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Summary. Aim. The aim of this study is to determine whether exercise and nutrition style has an effect on the
intestinal microbiota diversity. Materials and Method: 15 healthy male volunteers between the ages of 18 and 24
participated in the study and they were grouped in three as professional athletes (n=5), amateur athletes (n=5)
and sedentary individuals (n=5). “Stool samples” were taken from the participants once to find out their intes-
tinal microbiota diversity, metagenomics analysis was conducted with New Generation Sequencing Method by
using Illumina MiSeq analyzer and “Nutrient Consumption” questionnaire was given to find out their nutri-
tional habits. Minitab 17 and SPSS 20.0 programs were used for the statistical analysis of the results and signifi-
cance level was taken as p<0.05. Results: In our study which analyzed the species diversity, according to Shannon
index, it was found that the group with the highest species diversity was the professional athletes group, while
the group with the lowest species diversity was the sedentary individuals group. According to the Phylo diversity
index, the group with the most phylo diversity was the professional athletes group, while the group with the least
species diversity was the sedentary individuals group and a significant difference was found between amateur-
professional, amateur-sedentary and professional-sedentary groups in terms of phylogenetic diversity (p<0.05).
In addition, it was found that professional athletes had a diet consisting of protein predominantly, amateur
athletes had a diet consisting of carbohydrates predominantly and sedentary individuals had a diet consisting of
vegetable-fruit predominantly. Conclusion: it is thought that exercise influences intestinal microbiota diversity
positively and different diets also have an influence in different microbial diversity between groups.
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Introduction

The gastrointestinal system is a complicated eco-
system that consists of hundreds of different microbial
species and which hosts a highly developed microbial
community. The human body includes approximately
10 trillion parenchyma cells; however, there are ap-
proximately 100 trillion microbial organisms within
the community composition in the intestines depend-
ing on lifestyle and diet. These live bacteria which host
a unique combination of about 500-1.000 different
bacteria in every individual make up the intestinal mi-
crobiota in humans (1).

Intestinal microbiota, which generally lives in the
mucosa of the digestive system, has various functions

primarily in digestive and also in metabolic, physi-
ological and immune system in the host organism.
Intestinal microbiota, which begins to shape starting
from the beginning of development, is shaped through
being influenced by many factors such as diet, exercise,
drug use, smoking and stress and microbial diversity
has a significant effect on immune function, diseases
and health (2).

The diversity and number of intestinal microbiota
differ during a lifetime. The diversity of intestinal mi-
crobiota and the rates of strains are very important.
With a wrong rate, some strains with a positive effect
on health can turn into pathogens (3). The periods in
which there is little diversity in intestines are consid-
ered as a risk factor in the development of diseases (4).
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Along with sedentary life, food quality and low-value
food consumption decrease the variety of intestinal
flora and cause diseases (32). Loss or deterioration
of intestinal microbiota diversity has been associated
with many diseases such as autism, intestinal diseases,
allergy, diabetes, cancer types and obesity associated
with variable characteristics (5).

‘When the literature is reviewed, it can be seen that
there are a great number of studies showing that exer-
cise combined with a correct and healthy diet increases
bacteria diversity in intestines and positively influences
bacteria composition. Exercise prevents the occurrence
of health problems, physical capacity, biochemical pa-
rameters, has a positive effect in reducing the level
of stress. (6;33). It has also been found that exercise
can increase the number of beneficial microbial spe-
cies, enrich microflora diversity and heal the develop-
ment of commensal bacteria (7). In the Gut Project,
in a study conducted with 16 individuals, it was found
that mild exercise had a positive influence on intestinal
microbiota diversity (8). In a study analyzing the mi-
crobiota diversity of African and European children,
it was found that European children had less intesti-
nal microbiota diversity and more Firmicutes species,
which is effective on obesity, since they have dietary
programs in which there is more western ready food
consumption and since they have immobile lifestyle
(9). In a study that analyzed the intestinal microbiota
of individuals who were given the Mediterranean diet,
it was found that the number and diversity of healthy
microbial species increased and also weight loss, lipid
profile improvement and decrease in inflammation
occurred in these individuals (10). It was found that
extreme animal fat intake and too much sugar con-
sumption caused a decrease in intestinal microbiota
diversity and an increase in pathogen species (4).

In the regulation of number and diversity of use-
ful species in intestinal microbiota, using factors such
as changes in diet, pre/probiotic supplement and ex-
ercise can have an important place in preventing the
formation of diseases by reversing the effects of intes-
tinal germs on the body or in the treatment plan of
diseases. In this context, this study is important as it
will provide the response to the question that the way
of exercise and nutrition will enable to have a healthy
and diverse microbiota profile.

The aim of this study is to determine whether ex-
ercise and nutrition style has an effect on the intestinal
microbiota diversity.

Materials and Methods

15 healthy male volunteers between the ages of
18 and 24 participated in the study. The participants
were grouped in three as professional athletes (n=5),
amateur athletes (n=5) and sedentary individuals
(n=5). In the study, professional athlete group trained
for 2 hours a day and 4 days a week, while the amateur
group trained for 2 hours a day and 2 days a week. The
sedentary group did not perform any physical activity.

In the study, criteria that could affect intestinal
microbiota were determined beforehand and the par-
ticipants who did not meet the criteria were excluded
from the study. The inclusion criteria were as follows:
not having used antibiotics at least for three months,
not being on a diet, not using the probiotic and pre-
biotic supplement, not having any bowel disorder and
in the athlete group having a sport age of 5 years and
longer.

All the groups were informed about the procedure
and the study a week before the study. Voluntary con-
sent forms from participants and 40990478-050.99
dated and 20.06.2018 numbered ethical board ap-
proval report from Konya Selguk University Faculty of
Sport Sciences Deanship Non-interventional Clinical
Researches Ethical Board were taken.

Nutritional and dietary habits of the participants
were found by “Nutrient Consumption questionnaire”
with face to face interview method. For microbiota
analysis, stool samples of all participants were taken in
2 25 ml volume sterile spoon stool collection contain-
ers for one time only and kept at -20 C storage condi-
tions. After all of the samples were collected, they were
taken to the Medical Microbiology laboratory where
analysis procedures would be performed.

DNA Isolation

200 mg of the stool sample taken from the partici-
pants was transferred to tubes with a glass bead of 0,11
mm diameter and 300 pL buffer (200 mM Tris-HCl,
pH 8.0; 20 mM EDTA; 10% Triton X-100) and ho-
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mogenized at 6000 rpm for one minute. 10 pl Lizozim
(200 pg/pl) was added on the sample transferred to a
new tube and incubated at 37 °C for 15 minutes. Later
250 pl lysis buffer (0,5 pg/ul Proteinase K, %5 Tween®
20, 3M Guanidinium thiocyanate, 20 mM Tris-HCl,
pH 8.0) was added in the sample and incubated for 15
minutes at 70 °C and later for 5 minutes at 95 °C. Next,
250 pl isopropanol was added in the sample and was
exposed to silica columns with centrifugation. DNAs
bound to silica column were washed twice with wash
buffer (20 mM NaCl, 2 mM Tris-HCI pH 7,5, %80
v/v Ethanol). DNA eluting was performed with 50 uL
100 mM Tris-HCI, pH 8,0 and kept at -20 “C until
the DNAs were analyzed. The amount and quality of
the DNA in samples DNA isolation of which were
completed was measured with spectrophotometric
methods and their suitability for subsequent steps was
tested. Other molecular procedures were conducted
with DNAs that had an OD260/0D280 rate of 1.8-
2.0, 0D260/0D230 rate of 2.0-2.2 and at least 10 ng/
ul (preferably 50-300 ng/pL) concentration.

New Generation Sequencing (NGS)

Connector DNA sequences were added to the
5" end of target-specific primer pairs for compat-
ibility with Illumina index and sequence adapters
of the generated library. 16S rRNA-specific target
primer-connector sequences were aligned as 5"TC-
GTCGGCAGCGTCAGATGTGTATAAGAGA-
CAG-CCTACGGGNGGCWGCAG-3’ for forward
primer and as 5-GTCTCGTGGGCTCGGAGA-
TGTGTATAAGAGACAG-GACTACHVGGG-
TATCTAATCC-3’ for backward primer. The first
PCR was applied by using “Biospeedy® Proof Reading
DNA Polymerase 2x Reaction Mix” and 200 nm from
each primer. The following thermal cycle program was
followed in the PCR device: 3 minutes at 95°C; 25
cycles 30 seconds at 95°C, 30 seconds at 55°C and 30
seconds at 72°C; 5 minutes at 72°C. PCR product was
purified by running an agarose gel, confirming the size
(~550 bp) and by using “Biospeedy® PCR Product
Purification Kit”. The second PCR step and double
index and Illumina sequencing adapters were added to
purified first PCR sample by using Nextera XT Index
Kit (Illumina, USA) and the following thermal cycle
program was followed: 3 minutes at 95°C; 8 cycles 30

seconds at 95°C, 30 seconds at 55°C and 30 seconds at
72°C; 5 minutes at 72°C. PCR product was purified
by using “Biospeedy® PCR Product Purification Kit”
(Bioeksen, Turkey). The final library was confirmed
for size (~630 bp) by using Bioanalyzer DNA 1000
chip. The final library was diluted to 4 nM by using
10 mM Tris pH 8.5 and aliquots of 5 pl were mixed
to form a library pool. For clustering and sequencing
preparation, the pooled libraries were denatured with
NaOH, diluted with hybridization buffer (HT1) and
denatured with temperature before MiSeq sequenc-
ing. Illumina MiSeq v3 reaction kits were used in runs.
Minimum 5% PhiX was added in each reaction for in-
ternal control. Raw sequence data (the one with com-
bined forward and backward reading) was sorted out
by using the Qiime2 2018.11 version (https://qiime2.
org/), degraded and analyzed. First index and primer
sequences were trimmed and later original sequences
were completed. The unaligned sequences at both ends
of the sequences were removed by filtering and error
check was performed. Contamination was prevented
by pre-clustering. For Chimera elimination, settled
UCHIME (11) code was used. Sequences were classi-
fied by using a settled classifier for Qiime2. Reference
and taxonomy will be obtained from Qiime2 database.
After the operational taxonomic unit (OTU) was cho-
sen and the taxonomic assay was made according to
the Qiime2 database, OTUs were grouped according
to their phylotypes. The obtained microbial commu-
nity profiles were compared with each other by using
R software and dendrograms were formed. Emperor
software was used to calculate PCA ordinations and
the subsequent correlation analysis. 0.052p results
were considered as statistically significant.

The following indices were used to find out the intesti-
nal microbiota between groups.

Alpha Diversity (o-Diversity)

Alpha diversity (o-diversity) is the diversity in a
single ecosystem or sample. The simplest criterion is
the number of species (or OTUR) or richness observed
in the sample. In order to calculate the diversity of spe-
cies in a specific area or habitat, indices defined with
specific functions are used. These indices are called
diversity index. A diversity index is the mathematical
measurement of species diversity in a population. Di-
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Table 1. Age, height, weight values of groups

n x+sd Minimum Maximum

Professional footballer 5 18.00+0.00 18 18

Age (years) Amateur footballer 5 18.80+1.30 18 21
Sedentary 5 21.80+1.30 21 24

Professional footballer 5 181.20+3.96 176 187

Height (cm) Amateur footballer 5 182.80+5.21 175 187
Sedentary 5 174.20+2.38 170 176

Professional footballer 5 74.00+5.78 68 83

Body weight (kg) Amateur footballer 5 73.20£7.91 65 84
Sedentary 5 68.60+10.31 55 82

versity indices simply provide more information than
species richness (that is, the number of species) about
the composition of the community; in addition, they
also take into consideration the relative abundance of
different species. Diversity indices provide important
information about the rarity and cooperation of spe-
cies in a community. The ability to measure diversity in
this way is an important tool in terms of understanding
the structure of the society.

a.Shannon Diversity Index (H)

Shannon diversity index (H) is an index used to
characterize the diversity of species in a community. It
is used to measure the entropy (ambiguity or content
of information) in the sequence of the text. The more
the index value is, the higher the diversity is.
b.Phylogenetic diversity

Phylogenetic diversity is the measure of biologi-
cal diversity including phylogenetic differences be-
tween species. It corresponds to “Branching is part of a
cladogram and minimum branching path is minimum”
and it is defined and calculated as the total of all these
branching. Phylogenetic indices are used in spatial
analyses of biological diversity resulting from the pres-
ence of phylogenetic branching and the presence of
tools to analyze these. The most commonly used phy-
logenetic index is Faith’s Phylogenetic Diversity (12).
PD is the phylogenetic analog of taxon richness and
it is expressed as the number of tree units in a sample.

Statistical Analysis

The obtained microbial community profile was
compared by using Minitab 17 software (Minitab,
England) and dendrograms were formed. Minitab 17

software was also used for the calculation of PCA or-
dinations and the following correlation analyses. The
obtained data were analyzed with SPSS 24 (Statistical
Package for the Social Sciences) program and descrip-
tive statistics were used in data analysis; significance
level was taken as p<0.05.

Results

The results of the present study are presented in
the following tables respectively.

According to Shannon index, the highest value
and species diversity was found in professional ath-
letes, while the least species diversity was found in the
sedentary group.

According to phylodiversity index, the group with
the most phylodiversity was the professional athletes,
while the group with the least phylodiversity was the
sedentary group. In addition, a significant difference
was found between amateur-professional, amateur-
sedentary and professional-sedentary groups in terms
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Figure 1. Shannon Diversity Index (H) of the groups
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Figure 2. Phylogenetic diversity of the groups

of phylogenetic diversity (p<0.05).

It was found that the participants consumed
meat, egg and legumes 3-5 times a week. It was found
that 53% of professional athletes, 17% of amateur
athletes and 30% of sedentary individuals consumed
meat, egg and legumes 3-5 times a week. In the study,
it was found that 37% of professional athletes, 14%
of amateur athletes and 49% of sedentary individuals
consumed fresh vegetable-fruit 1-2 times a week and
30% of professional athletes, 45% of amateur athletes
and 2549% of sedentary individuals consumed bread
and cereals 3-5 times a week.

Discussion

The results of our study which examined the mi-
crobial diversity and nutritional styles of professional
and amateur athletes and sedentary individuals are dis-
cussed respectively below.

In our study, the groups with the highest species
diversity according to Shannon and Phylogenetic di-
versity index values were professional athletes, amateur
athletes and sedentary individuals, respectively.

In their study they examined the intestinal mi-
crobiota profile between active and sedentary women,
Bressa et al., (2017) reported that low doses (max. 3
hours a week) of continuous physical activity modu-
lated microbiota profile and increased the abundance
of bacteria which support health in microbiota and
they were associated with little microbiota richness
in sedentary lifestyle and reported that further stud-
ies should be conducted to find out which doses and

kinds of movement and exercise had an effect to in-
crease microbiota diversity. In their study, Choi et al.
(2013) found that there were differences between a to-
tal of 2510 bacteria taxon between rats which exercised
and sedentary rats and that Lactobacillus arrangement
was more in rats which exercised. Codella et al. (2017)
found that as a homeostatic stimulant, exercise in-
creased the number of benign microbial communities
and diversified the intestinal microbiota. In another
study on rats, Mika et al. (2016) found that exercise
was influential on intestinal microbiota and BMI and
exercise from early ages had positive effects on intes-
tinal microbiota. In another study, it was reported that
exercise had positive effects on the number and di-
versity of useful bacteria in intestinal microbiota (17).
The rats which were randomly grouped in three were
assigned to sedentary, voluntary wheel turning (low
intensity) and compulsory treadmill exercise (high in-
tensity) groups. It was found that microbial communi-
ty structures of the three groups clustered separately in
the intestinal region and unlike the hypothesis of the
study group, voluntary wheel turning (low intensity)
group had decreased bacteria richness when compared
with the sedentary and obligatory treadmill exercise
(high intensity) group. In addition, it was reported that
bacterial taxons of both wheels turning and treadmill
exercise rats changed. According to the results of this
study, it was found that voluntary wheel and compul-
sory treadmill exercise changed the intestinal microbi-
ome of the rats differently (18). In a study conducted
with male rats, it was found that voluntary wheel turn-
ing exercise increased microbial diversity and caused
increase especially in the genus of Actinobacteria and
Lactobacillus (9). In a study which examined the ef-
fect of Tai-Chi exercise on intestinal microbiota, the
existing evidence showed that exercise can increase di-
versity in intestinal microbiota and this diversity could
be affected by diet, genetic and environmental factors
and it was reported that optimal intensity, frequency
and duration of exercise should also be known for use-
ful effects on intestinal microbiota (19). In their study
conducted on rats, Houghton et al. (2017) found that
exercise did not have an effect on intestinal microbio-
ta dysfunction; however, exercise increased intestinal
microbiota diversity. In another study that compared
the microbiota of rugby players, obese and healthy
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Table 2. Distribution of nutrient consumptions of the samples according to groups

Fre quency of con sumption

NUTRIENT Everyday 3-5timesaweek 1-2timesaweek Every15days Onceamonth  Never
MEAT, EGG, LEGUMES
Red meat Professional - - 3 60 1 20 - - - - 1 20
Amateur 1 20 1 20 1 20 1 20 1 20 - -
Sedentary - - 2 40 1 20 1 20 1 20 - -
Chicken Professional - - 4 80 1 20 - - - - - -
Amateur - - - - 4 80 - - 1 20 - -
Sedentary - - 3 60 2 40 - - - - - -
Fish Professional - - - - 5 100 - - - - - -
Amateur - - - - 2 40 2 40 - - 1 20
Sedentary - - - - 1 20 2 40 2 40 - -
Egg Professional 2 40 2 40 1 20 - - - - - -
Amateur - - 2 40 1 20 - - - - 2 40
Sedentary 4 80 1 20 - - - - - - - -
Legumes Professional - - 4 80 1 20 - - - - - -
(dry bean, Amateur - - 1 20 3 60 - - 1 20 - -
chickpea,lentil) g g 1 20 1 20 2 40 - -1 20 - -
FRESH VEGETABLE-FRUIT
Green-leafy Professional 1 20 1 20 2 40 - - - - 1 20
vegetables Amateur 1 20 3 60 - - 1 20 - - - -
Sedentary 2 40 1 20 1 20 - - 1 20 - -
Other Professional 1 20 1 20 2 40 - - - - 1 20
vegetables Amateur 1 20 3 60 - - 1 20 - - - -
Sedentary - - - - 4 80 - - 1 20 - -
Other fruit Professional 1 20 3 60 1 20 - - - - - -
Amateur - - 1 20 3 60 - - - - 1 20
Sedentary - - - - 4 80 1 20 - - - -
BREAD AND CEREALS
White meat Professional 3 60 1 20 - - - - - - 1 20
Amateur 3 60 2 40 - - - - - - - -
Sedentary 5 10 - - - - - - - - - -
Wholemeal Professional 1 20 2 40 - - 1 20 - - 1 20
bread Amateur - - - - 1 20 - - 1 20 3 60
Sedentary - - - - - - - - 2 40 3 60
Rice Professional - - 1 20 2 40 2 40 - - - -
Amateur - - 1 20 4 80 - - - - - -
Sedentary - - 1 20 4 80 - - - - - -
Bulghur Professional - - 2 40 1 20 1 20 - - 1 20
Amateur - - 1 20 4 80 - - - - - -
Sedentary - - - - 1 20 2 40 - - 2 40
Pasta Professional - - 3 60 2 40 - - - - - -
Amateur - - 1 20 4 80 - - - - - -
Sedentary - - 1 20 3 60 1 20 - - - -
Bakery Professional - - 1 20 4 80 - - - - - -
products Amateur - - 1 20 3 60 - - 1 2 - -
Sedentary 1 20 - - - - 3 60 - 1 20
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subjects, it was found that rugby players had healthier
species and diversity (21).

The factor of diet plays a key role in shaping mi-
crobial diversity. In our study, it was found that profes-
sional athletes had a protein dominated dietary style,
while amateur athletes had a carbohydrate dominated
dietary style and sedentary individuals had a vegeta-
ble-fruit dominated dietary style.

In a study in which a high-fat diet (with and with-
out exercise) and normal diet (with and without exer-
cise) were applied on rats, striking values were found in
the microbiota profiles compared. It was found that ex-
ercise with both high fat and normal diet caused great
changes in Bacteroidetes and Tenericutes phylum and
a decrease in these species (22). In a study conducted
with athletes, it was found that the athlete group con-
sumed more protein when compared with the control
group and they had a microorganism profile that had a
high diversity representing 22 different phylum posi-
tively correlated with creatine kinase. In addition, it
was reported that exercise played a significant role in
the relationship between microbiota, host immunity
and host metabolism; however, it was also reported
that microbiota diversity is a complex issue including
diet (5). Estaki et al. (2016) found that intestinal mi-
crobiota diversity was associated with aerobic fitness in
healthy individuals and diet protein moderated micro-
bial community composition. In another study, Geng
et al. (2019) found that professional athletes who had
predominantly protein diet had more clostridium spe-
cies when compared with sedentary individuals. In one
study conducted on rats, it was found that insufficient
pomace intake with diet decreased microbial diversity
and caused significant changes in microbiota composi-
tion (25). In intestinal microbiota of individuals who
had Mediterranean diet, Prevotella, Lactobacillus and
Bifidobacterium bacteria rates and fecal SCFA level
were found to be high (26). In a study which examined
the intestinal microbiota of women who lived in urban
and rural areas, women who lived in the rural area were
found to have more microbial diversity due to reasons
such as less environmental pollution and natural diet
(27). In a study conducted, it was reported that irre-
spective of diet, exercise increased microbial diversity;
exercise capacity could be influenced by the presence
of various microbiota and high-fat diet increased in-

testinal inflammation and exercise could decrease this
inflammation and increase intestinal epithelium integ-
rity (28). In a study by Wu et al. (2011), long term con-
sumption of a diet rich in animal protein and saturated
fat was associated with Bacteroides group (enterotype
1), while long term consumption of a diet rich in com-
plex carbohydrate was associated with Prevotella group
(enterotype 2). It was found that when compared with
low-fat diets, high-fat diets significantly decreased fe-
cal short-chain fat acid concentration and bifidobacte-
rium count. In a study conducted on rats, the high fat
diet was associated with low Lactobacillus intestinalis
and species producing high amounts of propionate and
acetate such as Clostridiales, Bacteroides, Enteroabac-
teriales. In addition, it was reported that in rats which
consumed high-fat diet, microbial changes in the in-
testine influenced metabolic endotoxemia induced
inflammation (30). Kopf et al. (2018) reported that a
diet rich in vegetables could create an antiflammatory
effect by changing microbial diversity.

In our study, it was found that professional and
amateur exercise had a positive influence on intestinal
microbiota diversity and that the results were in paral-
lel with the literature. It is thought that the difference
in preferred dietary styles has an effect on the different
microbial diversity between groups. Conducting future
studies that include a greater population and differ-
ent branches and training methods and which examine
different dietary styles of same level athlete groups will
contribute to healthier results in this field.
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