CHAPTER 3

3.1 Introduction

RESEARCH METHODOLOGY :%

This chapter describes the research methodology u toichie\ie the objectives
of this study. The description of study criteria i.e., re esign, Waﬂon and
L ]

research instruments are outlined. The informatio the study pa |c’pa heir
inc

selection criteria and the sampling method are a Iudgd. h instru?rents and
N

procedures used for data collection are describe S use analyze the

data are discussed. Lastly, the meth

explained.

3.2  Research Approach an

Thisisa case-u%xgdy participants aged between 25 to

70 years old and fr e threelm ]

pa@%’ants who attended the diabetes clinic,

included. The S Were
& ¢ C,)
Klinik Kesﬁ' tan_Ampang ? ere g_ggnosed with T2DM for at least 1 year. The

controI% r-dia%_c subjects attending the outpatient department
(opbm

a non-communica \gease screening (NCD) in Klinik Kesihatan Ampang
an? F

PG of <6.1 mmol/L.



3.3 Study Location/Setting

The study was conducted in Klinik Kesihatan Ampang, Selangor tthas

one of the main clinics in Ampang to be attended by individuals from !a%ethnic

groups. The research laboratory in the Faculty of Medicine and Health Science at

Universiti Sains Islam Malaysia (FPSK USIM, Nilai) was used t%i;e the samples

collected. Y.

3.4  Target Population % 3 [ _\c}
The diabetic and non-diabetic adults Y&mulﬁé' opulation around
5
Ampang in Selangor, Malaysia. ? é

\ *
; &
3.5  Study Population 6 &
“« Q-
\l &)
The study populati(wgg ste1< patients @ing the diabetes clinic and

outpatientdepartment%i KIini‘Is esi taﬁ ang, Selangor. Hence, they were

either confirmed di %or noT- i

groupsinMalama\ : | (SQ
(0 / 4 (JC"

. -3
\ pling method knﬁ as probability sampling with systemic stratified

§\g will be used. The sample size was calculated using online Open Epi

ic and ged to one of the three major ethnic

culator, based on data from Kannan et al. (2017), on the relative abundance of

bacterial phyla Firmicutes (diabetics 21%, controls 51%) and Bacteroidetes (diabetics
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73%, controls 46%). With the confidence level set at 95% and power of study set at
80%, the calculated sample size using Fleiss is 37. Additional 20% non-respor?me
was added bringing a total of 45 per arm and 90 subjects overall. Faecal will
be collected from 15 T2DM and 15 nonDM Malaysians of each Maldy%nese and

Indian ethnicity making the total number of samples, 90 i.e. [ (15+15)¥ = 90].

3.7 Inclusion and Exclusion Criteria z '

| @
Inclusion criteria: 2 e
Y' N N
i. Diagnosed with T2DM for less than 10 y% .1 E\T
__ ey &
ii. FPG level of > 7.0 mmol/L O
iii. Followin dicati i i,DM St' A1' tudy.
g a medication regimesfor ¥ mg;q study
‘é ‘&
Exclusion criteria: \ l¥ ‘\A

i. Intake of antibiotics %I tics fc‘)'r he sté m@ths

NS :CJQ
ii. Acute infection'( dia@nary t?gmfection (UTI), respiratory infections]
N

iii. Chronic i%\r camplic ?'(d idemia, chronic kidney disease, cataract,

heart-re%%!ase,“h tory' o Stgk%jgastrointestinal disease, cancer, and recent
k%

surge
&’
i \leed in dietary interventions.

I%E
0 heelchair bound (may have difficulty in collecting stool without contamination)

vi. Pregnant or lactating



3.7.2 Inclusion and Exclusion Criteria for NonDM Participants
Inclusion criteria:

i. Absence of T2DM diagnosis s )

ii. FPG of < 6.1 mmol/L

iii. Individuals who came for NCD (non-communicable disea: ning.
Exclusion criteria: '
i. Intake of antibiotics or probiotics for the past 3 mo ’ C-}
Y
ii. Acute infections [fever, diarrhea, urinary tracty n U'Pf), ratoq&.fections]

iii. Chronic illness or complications (dyt'pWa, chtﬁ)ni dney disease, cataract,
rointesti

heart-related disease, history of stroke, testin

\ A

surgery) c) Q>v C‘}&

iv. Involved in dietary interveNE. Aj \A&
L

v. Wheelchair bound (%; difficulty i olee@ stool without contamination)
' &
N8 @)

vi. Pregnant or Ia&

(—)
&
S
S



3.8  Methodology Flowchart

| Case control Study [

|
Recruitment of eligible participants with informed consent T
HbAlc (Glucose control), | _ T2DM,n=45_ _ 1 _ NonDM, n=45 _ i
Years diagnosed & - Malay 15 Malay 13 '
Medication N Chinese 15 Chinese 15 \d
Indian 15 Indian 15 ° Y'

‘

Anthropometry

Socio-demography & Blood for biochemical

measurements (FPG, LFT, RP & FSL)

! ’é\ J"S

T ;

Correlational Analysis (SPSS)

—bl Gut Microbiota

¥

I Data Analysis (QIIME2 & Microb

I TaxonomyAssignment I I Phylogenetic Ana

Discussion

:: Systematic review |

| PROSPERO Registration |

|

Defining eligibility criteria & search strategy

v

I Systematic search in 3 database

y

Selection of articles based on PRISMA

v

Quality Assessment of selected articles
with Newcastle-Ottawa Scale (NOS)

A 4

Data Extraction

A 4

Compilation and discussion on findings

A

Systematic Review write-up

r s

X
S

QE Figure 3.1 Methodology Flowchart.
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3.9 Research Instruments

3.9.1 Questionnaire
A questionnaire was used in this study to collect information on tE&@Ct’s
Cco

socio-demography (age, date of birth, gender and ethnicity). This part als ted of
the subject’s history of smoking, if the first-degree family had a histo jabetes, and
the subject’s other health problems if any. V

3.9.2 Anthropometry .\d,
Ag

The weight and height of the particip@ recoya'nm&ﬁinical
<

- 4
weighing scale (ZT-120).

(\I: W\ {\T
\ C§
3.9.3 Blood Request Form \T

A completed request for ood fests  provi \by the doctor to all the
_ ; & _

study subjects (refer to Appendix B) od s{a\ples were collected in two

ethylenediamine tetra—tetic ac' (EDTL) tu (Z@)e) with the help of the medical

7y

% o

4
personnel in the clinwe loo s Were in@ﬂiately sent to the laboratory unit at
C

Klinik Kesihat &oan ess ith hematology analyzer (Beckman
S
Q.1 )¢
d v-): Yg\
3.9.&)0 Collection Kit (_,}'
e

he stool kit was provided for all the study subjects. The stool collection kit

G ined sterile gloves, a faeces catcher (a strip of fecal collection paper that fits on a

Coulter).
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toilet seat) (Zymo Research) and a 200ml stool container with a screw-tight lid and

3.9.5 Lab-Work Tools and Machines
The stool samples were homogenized by using Mini &5::1 (Biospec

Products). The DNA extraction was carried out with the Z o mics DNA Miniprep

spoon.

extraction kit (Zymo Research). The concentration wa c!uan ied using
nanophotometer (Implen Nanophotometer) and fl metric quanti tlo @ant
Broad Range dsDNA Quantification Kit). Y:\

N

LN,
VAP S
3.9.6 Data Analysis Software % é

. N 4 7
A Linux based software IIM alitati éuaghts into Microbial
:_% 6 e,

Ecology) (version 2021.8) w. to cenduct owns@l analyses with the data

obtained from sequencmg eta ta file jused 4 QIIMEZ was validated with
KEEMEI, a Google s%i on t egl:g validity of bioinformatics file

formats (Rideout \2016’

constructed by
Sé\mon 25) was used for correlation and statistical

II
Microbio aI us
(Dhari ¥ 201f)
\,
an\
‘% In systematic review, the electronic databases i.e. PMC-NCBI (PubMed Central

0 National Centre for Biotechnology Information), MEDLINE Complete, and

CINAHL (EBSCO Host) were used for the systematic search of articles.

taxo diagrams and visualizations were

cro@Excel The R software (version 4.0.2) in

t cons&g,ct rarefaction curve and for diversity analyses
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3.10 Operational Definition

Variables Operational Definition ey

T2DM Individuals with FPG > 7.0 mmol/L (Clinical Practice 'de‘es,
2015) c

NonDM Individuals with FPG < 6.1 mmol/L (Clinical Practice, Guidelines,
2015).

Ethnicity The ethnic class of individuals as reported the national

registration identification card (NRIC).

Gut Microbiota The bacterial phylum and genus found in es based on ASV
Composition table obtained from 16S rDNA amplicon s

e encmr.
Alpha-diversity The species richness (presence o e of s;ﬁzsb#)bserved

ASVs and Chaol indices) and e ss (freq f species

occurrence by Pielou’s evennesstindex) as well as b ictn swd

evenness (by Shannon index) wi mples (Chon et’al._,\ )
the stidy groups

based on unweighted Un presen e of ASVS),

weighted UniFrac (differenc relative_abundan well Bray-
Curtis dissimilarity gnatri nalys%f i ilar<< obial species)

(Chong et al., 2020 O
Abundance The percentagg of relative dan pegﬁc bacterial phylum &
genus from t I numbe gter A‘QJ d across all samples
(Young et dl%20 N
[} A
Clinical The anthro etry Su menta %/II, height and weight),

Characteristics demo IraF;X(ag ,di profil
para&ﬁLFT, Pa SL)qgn
g@ | >
to 6

PreDM ithegisplated impaired fasting glucose (IFG) (6.1
at@aired glucose tolerance (IGT) (with

Beta-diversity The differences in gut microbiotastructurg’betwe
in

G) as well as the biochemical
study participants.

—

TT: >7.8 and <11.1mmol/L) (WHO,

/

xil'm T [FPG (> 7.0 mmol/L), 2-HPP (>11.1
ith HbAlc from > 6.5% and have not begun anti-
abeti dic s (Clinical Practice Guidelines, 2015).
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3.11 Definition and Normal Range of Variables Measured in this Study

Variables  Definition Normal Range
BMI A health index that uses an adult’s weight and According to Asian-Pacific %EI

height to estimate the amount of body fatinan (WHO  Expert C(fu i
2

individual. 2004)

Underweight <18. m
Normal weight:18.5-23kg/m?

Overweight: 23 Bekg/m?
Obese > 27.5 kg/
FPG The blood glucose level measured after a fasting < 6.1 mmoN
period of 8 hours.
TP A measurement of total protein found in the L z
blood. |

Alb A measurement of the protein albumin in blood  35-

ALP 05 U/
These enzymes which are mostly found in li ' _{’)
ALT is an indicator of the liver health 31 U/, Y~
| b

TB This is a measurement of both direct and in%ct mo\

bilirubin found in blood.
Ur The amount of urea measured,in
the kidney health
Na
K These are electrolytes me ﬁ% the blo 52 e\ mol/L
assess kidney function I
Cl g 95 mmol/L
-produci les L)tféo pmol/L
found in the bl ts the efficiency of «»,
filtration system in'kidney. i ‘%
TC A measure of both HDL and sdh QE(/)?. < 5.7 mmol/L
TG A mea Nhe amtunhh in th@% of < 1.7 mmol/L
trigly&f und i _bloo

CD[
=i
)

o

—+

w

Cr A by-product of e

N
HDL-C [@M‘go choles (}’lne in blood. > 1.4 mmol/L
LDL-C owfl as ‘bad cholesterol’ n& red in blood. < 3/9 mmol/L
HDL/T T, ratioé ? HDL “evels reflects lipid > 25%
ody.

estimate blood sugar level and glucose control
for the past 3 months GOOd glucose COIltI'Ol < 6.5%

| Poor glucose control > 6.5%

etabolism i
N
K A glycated haemoglﬁga measured in blood to <6.5%

Source: (Clinical Practice Guidelines, 2015)



3.12 Data and Samples Collection Method

Participants were enrolled in this study between November 2019 t mr
2020. Participants were briefed on the study purpose and design and pro '%signed
consent form (refer Appendix C). The anthropometric and socio-dem;g%ic details
of the participants were measured and recorded in a questionnai% Appendix D).
Additionally for the diabetic patients, period since diagnr?w T2DM and the
medication taken were also recorded. The participants wer an a')pointment date
for blood taking after overnight fasting. Blood sampl ere take d clq?.l,cal

parameters i.e., liver function test (LFT), renal pr RP), fastl g 'Ilpki‘?FSL)

W y. T%\_XAR test
was also included only for T2DM partlcu%t&e particip werg?%given a stool

collection kit and explained the CON cedure f rope@ool collection to

and FPG were measured in the Klinik Kesihata Wan

minimise contamination from the m n w re a@ised to return the tubes
within two hours of collectio coIIect samples' w ansported in an icebox to

the laboratory and stored at befof fur pro g
l
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3.13 Genomic DNA Extraction

I Sample preparation |

I DNA Extraction I

g
O

ocC

| DNA Sample QC |

| Amplicon PCR QC

lJﬂ

Amplicon library

preparation

v

AN

| 1¢stagepcr |
v
| 2 stage PCR
v
| PCR clean-up 2
oc |
Sl
Sample loading A W é
Library normalization,
pooling and O<<
denaturation
S
S
“« Q-
Figure 3. 2 i robim%’Analysis.

The stool samples Qe pr ujﬂ;b gut microbiome analysis, as shown

in Figure 3.2. &i cal q@

DNA) was extracted from 90 faecal

samples A c xt ction ef! alieyerformed using only water instead of faecal

materlal, gative on

. The thawed faecal samples (0.20g) were

tran f e 0ZR Bash ngBead\gE~ is tubes with 750uL of Lysis Solution. Then, these

re homogenized by bh beating for 1 minute at 4800rpm [For optimization of

eating time and speed, DNA from two stool samples were extracted with varying

d beating times (0 — 3 min) and speeds (0 — 4800 rpm). The best bead beating time
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and speed were determined based on optimum concentration (> 20 ng/ul) and minimal
smearing in agarose gel electrophoresis, of the DNA extracted.] Yv

The homogenized faecal suspension was centrifuged at 10,000 x g f@w and
the supernatant (400 pL) was applied to the Zymo-Spin I11-F Filter a ifuged at
8,000 x g for 1 min. The ZymoBIOMICS DNA Binding Buffer (1.2 Was added to
the filtrate in the Collection Tube. Later, 800 pL of the mi UN applied to the
Zymo-Spin IICR Column and centrifuged at 10,000 x m

in' This step was

repeated after discarding flow-through. DNA Wash Bu (40 quplied to
8

the Zymo-Spin IICR Column centrifuged at 10,0(@ 1 minute. er’D@%sh
Buffer 2 (700 pL) was added to the Zymo-Spi olm i uge@io,ooo X
g for 1 minute and this step is repeated wit I;’Y;‘asb\Bu 2 (20@3_;. Next, 100
ML of DNase/RNase Free Water was\mo the col and@ﬁbated for 1 min,

then centrifuged at 10,000 x g for 1%% toe u\DN$ g@*DNA was applied to
N
the Zymo-Spin 1I-HRC Filter,%ged aq 8,000 x«g fo in, and stored at -20 °C

&

expected @/e a concentration of at least

.'9)@ Az60/A230 (1.8 and above). For

until processing. The gDN tracted 1
(1.7

20 ng/ul and DNA pu 60/ A2g0

T51
5 &
samples with low ¢ ntrati@y, theé(amction was repeated by first diluting
0.209) i
¢

the stool sampl n S a@,‘éntrifugation at 10,000 x g for 1 min to

!

remove any i rities. The w. ea' st@??ellets were then used to proceed with DNA
NN

extracti% ing o ytocolé\

X
9
% \DNA Quality Control and Sequencing

A total of 90 samples of gDNA and two negative controls were submitted to

Qmical Scientific Sdn.Bhd. for 16S rDNA sequencing. The following gDNA quality
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control (QC) along with the 16S rDNA sequencing were performed by the service

provider (Appendix E).

2|

Firstly, the quality of gDNA was checked on 1% TAE agarose gel {Aliguets of

¥

1 pl gDNA were run on 1% TAE agarose gel at 100V for 60 minutes: was run

¥

along a 1kb ladder and a positive control (50 ng of the bacterial gDNA.Fhen, the gDNA

&

bands from the gel were checked for signs of degradation or_contamination for each
;a

sample. The concentration of gDNA was again measured nophotometer and

fluorometric quantification (refer Appendix F). .\d
"X,
np arfd afplified

e T eﬁ tha [gésed the
\ "

amplicon PCR QC were eligible for Iibw epan\tion. The icon library

preparation was done with 2-Step P% rding to ina@%s metagenomic

library preparation guideline (IIIum@jOlB).ga?ie be'\f\passed the library QC
N,

were normalized and pooled ac%\o thg‘prot recatﬁﬁended by Hlumina. This

o

The purified gDNA was then proceeded to al

using locus-specific sequence primers, 341

&
is followed by sequencing % M‘S p form@ MiSeq Reagent Kit version
3. This generated mor% miIIioﬁh‘u @r-end format with a 300bp read
length (IIIumina,g\ @

' O
NN
3.15.1 @;Qd D')f <
A L}‘}'
\

The 300 bp paired-end (PE) raw reads obtained from service provider was
ultiplexed, i.e., split into two individual fastq files (forward and reverse reads) for
Ozh sample. Then, the sequences were aligned, merged and denoised using Divisive

Amplicon Denoising Algorithm 2 (DADAZ2) pipeline (version 1.14) (Callahan, 2020).
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These steps are crucial to remove and/or correct read errors, remove low-quality
regions, chimeric errors and merge denoised paired-ends reads (Nearing et al.,

The quality control of the DADAZ output were analysed and visualized us@iQC
(Ewels et al., 2016) (Figure 3.3). This is a web-based software that ana&M\e quality
of sequencing data and highlights any potential problems in data pmdowstream

analyses. The end result is an amplicon sequence variant (AS\‘!Mhich stores the

\do
| _@T
i

number of times each ASV was observed in each sample.

DADA? Statist

[

& 50000

=

=

)

o

5

£, 40000

% BERaw

s

E W Filtered
g 30000 B Denoised
Z BMerged
=

‘Ié W Non-chimeric

[
=
g
=

10000
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g
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s
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&
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3.15.2 Taxonomy Assignment

The ASV table were used for further downstream analyses of tax
classification and calculation of the relative frequency of ASVs in each sam@VA,
a 16S rRNA gene reference database was used to prepare a QIIMEZ'AWen et al.,
2019) compatible SILVA-based 16S-taxonomy classifier (Quast et &0’3; Robeson
et al., 2021). This trained classifier, based on the amplicon-specific reference sequence

files, identified and clustered the similar ASV representati i (obtained from

the study population) at 99% similarity for each t y | VW Sreated a
SV sequenges/ '@?:his
eta%’ ata\f,%.'m study
participants) were used in QIIME2 to vis taﬁno i distri@n‘zr:in Phylum

and Genus level in all study partmpar\) é

In respective study groups betes s / g@’ricity, the percentage
ﬂg S
abundance of phyla and the ge%ﬁ 9e thamp190 a&@ance were visualized by

using Microsoft Excel. Th Ncuj cterpidetes(F/B) ratio was calculated by
/B),

taxonomy file with the assigned taxonomy labels

taxonomy file, the ASV frequency table a

G

using a standard for “h‘em) is the relative frequency of

Bacteroidetes ani@e reI ncg-'[irmicutes (Gaike et al., 2020). The
ulated f

F/B ratiowas ¢ or le a@’(e average ratio for each study group was

tabulated S (JC—)
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3.15.3 Diversity Analysis

The MicrobiomeAnalyst, a web-based software that analyses and visuawm
microbiome data was used for data normalization and diversity analyses @}al et
al., 2017). This software generated a rarefaction curve that displa ASV’s
sequence length for all the samples. Based on the minimum ASV SGW that could
retain most of the samples, the suitable sequence length (13, 900 reads/sample) was
selected for data normalization. This step excluded o m ith the lowest
sequence count of 3649 and only 89 samples were used er fo dw‘nalyses.
ta divefsity whith _@g;ved
et aI" Alp@aiversity
ce o‘ \s in a@hple) by using

Observed species and Chaol. The g %iota eve (d@ﬁutlon of species

The diversity analyses includes both alpha a

the protocol available in QIIME 2 software

analysed gut microbiota richness (presence‘er ab

abundance in a sample) is analyse ing Pielou Yes m@x while both species
richness and abundance (the fr f species curre a sample) are analysed

by using the Shannon ind hdl\l onthe a is of gut bacteria structure
Xr ure

between the study g% e m‘e‘) f/ Ing three dissimilarity matrices:
weighted UniFrac, elghtedl nd Curtls These matrices were used to
construct a Pri |pa alys CoA) plot. This plot highlighted the

clustering P s in b terlal 0 m@s between the study groups (Chong et al.,

49



3.15.4 Statistical Analysis

The participant characteristics based on diabetes status and/or ethn@
analyzed using the SPSS v25 (McCormick et al., 2020). The contin @ga was
expressed as mean + standard deviation (SD) for normally distributed cL%d median
(interquartile range, 1QR) for non-normally distributed (skewed) data while categorical
data was expressed in frequencies, n. The parametric test, VA (Analysis of
Variance) [post-hoc test (Bonferroni)] was used for normalic nu0L$ data while the
non-parametric test, Kruskal-Wallis test (pair-wise comparisen with Ma it@ U

N
test) were used for non-normal continuous data. h normal and nAo&b&a data,

_ . _ : 4 b ¥
simple logistic regression analysed the contlwy\/arlablg e CQ:eQuare test
analysed the categorical variables (Ramalc's 016). Q

Each alpha diversity metric m’z ith ? nt’_kgst for normal data
us

A
and Mann Whitney U test for non- dﬂa y g SPSSy(Dhariwal et al., 2017).
9 %
The beta diversity measureN en the gr(@? were analysed by using

N
PERMANOVA (per tatRal Multivari ﬁ@ms of Variance) test by using
2018) i€ d

QIIME2 (Hall et al., he ta& a?@@s expressed in prevalence (%) and

abundance (%). T@om' 'diff ces az@}g study groups were analysed by using

KruskaI-Wall% ann-Whit }J t&t-) he p-values were corrected using False

Discover %DR) ith the'Be (Jin-Hochberg method to account for multiple
5

comp {)ﬁ&astly, Spear n,c\,&'r'elation was used to test the association between

&

anw.)metric, demographicﬁhd clinical characteristics in all study participants

>

=%

k-Barry et al., 2017). Spearman correlation test was done by using SPSS and the
atmap was created in Microsoft Excel. A value of adjusted p < 0.050 (FDR) was

considered statistically significant.



3.16 Research Ethics

I. Study was conducted according to good clinical practice guidelines (GCP)\Q

ii. Informed consent and written consent was taken )

All the study participants were briefed on the study detailsQeéample was
collected upon receiving full consent from the study participaats. The protection of

privacy of the study participants providing stool samples was d. This was done

rti iant’s ame. The

anonymity of participants was maintained for the entire course ofithis i X~
N
S j 3
iii. Invasive protocol 2
<

The study participants were made% fth

is the only invasive procedure in this : )

iv. Participants were offered if in %in kwgr
t @
“« Q-

The participants were M d thNob@fe’data would be enclosed to

N

them, if they were inter, ted.? ' i §

o YLD
v. Ethic approval \ \
The ethi@oval
Malaysia w@m-s 88-
4

I ns &O

The standard operating procedures (SOP) were maintained, i.e., social

by labelling each sample with a specific ID instead of t

o

ncing during participant selection, interview session and sample collection. Any
u

dy participants who exhibited the symptoms for COVID-19 were not included in the

study.



3.17 Methodology for Systematic Review

A systematic review of observational studies was carried out acc 0

{ﬂ

protocol published in the International Prospective Register of Syste E V|ews
(PROSPEROQO) (CRD42020160458, 10/7/2020) reported according to the “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Rlsc ) guidelines

(Moher et al., 2009). This systematic review evaluated and su

diversity in prediabetes individuals (preDM) and newly di

(newDM) as compared to non-diabetic individuals (nonD

| &
A systematic search of published literatu as pe }or e smg@éctronic

\'bo.gy Inf rﬂa‘tlon (PMC-

NCBI), MEDLINE Complete, and C @BS WH
de

February 2021. Search strategies wer

databases [PubMed Central by National Centre !g Biot

le ception up to
t Qywords related to

29 ¢ 9 ¢

“type 2 diabetes”, predlabetes dlaﬁn sed”

18 chosen articles that were as ith %Jistle wa scale and the data were
extracted and analyse urm star’dard 0 used to extract the data from
included studies. The primary out me reﬁtf;mlcroblal abundance and differences

between study gr&i\h p@ @}r family, and genus taxonomic ranks.

\
Species were di @gv/ genus. The secondary outcomes were

clinical Q!nstlcs dietary, nqke, or other parameters measured and their
éﬂ it

correl h the gut |crob|@mposmon

<
N

gugmcroblota There were
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3.18 Conclusion

This chapter focused on the research methodology adapted in this dRi he

research design and the sampling of study population were discussed. Trjs%lowed

by the data collection procedure and sample collection. The collected samples were
analysed by using a series of laboratory procedures. The data from theséyprocedures are
subjected to data analysis. Lastly, the methodology adapted Tﬁystematic review

was discussed. The result and findings of this chapter a outl‘1e for the next

chapter. o
NS
’ ¥



