re better when they are deli vered 

polysaccharide growth substrates in thc di et (Wu e/ al., 2011 ). 

Microbes can induce crav ings, can altcr eating behav ior, mood and behav ior. Although certain 

Lactobacillus appear to reducc anxiety, co lonization of the gut with the pathogen 

Campylabaeter j ejuni increased anxiety- li ke behav ior in mice. 

Bacteria face numerous challenges when co loni zing the mammalian GI tract, and for the 

development of a benefi cial microbiota (undertak ing commensal, mutuali stic, or symbiotic 

relationships with the human host), these must be overcome without reducing host fitness (Ley, 

Peterson, & Gordon, 2006). 

2.21 Gut Dysbiosis 

Despite perfo rming many substantial and dominant functions, the gut bacteria may post threat 

to host and can cause many di seases. At the beginning of21 sl century, after the bowel toxaemia 

theory, Elie Metchni koff suggestcd the production of certain noxious substance by gut 

microbiota hav ing host detrimenta l effects (Metchnikoff, 2004). These suggestions lead the 

concept of gut dysbios is which is defin ed as a condition of microbial imbalance in each habitat 

of a body. Researchers have di scovered that microbial imbalance causes compromised gut 

barrier, leading to certain di seases sLich as lBD, CVD, NAFLD and other metaboli c syndromes . 

Metabolic di seases include obesi ty, diabetes mellitLi s type 2, and atheroscleros is etc. (Kau et 

aI. , 2011 ). In this section, onl y ccrtain metaboli c synd romes are di scussed. 

Studies done on gut microbiota of normal and diseased (metaboli c) people have shown a 

remarkable diffe rence in gut microbiome. Certai n inclusion criteria are implied to consider a 
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metabolic syndrome. These criteria in c lude co-occurrence of any three of the following five 

conditions (abdominal obesity, low leve ls of I-IDL cholesterol, elevated blood pressure, high 

levels of triglyceride, hi gh blood sugar after fasting). Individua l suffering from metabolic 

syndromes harvest more energy harvested from di et and a decrease in beneficial bacteria thus 

causing an overall less diversity and reduction of so me important res idential bacteria leading 

to dysbiosis (Kau et aI. , 20 11 ; Okada et ai., 201 3). 

2.22 Gut and Obesity 

World report shows that approximately 500 million adults are over-weight having BMI of25.0-

29.9kg/m2and 250 million are obese hav ing BMI ~ 30kg/m2) (Bouchard, 2000) . This lead the 

development of disorders related to obes ity. These di so rders have been found related to role of 

gut microbiota. In year 2005 , it was initi a ll y stated that obese individuals have different gut 

microbiota compared to obese ones. It was invest igated and found that F irmicutes are higher 

than Bacteriodes in obese mice in comparison to lean mice (Wo lf, 2006). A study conducted 

by Turnbaugh et ai , proved that transp lantation of a gut microbiota fro m chronica lly obese mice 

(cecal) into adult GF mice (Turnbaugh, Backhed, Fulton, & Gordon, 2008) . The recipient from 

obese became obese and the lean one became lean despite feeding them with same diet and 

keeping in same environment. Gut microbes influence obesity through increased di etary energy 

harvest, effects on the feeling of sat iety after eating, increased fat storage, and systemic 

inflammation (De A nge li s et ai., 20 14). 

The possible mechani sms for the ovenNe ight regulating effect of microbiota arise as follows: 

the gut microbiota enables host to cnh ance the hepatic production. This enables hydrolysis of 

indigestible polysaccharides to eas i Iy absorbable monosaccharides, and activation of 

lipoprotein lipase with co nsequent excess ive storage of liver-derived triglycerides 111 

adipocytes (Backhed et ai. , 2004) . These processes boost weight gain, which may be 

counteracted by modification of the gut microb iota by probiotics with a potential to balance 

the low-grade inflammation assoc iated w ith obes ity (Hamad et ai., 2009). 

Diet also plays an important role in regulation of gut miero biota and obesity. Recently, found 

that when a mouse was given fat ri ch diet, th en number of F irmicutes was increased and this 

modification was rapidly changea blc. T hus, diet alters certain phylotypes in gut bacteria. 

Besides, mice gut microflora is adapt ive and has ability to respond to the changes in diet 

pattern. Similarly, the number of Akkerl11C1nsia l11ucimjJhila (mucin degrader) was dramaticall y 
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decreased (about 100-1000 folds) 111 obese mice having obesity either genetically or diet­

induced (Everard et al., 20 L 3). A negative correlation exists between the proportion of A. 

muciniphila and type 1, type 2 diabetes and body weight (Hansen et al., 2014). 

Several other environmental factors like an imbalance in caloric consumption and its expenses, 

use of drugs and sleeping pattern can a lso influence the genetic expression of obesity (Tsai, 

Cheng, & Pan, 2014). 

2.23 Diabetes Mellitus Type II 

Diabetes occurs when pancreas does not produce sufficient insul in or when the body does not 

use the insulin properly. Diabetes mellitus type 2 is the body' s ineffective use of insulin. 

(Organization, 2014). Individuals suffering from type 2 diabetes are identifiab le by their gut 

microbiota. Type 2 diabetics have increase number of opportunistic pathogenic bacteria, and a 

decrease number of beneficial bacteria (Fukuda & Ohno, 2014). Larsen et al found high 

Firmicutes while low Bacteroidetes number in the gut flora of type 2 diabetic patients. As well 

it was observed that an encouraging association among the plasma glucose level and 

Bacteroidetes to Firmicutes ratio along w ith Bacteroidetes-Prevotella group to C. coccoid - E. 

rectale gr.oup ratio occurs (Larsen el 01. , 2010 ; Ottman et al. , 201 2). A study done in China 

found diabetes associated with gut microbes (Fukuda & Ohno, 2014).Thus, gut dysbiosis 

correlates to type 2 diabetes. Moreover, Beta proteobacteria are more in diabetic patients than 

in non-diabetic controls . Such reports suggest that Proteobacteria and Bacteroidetes may 

stimulate type 2 diabetes by inducing inl1ammatory responses . Since they have high level of 

endotoxin LPS because of their gram-negative nature. Memberz et ai, have studied the 

influence of depleted gut microflora on glu cose to lerance in obese mice, as a model of type 2 

diabetes (Membrez et aI., 2008). ]n thi s model , antibiotic treatment (for 2 weeks) causes 

reduction in the proportion of aerobic and anaerobic microbes. These antibiotic treated obese 

mice had less plasma LPS concentration and li ver triglycerides while more plasma adiponectin 

concentration and liver glycogen when compared with non-treated obese mice. Thus, it 

signifies the role of gut microbial depi ction in obese mice, for improving of glucose tolerance. 

As with obesity, exposure to certain an tibiot ics increases the risk of diabetes (Boursi, Mamtani, 

Haynes, & Yang, 2015) . 
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2.24 Atherosclerosis and Cardiovascular Disease 

Cardiovascular disease (CVD) accounts for about 30% of deaths worldwide. Major risk factors 

are diabetes and obesity. Studies done on plaques iso lated from arterial walls showed the 

presence of bacterial DNA fro m the genera Chryseomonas, Veillonella, and Streptococcus 

(Koren et al. , 2011) .While metabolomics stud ies showed the presence of trimethylamine N­

ox ide (TMAO), cho line and beta ine in plasma to be the risk factors of atherosclerosis. 

Mechani stic studies have revealed the microb ia l metabo lism of phosphatidylcholine produces 

TMA and liver it is absorbed and cOll verted to TMAO. Choline supplementation has resulted 

in more plague formation and reductio n of the gut microbiota by treating with antibiotics 

increased symptoms (Wang et al. , 20 I I ). To understand the role of these phospholipid 

associated molecul es, murine model 01' athero scleros is (apoE defic ient mice) was utilized. In 

apoE deficient mice, positive corre lat ion was found between the aOttic les ion area and plasma 

TMAO level. 

Furthermore, the expression leve l of hepatic F lav in monooxygenase (transforming 

trimethylamine to its ox ide form) was pos itively correlated with TMAO levels in plasma. 

Treatment of apoE defic ient mice with antibiotics, caused reduction in the plasma TMAO leve l 

and atheroma' s size occurred. Such results suggest that in apoE deficient mice, gut microflora 

have a s ignificant effect on atheroma development (Wang et al., 20 11). Recent studies on mice 

show that microbiota produces TMA and TMAO from dietary L-carnitine. This TMAO 

stimulate atherosclerosis (Koeth et at. , 20 13). 16S rRNA pyrosequencing revea led that cecal 

microflora of mice, having diet supplemented with L-carnitine, was enriched with genus 

Prevotella and is positively correlated with the level of TMAO in plasma. Studies comprising 

the correlational analys is of TMAO level in pl asma and fecal microflora composition showed 

that plasma TMAO level was hi gher in subj ects with Prevote lla enterotype in comparison to 

those subjects with Bacte ro ides enterotypes. 

Metagenomic analysis revealed that in atherosc lerosis patient genus Collinsella was abundant 

while genus E ubacterium and Roseb uri a were abundant in hea lthy individuals (Karlsson et al. , 

201 2). Furthermore, the faeca l mi c robiome in symptomatic atherosclerosis patients was 

enriched w ith genes invo lved in peptidog lyca n synthes is whereas, phytoene dehydrogenase 

gene was depleted. According to thi s, atherosc lerosis patients had lower ~-carotene levels. 

These results hypothesized that atherosclerosis patient' s inflammato ry status can be linked with 

variations in gut microfl ora . 
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2.25 Modulation of Gut Microbiota 

If one accepts the reality that the microb iota plays signifi cant functions. then it is reasonabl e to 

think of ways for regulation and preserving ' health y" microflo ra configurat ion or to modulate 

them to prevent pathogenesis and to overcome di seased conditions. 

There are many therapies, methods that can modulate gut microb iota. Some of which are 

prebiotics/probiotics intervention, di et intervention, faecal transplantation and bariatric surgery 

etc. 

2.26 Modulation with Probiotics and Prebiotics 

One way to reshuffl e the gut micro biota is the use of probioti cs. Common ly used probiotics are 

the strains of Lactobacilli and Bifidobacteria In 1907, Eli e Metchnikoff firstly proposed that 

intake of LAB could remove putrefactive bacteria in co lon and also helps in maintaining 

normal funct ions (Anukam et af. , 2008). A huge literature supports the use of probiotics and 

their effect to beneficially change intestinal microbial diversity in rodents. Sim il arly, the use 

of probiotics balanced serum insulin leve l in pregnancy and prevent insulin res istance in 

glucose intolerant or diabetic patients (Andreasen et af. , 20 10). Researchers found that the use 

of probiotic yogurt (containing mainly Lactobacillus and Bifidobacteriumi) reduced total 

cholesterol, low density lipoprote in cholestero l, fasting glucose and glycated hemoglob in in 

type 2 diabeti c patients (Ejtahed et af., 2012). Fo ll owing this , numerous studies have been 

conducted to show the role ofprobiot ics. A study conducted on gnotob iotic mics showed that 

intake of fermented milk product (FMP) enhanced the express ion of enzymes involved 111 

numerous metabolic pathways mostly of carbohydrate metaboli sm (McNulty et af. , 2011 ). 

Currentl y, a study has been shown that use oftransg lucos idase which form oli gosaccharides (a 

type of probiotic) in intest inal tract promote we ight loss and blood glucose leve l in type 2 

diabetic patients (Sasaki et af., 201 3). Tab les below show the effect of probiotic supplements 

in mice and humans. Tables below shows the effect of probioti c supplements in mice and 

humans. 
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Table2 .2: Probiotic supplements and their effects in humans (Fukuda & Ohno, 2014) 

Supplemented Bacteria (healthy- Changes in humans 

overweight) 

Lactobacillus gasseri SBT2055 Decrease abdom inal viscera l and 

subcutaneous fat 

L. rhamnosus GG (in infant form ul a - 6 Enhanced growth and hi gh weight gain; 

months) prevent excess ive weight ga in in kids 

Table 2.3: Probiotic supplements & their effects in mice (Fukuda & Ohno, 2014) 

Supplemented Bacteda Changes in mice 

Lactobacillus plantarum PL62 Reduce weight gai n and concentration of glucose in obese 

mIce 

Lactobacillus paracasei F 19 Reduce total body fat and decrease amount of 

triglycerides in mice give n diet having high fat 

Lactobacillus reuteri ATCC4659 Decrease we ight gai n, adipose, and li ver we ights 

L. acidophilus NCDC 13 Enhance Bifidobacteria 111 feces ; did not decrease 

adiposity 

Similar ly,prebiotics affect the representat ion and metabo lic profiles of probiotic species or 

entrenched themembers of gut microflora. Prebiotics are fibers from plants which are obta ined 

from unprocessed or sli ghtly processed plant foods. Inulins (po lysacchar ides) derived naturally 

from plantspromote growth ofBifidobacteria, which reduce body we ight gain , improve glucose 

homeostas is and improve obes ity related inflam mation (Fukuda & Ohno, 20 14). Gut bacteria 

that are most beneficial to humans require plant fiber for their nutrition (Ve lasquez-Manoff, 

2015). Such finding shows that se lected and tested prebiotics and probiotics can modulate gut 

microbiota . 

2.27 Feacal Transplants 

Feacal transplants is a type of probiotic therapy which is being used from 4th century to cure 

diarrhoea . Researchers showed upon transplanting gut microbes fro m an obese human into GF 

mice their we ight was increased and vice versa (Li et al. , 20 15).Moreover diabetic indi vidual 
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recei ving feca l tran spl ants from hea lthy ones showed an increase sensitivity in insulin and more 

butyrate producing mi crollora. Thi s suggests that a diabetic therapy can be devel oped 

by transplanting feca l from hea lthy donor (Bates et al. , 20 14). Thus, feca l transplant may aid in 

curing certa in di seaes which are otherwi se untreatabl e. Infec ti ons caused by Clostridium 

difficile were treated with 90% success by feca l transp lants. 

2.28 Antibiotic Treatment 

Antibiotic treatment has shown some benefic ia l effects in host especia ll y it helps to maintain 

intestinal integrity. For example in a animal experiment with administrat ion of two antibioti cs 

together, norofl oxac in and ampicillin , showed enhanced fast ing glucose leve l, inhibit glucose 

intolerance and prevent insulin sensitivity. These changes we re linked with decreased blood 

lipopo lysaccharides and li ver tr iglycerides, with changed gut microbial structure (Membrez et 

al. , 2008). Similarly, rifax imin increased the growth of Lactobac illus. Rifax imin showed 

decresed mucosal inflammation induced by wate r avo idance stress.Antibiotic (ampicillin and 

neomyc in) increased intestinal permeability in HF diet mice. Overall these stated studies 

indicate that antibiot ics can modulate the gut microbiota leading to increases intest inal integrity 

(Cani et al., 2008). 

2.29 Modulation w ith Weigh Loss Interventions 

Weight loss and metabo lic improving profil es includes energy restriction, bariatric surgery, 

phys ical activities, medications and li fe style modifi cation etc. (Vetter et al. , 2013). Present 

data suppose that these effects might arb itrate the intestinal flora. A research that invest igated 

the effect of energy restriction (fat and carbohydrate) along with exercise in adu lts resulted in 

increased number of Bacteroides fi-agili sand Lactobacillus group while reduced number of 

Bididobacterium longum and Bifidobacterium adolescentis clusters. It was mentioned that 

we ight loss upto 4kg was due to change in intestinal flora l structure (Santacruz et al. , 2009) . 

Nada l et al also reported the same findings that individuals who lost weight up to or more than 

4 kg had decreased number of Clostridium histoly ticum and E. Rectle (Nadal et al., 2009).Deep 

metagenomics sequencing was used in a study of 49 individuals to assess the microbiota. 

Results showed that energy restriction of high protein diet caused hi gher diversity in 

individuals who prev ious ly had less diversity (Cotill ard et at. , 2013). Similarly, bari atri c 

surgery is an effic ient method to r educe weight in severe ly obese individuals and reduce the 

ri sk of diabetes and cardiovascu lar di sease (Sjostrom et al., 2004; Sjostrom et al., 2007). 
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2.30 E nergy Restriction (Fasting) 

Energy restri cti on is parti cularl y desc ri bed as a cutback in nutritional energy utili zati on we ll 

below the extent of energy or ca lori es that would be take n if free ly avail ab le i,e for humans' 

reduction fro m 20 to 40 % (Ba les & Kraus, 2013) , It can be constant generall y termed as 

ca loric restriction or intermittent (short term starvation) termed as fasting (Madeo, Pietrocola, 

Eisenberg, & Kroemer, 2014), Fasting as a we ll-being cure has been sued to be a va lued healing 

way for long- last ing as we ll as severe diseases in many areas of the world (Buchjnger, 1932 ; 

Fahrner, 199 1). In recent time, mod ified fastin g achieved ri sing fame in Germany as a se lf­

caring way for hea lth and cure just by changing the life style (Hartel & Volger, 2004; Uitzner, 

Million, & Hopfenzitz, 2002), Lmportantl y, the logics for fasting invoke both theological and 

therapeut ic reasons (M ichalsen & Li , 20l3). [n class ica l European med ication, fastin g was a 

we ll -known remedy since old age Greed Hippocratic schoo l and then afte r considered by 

numerous European med ical institutes for therapy of many diseases (Uitzner & Wilhelmi de 

Toledo, [998). The use of fas ting in the background of the med ical therapy pursued factual 

conclusions that infections and di seases have been frequentl y cured , European phys icians such 

as Buchinger, Kraus , and Mayr (Buchinger Sr, 1959; Krauss & Hartmann, 1963) used fasting 

as a medical tool and the conc luding results attracted huge amo unt of patients in 1950. Fasting 

treatments were refi ned and authorized in many fast ing spec ified clinics , thus implanting we ll 

defined times of changed or subdual fas ting in a complete li ving way scenari os, In fasting it 

has been seen that when energy is taken below threshold e.g. 500 kcal /day leads to act ivat ion 

of neuroendocrine system and promote well metabo li sm, In phase T sto res of glycogen get 

mobilized, in phase n (fasting period of24h) lipolys is starts to metabolize fats and in phase III 

(after fasting, starvation) proteo lys is starts to metabo lize proteins (Owen et af., 1998). Based 

on energy intake leve l fasting is of two mai n types 1) Calori c restri ction (CR); lowering the 

utili zation of food , depri ved of resultant in malnutrition, to a reduced amount of what an 

organism wo uld eat if provide free ly, Total Caloric Desistance (TCD) like intermittent fast ing, 

alternate-day fastin g (ADF), routine periodic fasting, or intermittent energy restriction (Rizza 

et af " 20 l4). Numerous religious followers join phases of fasting into their customs including 

Muslims, who fast from sunri se (sehr) to sunset (iftar) during the holy month of Ramadan 

which lasts between 28 and 30 days, and Chri stians, Jews, Buddhi sts, and Hindus, who usuall y 

fas t on chosen days of the week or in a sched ule of the year. Ramadan is s imilar to ADF because 

both conta in fast and feast periods wi th exception of restri cted fluid intake during feast of 

Ramadan (Trepanowski & Bloomer, 20 I 0) . 
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2.3 1 Ramadan Fasting 

Fasting is a socia l exe rcise including refra ining fro m or constrain t of so li d and liqui d diets, 

water or comb inat ions of foods ; globa ll y adopted by nu merous re li gion· s be li evers. The best 

known example of fasti ng is Ramadan Fasting (Kul , Sava~, OztLirk, & Karadag, 20 14). 

Ramadan is an Arabi c word explained in Arabi c as ·'savvm", exactly sense ·' refraining fro m'· 

(G il ani , et al., 20 14). Worldwide, as a spiritual responsibili ty every adult Muslim do dail y fast 

regularl y for 29 or 30 days in the holy month of Ramadan each lunar year. In the days of 

Ramadan fro m dawn to dusk drin ks, nutri ents, smoldering, sex, oral medic ines, inhalations or 

ve nous di etary so lutions are not allowed. Two meals are taken at ni gh time. One is taken and 

fi n ished before dawn ca ll ed Suhour and second one is taken soon after sun set call ed ifta r. 

Fasti ng ti mes of each day differ acco rding to time and terrestri al pos ition. Moreover, because 

of its possible benefi cial effects, including increased vigil ance and mood enhancement, fas ting 

has been advocated as a form of therapy with vari oLis spec ified procedures and with recentl y 

revealed mechani sms (Fawzi et al., 201 5). 

2.32 Health Benefits of Ram ad han Fasting 

There is extensive li terature describing hea lth benefi ts of Ramadan fasting on vari ous aspects 

(Patterson et al. , 201 5). A meta- analys is of thirty-five investigati onal studies was carried out 

to check the effect of Ramadan on body we ight (Sadeghirad et aI. , 20 14). 95 % subjects were 

seen to red uce we ight upto I to 1.24 kg while men were seen to lose more weight compared to 

women. S im i larly, additional metagenomics study was conducted including 1.476 normal 

adults to check fats leve l after Ramadan (Kul et al., 201 4). [t was seen that after Ramadan the 

leve l of total cholesterol, LDL and triglyceri des was decreased signi ficantly whil e 

hypoglycemia and ketoac idos is were observed in di abeti c pati ents (S haeesta, Prabhuj i, & 

Shruthi , 20 14) . Adiponectin were seen to be regulated due to Ramadan fas ting when 62 years 

old individuals were included in the study (Gnanou et al. , 201 5). Anti-ox idati ve and Anti­

inflammatory levels were also in vest igated. Fifty individuals were included in study and lL- I 

B, fL - 6 and TNF - a checked after Ramadan. Significantl y change was obse rved (Patri cia et 

al., 20 13). 
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3 Methodology 

This study was done at Microbiology Research Laboratory (MRL), Department of 

Microbiology, QA U and entitle as: 

"Evaluation of the Impact of Energy Restriction (Ramadan fasting) on Human Female 

physiology and Gut Microbiome" 

3.1 Population Selection 

Twenty-five healthy females between age 25-35 and observing fasting from 7th June to 6th July 

2016 were recruited for study. Their diet and lifestyle patterns were recorded. All individual 

voluntary participated in the study and prior permission was sought from all the participants. 

They were ensured that their data would be kept confidential. 

Table 3.1: Informed Contest for Selection 

• Name 

• [d 
.Age 

• Gender 

• Height 

• Weight 

• Body Mass Index (BMI) 

• Smoking status 

• Cholesterol 

• vLDL cholesterol 

• Serum LDL Cholesterol 

• Serum HDL Cholesterol 

• Gastrointestinal Disease 

• Diarrhea (in last 1 month) 

• Antibiotic consumption 

• Supplement consumption 

• Laxatives consumption 
• Use of weight reducing agents 
• Exercise / any other regular physical 

activity 

3.2 Inclusion Criteria 

, 
" -,I.: 

Forty female volunteers were initially se lected for the study. Selection criteria were based on 

health status, fasting status and other factors which are non-smokers, no antibiotics intake for 
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last month, no intake of laxati ves for last month , no gut associated diseases, no exercise and 

supp lements intake . 

3.3 Exclusion C riteria 

Exclusion criteria contains individuals not fas ting, unhealthy, taking antibi oti cs or hav ing lED 

or any other di so rder and taking any supplements consumpti on while fasting for the whole 

Ramadan month were exc luded from study. 

3.4 Faecal Sample Collection 

Stoo l sample was collected from se lected partic ipants two days before Ramadan i-e 5th June & 

6th June, 2016 and 5 days before Eid (I st or 2nd Jul y). All samples were co ll ected in steril e 

co ll ection containers and then kept at -80 C temperature (Escobar, Klotz, Valdes, & Agudelo, 

201 4; Wu et al. , 2010). 

3.5 Blood Collection a nd Analys is 

10ml blood was taken twice before and at the end of Ramadan in blood collection tubes (EDTA 

& Gel tubes) . Soon after co ll ecti on, samples were processed. Serum was separated and was 

kept at -20°C till analys is. Different parameters were reco rded from blood anal ys is which 

includes serum total cholesterol leve l, serum triglycerides leve l (TG), hi gh density lipoproteins 

(HD L) leve ls, low density lipopro te ins (LDL) levels, very low density lipoproteins (VLD L) 

leve ls. 

3.6 Faecal Sample Processing 

After sample collecti on, immediately each sample was separated into two portions. Of that one 

part ( IKg) was taken and seriall y diluted in phosphate buffer saline (PBS). The dilutions 10_ 1
, 

10-2, 10-3, 10-4, 10-5, 10-6, 10-7, 10-8, 10-9 and 10_ 10 were then poured and spread on different 

culture media for iso lation of gut microbiota. The other porti on was stored at -80°C for DNA 

extraction (Castillo et al. , 2006) . 

3.7 Culture Media Selection 

Five di ffe rent growth media were se lected fo r culturing/iso lati on of Gut mi croorgani sm. 

Media were purchased from Oxiod manufac turer and prepared per instructions. For overall 

microbial growth or for non-se lective enumerati on BHIA (Brain Heart Infusion Agar was used. 

MRSA (de Man Rogosa Sharpe Agar) with 5.4 pH was used as a se lecti ve media to iso late 

Lactobacillus spp. M17 was used to iso late Enterococcus, Streptococcus and Lactococcal spp. 
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MacConkey aga r was used to enumerate Enterobacteriaceae and OGA (Oxytetracycl ine 

Glucose Agar) was used for iso lating yeast. 

3.8 Culturing of Diluted Sample 

A pall of 0.1 ml or I OO).-ll from each dilution was spread with steril e glass spreader on plates of 

culture media. Dilutions 10_ 1, 10-2, 10-3 and 10-.j were spread on MacConkey and OGA media 

plates, dilutions 10-4
, 10-5, 10-6 and 10-7 were inoculated on MRSA and MI7 media plates 

whi le dilutions 10-7
, 10-8, 10-9 and 10- l owere plated on BHIA plates. Then spread samples 

were incubated at 37°C for 48 -nhrs (Lim, Kim , & Lee, 2004). 

3.9 Calculating Colony Forming Unit (CFU/g) 

After incubation at specific temperatures, all plates were examined for microbial growth. co lor, 

size, and morphology of the microbial co lonies were observed and recorded. Total number of 

colonies on each plate was recorded by using co lony counter. On an average, 30 - 300 co lonies 

were used for actual colony count. Microbial count of faecal samples was calculated by using 

CFU formu la, colony formin g unit/g of faecal material. 

CFUlg = (number of colonies x dilution factor) -;- volume plated in ml 

3.10 DNA Extraction for Metagenomic Studies 

DNA was extracted from stored stoo l samples using Favor prep DNA iso lation mini kit under 

trade name Favorgen. The kit is specifically designed for DNA extraction from stool. The 

protocol is fo llowed by taking 100 mg of stool in Eppendorftubes in which 200 mg glass beads 

were added. Following this, 300 ~d of SDE I buffer and 20 ~d proteinase K were added to 

disrupt microbial membranes. Afterwards the so lution is vortexed at high rpm for 5-7 minutes 

and then firstl y incubated at 70 °C for 10 minutes and then for 5 more minutes to lyse Gram 

positive ce ll s. To ensure proper homogeni zation , sample was vortexed thrice during the period 

of incubation. After addition of 100).-l1 SDE2 buffer, the samp le was kept on ice pack for 5 

minutes and then centrifuged at 14000 rpm for 5 minutes . Supernatant was transferred to 

another Eppendorf with addition of SDE3, 200~d buffer. The mixture is incubated, centrifuged 

and again transferred to Eppendorf. 1 ).-ll RNase of concentration 100mg/ml was transferred to 

the supernatant for RNA degradati on. After the remova l of drops through spinning, 250~d 

SDE4 buffe r and 25 0~d coo led ethanol were added and mixed via pulse overtax ing. Sample 

was transferred to co ll ection co lumn at centrifuged max imuml y. Then the column was 

transferred to another co ll ection tube, flow - through was di scarded co lumns were transferred 
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to next cl ean co ll ecti on tubes and n ow-through was wasted. Im purit ies are washed away using 

75 0~t1 wash buffer and then centrifuging then at maximum speed for 2 minutes. Thi s step was 

repeated. For drying the column and avoidi ng residual contam ination col lect ion co lumn was 

centri fuged fo r additiona l three minutes. 

Finall y, the co lumn was shi fted to elution tube fo ll owing addition of 70fll elution buffer in its 

centre. To ensure complete absorpt ion of el ution buffer into the co lumn, centrifugation was 

performed. DNA was eluted and sto red at -20°C. 

3.10.1 Gel E lectrophoresis 

For confirmation of quality of DNA, ge l electrophores is was carried out. 1 g of agarose ge l was 

added to 90 ml di sti ll ed water & 10 ml TBE buffer for preparation of one percent ge l. Mixture 

was we ll heated in microwave for proper mixing. Ethidium bromide was added in the ge l after 

cooling down the get. Ge l was discharged to the moulding dish having comb and was left to 

solidify. The dish was transferred to ge l tank having IX TBE buffer. Fol lowing the detachment 

of comb, 2~t1 bromophenol blue dye was added in 3~t1 sample. The sample was mixed and was 

laddered ca reful ly in the wel ls. The sample was run on ge l at 120 vo lts for 35 mins and 400mA. 

Fi nally, the ge l was examined under UV. 

3.10.2 DNA Quantification 

DNA was quantified and purified by Nano Drop 1000 spectrometer. 

3.10.3 Metagenomic Analysis 

V4 region of 16S rRNA gene was amplified by PCR. Freq uent ly used prtlTIer 515F 

(GTGCCAGCMGCCGCGGTAA) was se lected and amplificat ion was carried out in three 

replicates using reaction vo lume of20flL (Caporaso et al. , 20 11 ). Hot Star TaqPlus Master Mix 

(Manual & Q1Aquick) and sample were used for the preparation of reaction vo lume. PCR was 

carri ed out at these sett ings: earl y denaturing, 94°C fo r 3 minutes, then tailed by 30 cyc les 

denaturation at 94°C for 30 seconds. Annealing at 53°C for 40 sec. finally amplification at 

n oc for I minute. After the entire process, confirmation of the amplifi cat ion and quality of 

the gene fragments were tested in 2% agarose ge l. Then per molecular we ight and concentrat ion 

of DNA al l the samples were comb ined with ea h other and were purified using cali brated 

Ampure XP beads. Then following the rtlumina Tru Seq DNA library preparation protocol , 

libraries were prepared via Nextra DNA sample prep kits. Seq uencing were done at MR DNA 

(Shall owater, TX, USA) by using Miseq sequence r. For analysis of the data, MR DNA analys is 

pipeline was used (MR DNA, Shall owater, TX, USA). Erro rs we re minimized and noises were 
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removed. Finall y, Operat ional taxo nomic uni ts (OTUs) we re generated, and chimeras vve re 

exc luded . OTUs were further refi ned by clustering at 3% dive rgence (s imil arity 97%) . Final 

OTUs were taxo nomica ll y classified using BLASTn aga inst cura ted database de ri ved from 

Green Genes, RDPII and RDPI (DeSantis et ai. , 2006) . 

3.11 Identification and Cha racteriza tion of Probiotics from Selected Samples 

3.11.1 Sub-culturing of P robiotics 

For iso lat ion and characterization, MRSA and M 17 media were used. After incubation for 24 

- 48 hours, iso lated co lonies were taken and were streaked on MRSA and M 17 media and were 

agai n incubated fo r 48 hours at 37°C. 

3.11.2 Preservation of Strains for Long Time 

[so lated pu re probioti cs were sto red and preserved in glycero l stock so lution. Pure iso lated 

were incubated in 700~d Trypticase soy bro th (TS B) and then incubated fo r 24 hours. After 

incubation, it was shifted to 1.5 ml Eppendorf hav ing 3 00~t1 ster il e glycerol. Glycerol were 

steri lized by putting in hot oven at 180°C fo r one hour. Probiotic conta ining suspensions we re 

then stored in 4°C refri gerator. 

3.11.3 Microscopic Examination 

The pure iso lates of probiotics were examined microscopica ll y. 

3.11.4 Gram's Sta ining 

A drop of normal sterile sa line was placed on clean dried glass slide. Bacterial co lony was 

picked and mixed with normal saline by using inoculating loo p. A thin smear was made and 

after air fixation, it was heat fixed . [ni tiall y, smear was stained with crystal violet fo r one 

minute and washed with water. To fix the crystal violet co lour, two drops of Gram's Iodine 

were added for 45 seconds and washed with water. Consequently, two - three drops of 95% 

ethanol were added fo r deco lourizat ion. Lastly, few drops of safranin were added fo r 45 sec. 

The stained slide was dri ed through air and was examined th rough microscope at 100X using 

immers ion oil. 

3.12 Biochemica l Characterization of LAB 

To characterize biochemicall y catalase, ox idase and lactose tests were perfo rmed for in testinal 

bacteria. 
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3.12.1 Catalase Test 

Cata lase tes t detects if th e organ ism carr ies a :'cata lase" enzyme that has abi li ty to detox ify the 

super ox ides and co nvert H20 2 into H20 and 0 2, To carry out the test, a smear of 24 hours 

fre shl y cul tured bacteri a was made . H20 2. 2-3 drops , was added. T he test was co ns idered 

positive when bubbles were ra ised by add in g H20 2 whil e no bubbles meant negative. 

Bubbles: Catalase positive (+) No bubbles: Catalase Negative (-) 

3.12.2 Oxidase Test 

Oxidase test is performed to co nfirm the presence of cytoc hrome ox idase enzyme. Dimethyl­

p-phen ylened iamine-d i-hyd rochl oride was a reagent used to perform the test. Upon ox idat ion, 

the co lourless reagent prese nts a blue co lour. T hen a filter paper was soaked into ox idase 

reagent. A co lony was picked with sterile loop and then rubbed against the reagent. Change in 

co lour indi cates a positive test and if it rema ins co lourl ess that means the test is negative. 

Colorless - dark purple: Positive result No colour change: Negative result 

3.12.3 Lactose Utilization Test 

Lactose utili zation test was co nducted to check if the iso lates are capab le to utilize lactose or 

not- w hich is a prope11y for confirmation of probiotics. N utri ent broth was prepared per 

manufacturer' s in struct ions and 1 % lactose was augmented to the broth. Phenol Red was added 

as a pH indicator before autoc lav in g the med ia. After autoc lav ing 10ml broth was suspended 

in a steril e tube and with inocul ati ng loop bacterial co lon ies were inoculated into the tube. T he 

tube was incubated fo r 24 hours at 37 dc. After 24 hours change in co lour was exam ined as an 

indicator for positive results. 

Red color: Lactose Negative Yellow color: Lactose Positive 
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3.13 Screening of Probiotic bacteria 

3.13.1 Screen ing for Bile Salt Hydro lase Activity 

TSA medi a was prepared for sc ree nin g the intes tinal iso lates for b il e sa lt hydrolase enzyme. 

After autoc lav in g it was allowed to coo l down until the temperature reaches 54°C and 

augmented w ith 0.5 % (w/v) salts of Taurodeoxyc ho li c acid and G lycodeoxycho li c acid . This 

media was then poured onto the petri plates. Bacterial stra ins were streaked on these plates and 

then incubated at 37°C. Prec ipitation was observed after 5 days. (Kumar et al. 201 1). 

3.13.2 Screening for Lipolytic Activity 

Tween 80 media was used for screen in g of Lipolytic activ ity of probiotics as explained by 

(Serria, 1975). Tween 80 media (lipid so urce) was autoclaved separate ly at 151b press ure for 

15 minutes. Then autoclaved TSA (11100 ml) was added to Tween 80 media. T hi s amal gam 

was poured onto the petri plates and streaked with intest inal isolates . T he plates were incubated 

for 24 -72 hours. Changed in co lour indicates pos itive results . 

3.13.3 Screening for Proteolytic Activity 

For assess ing proteolytic activity of probiotic bacteria, Milk agar plates were prepared. 100 ml 

di stilled water was taken and 2 .5g agar was added and then autoc laved. After autoc lav ing the 

media was set to coo l until 50 - 55°C. Then 10 grams ' skim milk powder were added and then 

plated. Surface dried Milk Agar plates were then streaked and were incubated at 37 °C for 24 

- 48 hours. Afte r incubation, for positive results c lear zo nes around the co lonies were observed. 

3.13.4 Screening for Amylolytic Activity 

For performing amy lolytic activ ity, starch agar plates were used. Starch ( I g) and nutrient agar 

(lg) were added to 1 OOml distilled water and were autoc laved. Selected probiotic iso lates were 

streaked lined on the dried surfaced starch agar plates. Plates were incubated at 37 °C for 24 

hours. After incubation, the plates were swamped w ith 1 % of gram ' s iodine. C lear zo nes 

around the streaked I ines were observed for positive results. 

3.13.5 Screening for Cellulolytic Activity 

[ntestina l iso lates were inoculated on CMC agar media for screening of ce llulo lytic enzymes 

activity. The media was prepared as explained by Hankin and Anagnostakis (Hankin and 

Anagnostaki s 1977). T he culture was inoculated , incubated at 37°C till five days . After 

incubation , 0.1 % Co ngo red were spread over the plate and sta ined for 30 minutes . T he stained 

plates were washed thoroughl y w ith di still ed water. T hen one molar ofNaC I was poured onto 

the plates and left for 5 minutes . Zo nes were detected for pos itive results. 
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4 Resu lts 

4.1 Effect of E nergy Restriction (Ramadan fa sting) on Human Fema le P hys iology 

4.1.1 Effect of Ramadan Fasting on Anthropometric Va lues 

Overwe ight and obes ity are initial signs for all the metabo li c diseases. Body Mass Index (BM I) 

is a measurement of overweight and obes ity (Swanton, Frost, & Maryon-Davis, 2007). Age, 

height and we ight of all the participants were recorded before Ramadan and then befo re Eid i­

e. from 25 th to 27 th Ramadan. It was observed that at the end of the study there we re change in 

we ight and BMT va lues of the pat1icipants. Weight of F4 decreased from 94 to 90 Kg, F5 

decreased from 115- I 10 Kg, F7 was reduced from 62 to 59 Kg. Wight was also reduced F l I, 

F14 and F25 .whereas we ight of F23 increased from 55 Kg to 58 Kg. Sample F3 , F4, F7, F14 

and F25 showed decrease in BMf value while F23 showed increase in BMl values . When 

average of all the Weight and 8MI va lues were taken. Weight and 8Mf both were decreased 

at the end of the study as shown in figure below. Table 4.1 shows anthropometric values of all 

the individuals before Ramadan and after the Ramadan. 
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Table 4.1: Anthropometric Parameters before and at the end of Study 

Sa mple Age Height Weight (Kg) "Veigh t at BM I before BMI at end BM I 

1.0 (I nc) before the End of Ramadan of study Status/ A !'ter 

Ramadan study 

FI 25 64 52 52 19.7 19.5 No rmal 

F2 23 62 42 42 16.94 16.94 Underwe ight 

F3 35 64 94 90 35.5 34.1 Obese" 

F4 30 68 11 5 110 38.5 36 Obese II 

F6 24 63 53 53 20.7 20.7 Normal 

Overweight/ 
F7 23 62 62 59 25 23 No rmal 

F9 24 63 52 52 20.4 20.4 Normal 

FII 25 64 55 54 21 20.8 I ormal 

FI2 25 65 57 57 21.6 21.6 Normal 

FI4 25 62 62 58 25.0 23 .4 Normal 

F20 24 64 54 54 2 1.1 2 1. I Normal 

F23 23 63 55 58 22.3 22.7 No rma l 

F25 22 62 44 40 18.3 16.7 Underweight 

F29 34 63 45 45 17.6 17.6 underweight 
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Figure 4.1: Showing mean changes in Anthropometric and BMI Values before and at 
the end of the study 

4.1.2 Effect of Ramadan Fasting on Blood Parameters 

Blood was analyzed and different parameters were recorded before and the end of the 

Ramadan. Blood was analyzed for "Total Cholesterol (TC)", "Total Triglycerides (TG)", 

"High Density Lipoprotein (HDL)", "Low Density Lipoprotein (LDL)" and "very Low Density 

Lipoprotein (vLDL)". It was observed that blood parameters have been changed after collecting 

samples before Eid. Almost all the samples had change in their blood parameters. HDL was 

increased in all samples except F3. TC was decreased in all samples except F2, FI1, F23 and 

F25. TG was decreased in F2, F12, F23 and F25. LDL decreased in all the samples except F2, 

Fll and F25. Very LDL was decreased in the samples in which total cholesterol and 

triglycerides were decreased. Significant changes were observed when mean of all samples 

were taken. Mean total cholesterol decreased from 152mg/Dl - 141 mg/dL. Mean total 

triglycerides decreased from 1 04mg/dL to 100mg/dL. Similarly, mean low density lipoproteins 

decreased from 104 to 93mg/dL. Very low density lipoprotein decreased from 21 to 19m9/dL 

whereas Mean HDL increased from 27 to 28mg/dL. Table 4.2 shows results of all the lipid 

profile for all the samples. Figure (1) shows mean values ofTC, (2) shows mean values ofTG, 

(3) shows mean values ofHDL (4) shows mean values ofLDL and (5) shows mean values of 

vLDL of all the samples before Ramadan and at the end of the study. 
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Sa mple 

ID 

FI 

F2 

F3 

F4 

F6 

F7 

F9 

F11 

FI2 

FI4 

F20 

F23 

F25 

F29 

Table 4.2: Lipid Profile values before and afte,' Ramadan 

Before After bef%e After Before After Befo re After Before 

TC TC TG TG LDL LDL HDL HDL vLDL 

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) 

191 184 68 66 139.4 13 1.8 38 39 13020 

130 140 95 102 85 90.6 26 29 19.0 

200 149 189 141 120.2 88 .8 42 32 37.8 

170 118 160 88 106 53.4 32 47 32 .0 

118 107 98 92 75.4 64.6 ?" -,) 24 19.6 

160 137 93 84 174.4 105.2 II 15 19.8 

147 145 107 105 103.6 102 22 22 21.4 

145 152 98 93 99.4 105.4 26 28 19.6 

108 102 62 63 73.6 66.4 22 23 12.4 

144 144 11 5 95 83 70 38 55 23.0 

272 199 11 5 100 207 136 42 43 23 .0 

74 100 55 93 43 24.4 20 57 I 1.0 

176 201 95 107 122 143.6 35 36 19.0 

184 169 103 98 131.4 11 5.4 32 34 20.6 
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Figure 4.2: (1) shows mean changes in TC, (2) shows mean changes in TG (3) shows 
changes in HDL (4) Mean ofLDL and (5) Mean ofvLDL at the end of Study 

Evaluation of the Impact of Energy Restriction (Ramadan Fasting) on Human Female Physiology and Gut 

Microbiome 

40 



Chapter 4 Results 

4.2 E ffect of Ramadan Fasting on G ut M icrobiome 

4.2.1 Eva luation of Ramadan Effects on Gu t M icrobiome via C ulturing Method 

4.2.1.1 Macroscopic Examination 

Fo ll owing incubati on period for 24 to 48 hours, culture plates were obse rved fo r growth of 

in test inal microbiota. Colony morphology of growth med ia for all samples were observed on 

all the fiv e media which are: BHLA, M17, MRSA, MacConkey and OGA. Co lonies on BHIA 

media plates were off white or pale yellow, irregular, circul ar and of different sizes ranging 

fro m minute to small and large hav ing either entire or undulate margins. The co lonies on M 17 

agar plates were pale ye llow and white. The morphology of co lonies was circular, evenl y 

margined and the size range fro m minute to large. The MRSA plates had pin pointed, small 

colonies hav ing pale, white and offwhite co lours while MacConkey plates were having lactose 

pos iti ve as we ll as lactose negati ve co lonies of vari ous sizes (m inute, small and big) . Some 

co lonies on MacConkey plates were hav ing rough margins while some were hav ing smooth 

margins. Finall y, OGA med ia plates showed mostly sma ll whi tish co lon ies of uniform sizes. 

However, some plates had fluffy white woo l li ke co lonies. 

Table 4.3: Colony Morphology on Media Plates 

Media C olony Colony Colony Colony Colony 

(Orga nism's type) S hape S ize Color Ma r g ins S urface 

TSA Circular! Minute Milky White Entire Raised 

(Tota l Bacteria l Count) irregular Small Pale Undul ate Flat 

Large 

M1 7 Circular Pin pointed Pale Entire Flat 

(Enterococcus/Streptococcus) Small Ye llow Smooth 

Large White 

M RS C ircul ar Pin pointed Of white Entire Flat 

(Lactic Acid Bacteria) Small Pale Smooth 

MacConkey Circul ar Min ute Ye llow Entire Flat 

(Enteric G-ive bacteria) Small Pink Undulate Rai sed 

Large 

OGA (Yeasts) C ircul ar Small White Entire Fluffy 

Convex 
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Figure 4.3: (A) and (B) shows colonies on BHIA and M17, (C) and (D) shows colonies on 
MRSA and MacConkey, and (E) Colonies on OGA plate. 
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4.2.1.2 Microscopic Examination 

Isolated colonies from media were taken, slides were prepared and stained with Gram stain and 

lacto phenol cotton blue stain. Air dried slides were observed under microscope using emersion 

oil. BHIA plates contained gram negative bacilli and gram positive cocci and bacilli both. 

Colonies on M17 agar plates were gram positive when were seen under microscope. MRS 

colonies were gram positive bacilli. Colonies on MacConkey agar plates were identified gram 

negative bacilli. Lacto phenol blue strain was used detect colonies on OGA media for yeast. 

Figure 4.4: shows staining results (a) shows Gram Positive Lactobacilli (b) Gram 
positive Lactococci 

Figure 4.4: (c)Yeast 

4.2.1.3 Colony Forming Unit Count (CFU/Gram) 

Colony forming units were summed by colony counter for purpose of influence of Ramadan 

fasting on the human female gut floral assortment. Five different media were used and colonies 

were counted on each plate. This was an irregular method to guess the expanse and kind of 

microorganisms existing earlier and later the study in the female gut. 
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On BHI A total bacterial count was noted between 2.9 x 108 and 2.9 x 10 10 CFU/g. On M 17 

media pl ates Streptococc us and Enterococc us were counted from 2.9 1 x 108 to 3.58 x 109 

co lonies per gram of sample. Similarl y, estimated number of Lactic Ac id Bacteri a on MRS 

agar plates was documented between 4.58 x 103 to 8.82 x 105 co lon ies/g. 

Number of Gram negative enter ic bacteria on MacConkey med ia was recorded between 0 to 

2.0 x 107 CFU/g. Yeasts were counted 1.0 x 10 1 
- 8.90 x 105 CFUlg on OGA medi a plates. 

When mean of al I the values was taken, notable changes were observed at the end of the 

Ramadan. 

Average aerobic bacterial coun t was signifi cantly decreased at the end of the study as shown 

in Figure 1. Figure 2 shows that Enterobacteria count increased at the end of the study. Figure 

3 shows fun ga l count increased at the end of study. Average lactobaci I1us co unt was 

signifi cantl y decreased at the end of the study as shown in Figure 4 whi le Figure 5 shows 

increased mean Gram Negative Streptococci and Enterococci count. 
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Figure 4.5: Showing mean changes in (1) total aerobic microbial count (2) Gram 
negative enteric count (3) Fungal count (4) lactobacilli count and (5) shows average 

streptococcus count at the end of the study. 
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4.3 Grouping of Participants via Anthropometric, Physiological and CFU Change 

Anthropometric values, physiological parameters and gut microbiology was recorded before 

and at the end of study. A clear change was seen in all parameters when comparison was made 

with each other. All the samples were grouped together based on these parameters. For 

selection of samples for metagenomics, clustering was performed using Agglomerative 

Hierarchical Clustering (AHC) statistical software and distance between different groups were 

calculated with Pearson Correlation Coefficient (p < 0.05). The software showed the graphical 

presentation of clustering in a dendrogram. The clades in dendrogram divided all the samples 

into three clusters or groups. F23, F7, F6, Fl, FII and Fl2 were grouped together. F25, F29 

were in same group. F4 and Fl4 presented a group and F9 were totally different from all the 

samples. F7 and F23 were taken as representatives for two groups. These representative 

samples were selected for metagenomic analysis. Figure given below represents all the samples 

in different similar clusters. 
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4.4 Evaluation of Ramadan Effect on Human Female Gut Microbiome through 

Culture Independent Method 

4.4.1 Gel Electrophoresis 

Gel electrophoresis was performed for conformation of the presence of DNA 

Lane 1: F71 

Lane 2: F7ll 

Lane 3: F23 I 

Lane 4: F23 II 

Figure 4.7: Gel Electrophoresis results 

4.4.2 Nanodrop 

Results 

Quantity and quality of the extracted DNA was checked by nanodrop. The quantity and purity 

of the extracted met the criteria for metagenomic analysis. F71 showed highest quantity while 

F7II showed the lowest. Quantity & purity of the samples are given in the table below. The 

results for nanodrop are shown in a table 4.4. 

Table 4.4: Nanodrop Results of Selected Samples 

Sample ID ng/111 A260 A280 260/280 

F7 I 553.60 1l.072 5.503 2.01 

F7 II 18.46 0.369 0.268 l.38 

F23 I 25.03 0.501 0.371 l.38 

F23 II 66.23 1.325 1.038 l.28 

4.4.3 Metagenomic Analysis 

DNA fragments were sequenced and filtered, low quality reads were removed. The remaining 

reads were analysed computationally and assigned to phylum, genera and species based on 

similarity. Highest similarity tag was set 97% for assigning the read to species. 
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Comparative abundance analysis of overall bacterial diversity in the present study contains 365 

species. After setting a limit of < 0.1 % for comparing bacterial species, 79 species were left for 

F7 whose weight was decreased at the end of the study and 88 were left for sample F23 who 

gained weight in Ramadan. 

When OUT's were counted, and compared, it was seen bacterial count has decreased to 

significant level in F7 while for F23 it decreased but at negligible level. Table depicts over all 

bacterial counts in both the samples. 

Table 4.5: Total OTUs Count before and after the Ramadan 

Sample ID 

F23 

F7 

S 5.00£+05 
.w 4.00£+05 

§ 3.00E+05 

8 2.00£+05 
::J 1.00£+05 

b 0.00£+00 

Number of Number of OTUs 
OTUs before After 

389062 250090 

262936 261588 

TotalOTUs 

Before Ramadan Latter in Ramadan 

Figure 4.8: Bacterial total count 

4.4.4 Diversity Index 

Alpha diversity, relative abundance and dominating bacterial species were determined by using 

OUT's, number of reads, Shannon and Simpson index. The total number ofOTU ' s were high 

in samples collected before Ramadan as compared to OUT's obtained after Ramadan. It was 

observed that diversity evenness and richness were improved in sample F7 latter in Ramadan. 

but no such change was seen in sample F23 at the end ofthe study. The table and figure shows 

diversity index of all samples before and after study. 
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Table 4.6 Diversity Index of all the samples before and at end of the study 

Sample Number of Number of Shannon Simpson Index Observed 
ID OTUs Reads Index Species 

B. F23 389062 277 3.43 0.48 277 
A. F23 250090 276 3.71 0.82 276 

B. F7 262936 278 3 . .36 0.85 278 
A. F7 261588 277 3.29 0.94 277 

Diversity Index 
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Figure 4.9: Showing Diversity indexes of selected samples before and after the Study 

4.5 Changes at Phylum level 

Remarkable changes were observed at phylum level. Firmicutes, Bacteriodes, Actinobacteria, 

Proteobacteria, Cyanobacteria and Spirocheates were the dominating phylum in both the 

samples. Firmicutes were making the largest part of both the samples with bacteriodes on 

second number. After Ramadan percentage of Firmicutes and Bacteriodes were decreased in 

both the sample. Protebacteria were increased in sample F23 but not in sample F7. At species 

level sample F23 show changes in number as well as type of species before and after the study. 

Before Ramadan Roseburia facies was the highest species making 17% of the total bacterial 

population which decreased to 1 %. Prevotella copri was 16% which decreased to 8.6%. 

BifidobacteriumAdolescentis was decreased from 8% to 5.8%.faecalibacterium spp. Decrease 

from 6.09% to 1.9%. Ruminococcus flavefaciens from 5% to 2%. While some species were 

increased e.g. Shigella sonnei increased from 0.1 % to 16%, clostridium spp. from 3% to 14% 
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Clostridium perfringen, from zero to 10% and Subdoligranulum spp. from I to 5%. Sample F7 

also show changes in species Clostridium spp. were reduced from 22% to a negligible amount 

of 0.09%. Clostridium disporicum reduced from 8.6 to 3.2%, Turicibacter spp. from 7 to 1 %, 

Oscillospira spp. Ruminic/ostridium, Clostridium termitidis from 4% to 0.1 %, some species 

were increased at the end of the study like Ornithinibacillus sp. was increased from 0.01 

percent to 24%, Lachnospira spp. increased from 0.01 percent to 6% and lachnospira 

pectinoschiza from 0 to 3 percent. Figure shown below shows the percentage of each phylum 

before and at the end of study. 

100% 
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~ 40% -= ~ 
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~ 

~ 

0% 
B.F23 A.F23 B.F7 A.F7 
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_ Firmicutes - Bacteroidetes - Actinobacteria Proteobacteria 

- Cyanobacteria - Spirochaetes - Elusimicrobia 

Figure 4.10: Phylum level changes in all samples before and at the end of study 

4.6 Changes at Species level 

The abundance and types of species were also changed at the end of study in both samples. In 

sample F7, initially there were total 280 species having 97% similarity index before Ramadan. 

After omitting species having < 0.1 % relative abundance 68 remained whereas there were total 

278 species in F7 group having 97% similarity index at the end of Ramadan. After omitting 

species having < O.l % relative abundance 56 remained. Clostridium spp was dominated in F7 

group before Ramadan whereas Ornithinibacillus sp. were dominated in F7 group after 

Ramadan. Some of the dominating species in F7 before Ramadan were: Clostridium spp 

(22.99%), Ruminococcus spp (8.63%), Ruminococcus spp (7.85%), Turicibacter spp (7.49%) 

and Oscillospira spp (4 .28%). The dominating species after Ramadan were: Ornithinibacillus 

sp (27.84%), Lachnospira spp (6.12%), Ruminococcus spp (6.06%), Lachnospira 
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pectinoschiza (3.96%) and Pseudomonas putida (3.76%). All dominating species are shown in 

figure below. 
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Figure 4.11: Showing percentage ofspecies in F7 before and at the end of study 

Similarly, changes were seen in sample F23 at the end of study. There were total 277 species 

in F23 group having 97% similarity index before Ramadan. After omitting species having < 

0.1 % relative abundance 68 remained. Roseburiafaecis was dominated in F23 control group 

before Ramadan. The five most occurring species were: Roseburia faecis (17.16%), Prevotella 

copri (13.06%), Bifidobacterium adolescentis (8.52%), Faecalibacterium spp (6.09%) and 

Ruminococcusflavefaciens (6.09%) whereas there were total 276 species in F23 group having 

97% similarity index at the end of Ramadan. After omitting species having < 0.1 % relative 

abundance 52 remained. Shigella sonnei were dominated in F23 group after Ramadan. The 

other dominating species were: Shigella sonnei (16.30%), Clostridium spp (14.98%), 

Clostridium perfringens (10.71%), Prevotella copri (8.61%) and Subdoligranulum spp 

(5.89%). The results are shown in figure 4.12. 
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Figure 4.12: Showing percentage of species in F23 before and at the end of study 

4.7 Species Level Changes in all Samples 

Overall, changes occurred at specie level in both samples at the end of study. To see the 

changes, limit of 1% was adjusted for all bacterial species. It was observed that some disease­

causing species were decreased at the end of study like Dorea spp, Clostridium spp, 

Intestinibacter clostridium bartlettii were decreased. The table below shows changes in sample 

and the functions of bacterial species. 
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Tab le 4.7: L ist of Bacterial species w ith their functions, changed in all gt·oups at the end 
of th e Study 

S pecies Function Type of change 

Shigella sonnei Pathoge ni c Increased 

Subdoligranulum spp. Wide range of fe rm entation Increased 

OlseneLLa spp. Mouth fi ora, prevent tooth decay Increased 

Collinsella aerofaciens Wide range of fermentat ion Increased 
(Carbohydrates) 

Dorea spp. IBD Decreased 

Lactococcus plantarum Prob iotic Increased 

Faecalibacterium spp. Electron shuttl e Decreased 

Dialister succinatiphilus Prop ionate producer Decreased 

Faecalibacterium E lectron shutt le Dec reased 
prausnitzii 
Intestinibacter clostridium Human pathogen Decreased 
bartlettii 
Paraprevotella spp. Xylan producing bacte ria Decreased 

Roseburia faec is Probioti c Decreased 

Oscillospira spp. Unknown Decreased 

Eubacterium Cho lestero l reducer Decreased 
coprostanoligenes 
Ruminococcus spp. Ce ll u lose degrader Decreased 

Ruminiclostridium Human pathogen Dec reased 
clostridium 
Paludibacter spp. Propionate producer Decreased 

4.8 Comparison of G ut Bacteria with other Published Data 

To know the differences and s imilarity of Pakistani gut bacterial population w ith other 

countries, pub li shed data was compared. It was observed that Pakistani gut bacterial population 

resembles with China gut bacteri a l populat ion. 
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Table 4.8: Gut Comparison 

Cou ntr USA Korea Ja pan China India Pakista n 

y 

Do minan Firll1i cutes Bacteriodes Acti nobacteri Bacteriodes Firll1icutes Firll1i cutes 

t Phylum a 

Dominan Fi rll1i cutes Bacteriodes Bacteri odes Firll1icutes Firll1icutes Firll1icutes 

t Croup Dacteriode Actinobacteri Actinobacteri Proteobacteri Actinobacteri Proteobacteri 

s a a a a a 

Referenc Mueller et aI. , 2006 Dehingia et Present study 

e al., 20 I 5 

4.9 .. Identification and Characterization of Pro biotic bacteria from selected feca l samples 

For iso lat ion of probiotic stra ins, co loni es were se lected f rom MRSA and M 17 agar p lates of 

se lected samp les. Total of e ight stra ins were iso lated fro m both media. The strains iso lated 

from MRSA plates were labe ll ed as F7 i, F7 ii , F23 ii whil e strai ns on M17 were labe ll ed as f7 i. 

f7 ii , f23 i & f23i i. 

4.9.1 Microscopic Identification 

A ll selected strains were gram stai ned before microscopy. MRSA strai ns were gram positive 

bacilli whereas strains fro m M 17 were gram positive cocci. The stra ins appeared purple under 

microscope which confirms initial recruitment for probiotics bacteria. 

4.9.2 Biochemical Identification 

For biochemical identification , strain s fro m MRSA and M 17 were se lected. These samples 

were investigated for catalase, oxidase and lactose fermentation . 

4.9.3 Cata lase Test 

Cata lase test is performed to detect the probiotic stra ins as all probiotics are cata lase. No bubble 

fo rmati on occurred fo r all the MRSA and M 17 iso lated stra ins, fu lfi lling a criterion for 

se lect ion of probiotics. 
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Figure 4.9.13: F23i & F23ii (catalase -) and F7i & F7ii (catalase -) on M17 

Figure 4.9.14: F23i & F23ii (catalase -) and F7i & F7ii (catalase -) on MRS 

4.9.4 Oxidase Test 

Results 

Change in filter paper colours indicates positive results. All four strains on M17 showed 

negative result for oxidase test which is a property ofprobiotics as shown in figure below. 

Figure 4.9.15: Left figure shows F23i and F23ii (oxidase-) on M17 while right shows 
F23i and F23ii (oxidase -) on MRS 

4.9.5 Lactose Utilization Test 

Probiotic ferment Lactose and form lactic acid lowering pH of the media. This test was 

performed for all the isolated strains. All the strains transformed the red color media into yellow 

color after incubation showing positive results as shown in figure. 
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Figure 4.9.16: F23i (positive) and F7i (positive) on MRS 

Figure 4.9.17: F7ii (positive) and F723ii (positive) 

4.10 Screening Tests for Probiotics 

4.10.1 Screening for BSH Activity 

Results 

TSA media was used to grow isolates supplemented with Bile salts. After incubation period of 

5 days at 37°C, some strains showed BSH activity. 

Figure 4.10.18: shows (a) BSH Positive and (b) BSH Negative test 
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4.10.2 Screening for Lipolytic Activity 

Tween 80 was used as a lipid source TSA was supplemented with Tween 80 along with phenol 

red as an indicator for screening for Lipolytic activity. The media was incubated for two to 

three days at 37°C. Change in colour indicates positive results. 

Figure 4.10.19: Lipolytic Positive and Lipolytic Negative test 

4.10.3 Screening for Proteolytic Activity 

Milk agar media was used for screening of proteolytic activity. Clear zones were observed 

around the colonies on Milk agar media. 

Figure 4.10.20: Proteolytic Positive test on sample F23i 

4.10.4 Screening for Amylolytic Activity 

Starch media was used for screening of amylolytic activity. Selected isolates were incubated at 

37°C for two days. Clear zones were seen that indicates positive results. 
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Figure 4.10.21: (a) Amylolytic Negative and (b) Amylolytic Positive tests 

4.10.5 Screening for Cellulolytic Activity 

CMC media supplemented with NaCl Congo Red was used for screening of cellulolytic 

activity. Strains were positive when clear zones were seen when washed with NaCI. The figure 

shows positive results for cellulolytic activity. 

Figure 4.10.22: Cellulolytic Positive Results 

4.11 Biochemical Characterization Results for all Strains 

Samples F23ii, f23iii, f23iv and F7i showed maximum tested probiotic properties and 

remaining three samples showed minimum probiotic properties while one sample F23i.showed 

all the tested probiotic properties. The table below shows biochemical characterization of all 

strains. 
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Table 4.10.9: Biochemical and Enzymatic Cha t"act~rizatio n Results of Intestinal Isolates 

Stra i Cata las Oxidase BSH Lipolyti Proteolyti Amy lolyti Cellulolyti 

n id e c c c c 

F23i Negativ Negat iv Positive Positive Pos iti ve Pos iti ve Pos iti ve 

e e 

F23ii Negativ Negat iv Positive Negat ive Positive Positive Positive 

e e 

f23iii Negativ Negati v Positive Positive Positive Negative Positive 

e e 

f23iv Negativ Negativ Positive Positi ve Positive Negative Positive 

e e 

F7i Negativ Negativ Positive Negative Positive Positive Positive 

e e 

F7ii Negativ Negat iv Positive Negative Negative Positive Positive 

e e 

f7 iii Negativ Negativ Negativ Positive Positive Negative Positive 

e e e 

f7iiv Negativ Negativ Negativ Negative Posit ive Negative Positive 

e e e 
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5 Discuss ion 

Human body is a host of tremendous mi croorga ni sms. Most 01' these microbial ce ll s res ide in 

human gut. It is reported that human gut is co loni zed by 10 \-1 microorgani sms (C lark & 

Coopersmith , 2007). The number of these microbes are ten fo ld more than the human somati c 

ce ll s. These microorgani sms are collecti ve ly known as Gut Microbi ota and their genome is 

kn own as Gut Microbiome. The gut microbiota encodes 9 x 107 unique genes whose product 

perfo rm more than a host ' s genomic products (Yang et at. , 2009). [t is considered that a huge 

num ber of microorganisms bel ong to bacteri al ce ll s, compri sing of 1000 spec ies with 

Firmicutes and Bacteriodes - the most dominant groups (Honda & Takeda, 2009). All healthy 

indi viduals contain specific and bal anced gut microbi ota under normal circumstances. Thi s 

fl ora remains stable over large time and their collecti ve genome can be used as alternative to 

fin ge r print. Studies have reported a direct relationship between intestinal microorgani sms and 

human health . It is we ll established that balanced gut microbiota is crucial fo r maintaining host 

phys iology and hea lth (Jandhyala et at. , 201 5). The normal and balanced condition of the gut 

bacteri a is called orthrobiosis. However, under some conditions an imbalance of gut microbi ota 

occurs which is termed as dysbiosis. The dysbios is of gut has been assoc iated with variety of 

di seases like obes ity, all ergies, cancers, auto immune di seases and many other metaboli c 

di so rders. The initial contributors for metaboli c di seases are obes ity and over weight (Vuksan 

et at. , 201 6). Over the past years, research is more focused on gut modulation fo r managing 

and controlling gut assoc iated di seases like obes ity etc . Various methodologies have been 

employed for gut modulation. Some of the main methodologies includes modulation by 

antibiotics, synbioti cs, prebiotics, probiotics, weight-loss surgeri es and faecal transplantation 

(Cueva et at., 20 (7). "Eat less I ive better and longer" is another suggested way for curing all 

the chronic di seases . Weight loss therapies have proved to be effective and effici ent for 

managing metaboli c di so rders. They reli eve depress ion, improve cardiovascular status, reduce 

obstructive sleep apnea etc . (Scheen, 2017). 

Energy Restriction (Fasting) is type of we ight loss therapy that is being used since ancient 

times. R.esearches conducted have shown that energy restriction results in weight loss and 

ameliorated blood profi les . An extensive literature is present to support health implicati ons of 

Ramadan fasting (A loui et at., 2016). Ramadan imparts pos iti ve impacts on inflammatory 

di seases, sleepiness patterns and mood swings etc. [t is also proposed that type of the diet and 

time in between the meals have impact on gut microbiota and human hea lth (Leser & M0lbak, 

2009). 
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Therefo re, the curre nt study aims to cond ucted the impact of the Energy Restrict ion (Ramadan 

fasti ng) on human fe male phys iology and human gut microb iome. The purpose of our study 

was to rationali ze the assoc iation of Ramadan fasting on gut mi crobiota. The objective of study 

consists of eva luat ing the im pact of Ramadan fast ing on gut microbiota. The study also in tends 

to fi nd if Ramadan enhances benefic ial bacteria or dec reases bad bacte ri a. Fo r thi s purpose, 

blood and faeca l sampl es were co ll ected twice befo re and after the Ramadan. The samples were 

co ll ected fro m thirteen vo lunteers of age ranging from 22 to 3S years who were fast ing fo r the 

entire month of Ramadan. We ights of pat1icipants were reco rded befo re Ramadan and at the 

end of Ramadan. It was observed that I to S Kgs were reduced at the end of study. These results 

are inconsistent with the prev ious fi ndings where it was concluded that on average, 2-3 Kg 

we ight gets reduced du ring the mo nth of Ramadan (Hallak and Nomani 1988, Aloui et aI. , 

20 16). Surpris ingly, few vo lunteers also gained we ight. Reasons fo r gaining we ight is use of 

energy dense di ets and no exercise or phys ical ac ti viti es in Ramadan. (Sav itri et aI. , 201 6) . 

Another rev iew also supports same phenomena that intake of energy rich dense foods with no 

physical act ivities is the reason fo r we ight ga in (Sadeghi rad, et al. , 201 4) . Consistent with 

we ight loss, it was observed that lipid profi le of the all the vo lunteers was also improved. ft 

was seen that "Total Cholestero l (TC)", "Total Triglycerides (TG)", "Low Dens ity 

Li poproteins (LDL)" and "very low Density Lipopro teins (vLDL)" were decreased at the end 

of study whereas "High Density Lipoprotei n (HD L)" was increased at the end which is a good 

lipoprote in . These results are supp0l1ed by extensive li te rature studies that showed simil ar 

resul ts (Abdelgadir et aI. , 201 5; Ara et al., 201 6; Antoni et aI. , 20l 7). Abdelgadir and co­

workers in 201 5 conducted a study on three diffe rent nations and it was seen that people using 

normal di ets with phys ical act ivities have improved lipid profil e after Ramadan while people 

eating more or energy ri ch diet or doing no or limited phys ica l acti viti es have no change in 

their lipid profil e at the end of Ramadan (A bdelgadir et aI. , 201 S). Yeoh et ai, performed a 

study in 20 15 on 29 vo lunteers in Singapore and at the end of the study he concluded that 

we ight was reduced and lipid profil e was also improved in vo lun teers who were taking normal 

di ets ro utine di ets and doing phys ical act iviti es (Yeoh et aI. , 20 15). 

The study presented that the tota l bacterial num ber was red uced at the end of Ramadan which 

is a support ing ev idence suggest ing the impact of Ramadan on gut microbiota. Before 

Ramadan, the samples had more bacterial ri chness whereas at the end of Ramadan the richness 

was dec reased and di versity was increased. These fi ndings have been prev iously reported in a 

study conducted by Mokkala et al. They inspected overwe ight fe males had high bacte ri al 
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ri chness that caused hi gh seru m zonulin and leaky gut (Mokka la e/ af. , 20 16). Another research 

concluded that increased ri chness is linked with paras iti c gut (A ndersen et af. , 20 16). The 

dec rease in bacte reia l richness is pos itive ly co rrelated with intestinal bacteri a. Ma ine and Ke ll y 

explained that increased in tes tinal bacteri al di versity is good for in test inal fl ora. Increased 

diversity means there is more potential to degrade and metabo lize va iety of nutri ents in gut 

(Maine & Ke ll y 20 16). Befo re Ramadan bacteri al di versity was dec reased in F7 sample but at 

the end of the study it was increased showing that gut is modulated pos it ive ly. 

In a current study, the bacteria l evenness was lowered (0.4 - 0.8 per Simpson's Index) before 

Ramadan whereas it was increased at the end of Ramadan from 0. 8 - 0.9. The results are like a 

study done by Tito et af . They studied the impacts on bacteri al ri chness and reported that 

decreased richness is assoc iated with chronic inflammati on (Tito et af., 201 7) . Anti ­

inflammatory bacteri a like Bifidobacterium were increased in sample F7 . Gioielli et al find out 

that inu lin is the key component that favo urab ly increase the number bijidobacteria f spp (de 

Souza et af ., 20 17) . It can be assumed that the participant consumed insulin ri ch di et. These 

fi ndings are consistent with our results as all samples had LactobaciLLus spp as gut res idents 

that play pivota l ro le in lip id metabo lism (Tamarit et a f. , 201 6). 

The overall bacterial profi le of sample F7 was im proved. Before Ramadan it had highest 

percentage of Clostridium spec ies whereas at the end of study it had highest percentage of 

Ornithinibacillus sp. The clostridium spp. was reduced from 22% to a neg I igi ble amount of 

0.09%. Cfostridium disporicum reduced fro m 8.6 to 3.2%. F7 before Ramadan, carri ed high 

Firmicutes then Bacteri odes and low proteobacter ia. At the end of the study, Firmicutes and 

Bacteriodes were reduced and proteobacteri a was increased up to 11 %. While in sample F23 

no significant changes were seen. Shin et ai, conduct a study to invest igate dysbios is and 

di seases by metagenomics. He fo und and concluded that too hi gh and too low Proteobacteria 

are signs of dys bios is. A minor percentage of Proteobacteri a « 12%) is known healthy one 

(S hin , Whon, & Bae, 201 5). 

The sample F23 showed unusual pattern of bacterial populat ion at the end of study. Before the 

study it had highest percentage of Roseburiafaecis (17.6 %) and PrevoteLLa copri ( 13%) while 

at the end of study the dom inating group was Shige LLa sonnei ( 16 %) and Cfostridium spp 

( 14%) . Both spec ies are human pathogens and the ir source is raw meat and poul try. One source 

of Shigella sonnei is also drin king contaminated water (Thompson & Baker, 20 15). There coul d 

be many reasons fo r increased Shigella sonnei and Clostridium species in human faeca l. One 
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poss ible reason might be th at parti cipant did not take hyg ien ic food and wate r. As the 

part icipant was hostel resident and the di et pattern showed that she mostl y ate meat thro ughout 

the Ramadan. Other poss ibl e cause many be the shredding off mechani sm of these path ogens 

by human commensa l bacteria, mucosal layer and epithe li al lining of intestinal gut. The 

commensa l bacteria and mucosa l laye rs might have prevented co lonizati on of ShigelLa sonnei 

(A nderson et al. , 20 16). The dec rease in Bifidibacteriu111 at the end of stud y may be assoc iated 

with increase we ight. Increased Roseburia spp are associated with gall stone formation 

(Tamana i-S hacoori et al. , 20] 7). Wh ile increased Prevotella copri are assoc iated with auto 

immune diseases (Campbell , 2014). 
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6 Conclus ion 

Intest inal fl ora is the key component hav ing direct as we ll as indirect in tluence on human hea lth 

and phys iology. Hea lthy gut flora is often assoc iated with good hea lth whil e dys biosi s is linked 

with variety of di seases. Research has been focused to mod ul ate gut flora for curing and 

management of chro ni c disease . Various ways are tried for modulati on of the gut and still 

researches in vest igate a safe and cheap way to modulate gut fl ora. Diet based therapies are 

proposed safe one. Ram adan fasting is extensive ly studied diet based therapy for di ffe rent kind 

of di seases and di sorders. Ramadan fasting improves blood profil e and reduces body we ight 

thus improv ing overall phys iology of the humans. It might have role in modulation of the gut 

microb iota. 

In the present study impact of Ramadan fast ing on human phys iology and gut microbiome was 

investi gated by collecting samples from nor-mal hea lthy individuals who fast for 30 days of 

Ramadan. it was observed that Ramadan have impact on the phys iology of the humans such as 

we ight loss or ga in and changes blood parameters. Impact on the gut microbiome was checked 

by culture dependent and culture independent methods. [t was observed that pos iti ve impact of 

phys iology was associated with positive change in gut microbiota. Weight loss was associated 

with increased bacterial diversity and evenness. While we ight gain was linked with decreased 

bacterial diversity and reduced evenness and the change was host spec ifi c. 
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7 Future Perspectives 

Human gut microflora has been studied extensively over the past two decades. Structure, 

function and diversity of gut microbiota has been explored. Methods for modulation of gut 

microb iota for management of diseases have been investigated and suggested. Similarly, 

Energy restriction and Ramadan fasti ng have been in vestigated broadly. They have been 

linked with heath and disease. But impact of energy restriction and Ramadan fasting on gut 

microbiota has limited number of publications. Thi s fields needs much more to be exp lored . 

In future effect of Ramadan fasting on gut microbiota can be stud ied on whole metagenomic 

leve l, transcriptomic level as well as at proteomic level for better understanding of the effects 

at functional level (genes, proteins). Similarly, diet specific intervention can also be carried 

out to know which diet is more efficient in terms of modulation. Effects can be studied at 

various research populations like diseased and normal ones, samples of specific diseases or 

disorders. Molecular mechanism how Ramadan effects can be studied in further stud ies. The 

gut microbiota is a vital metabolic organ. However, not much is Imown about how an 

individual's microbial species interact, establish a dominat ing position, and react to variations 

in envi ronmental facto rs such as diet. 
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