CHAPTER 2

LITERATURE REVIEW %\

2.1 Background
Dates fruit is scientifically known as Phoenix dactylitiENhich belongs to
the palm (Arecaceae) family. According to Baliga et al. yphytochemicals rich

in dates flesh including phenolics, sterols, carotenoidsSsanthoc arMcyanidins
@

Y

and flavonoids. Furthermore, Kursinszki et al (ZO%ted that the Fipé @fruit
consist of carbohydrates with high energy con eIl{ oun{s/‘%'f dietary
fiber. By consuming dates fruit to break fa&dv to ayoid o@zt.ing of food.
When the body begins to absorb the )@tional va fth@ﬁ'es flesh, feelings

of hunger are pacified. Also, the n S syste X’t\%t e@kial from consuming

S
dates flesh, since they have s%ificaﬂt amounts OQ‘Btassium (El-Sohaimy &
i"

Hafez, 2010). \

(=~

4
2.2 Stages in Deve Wnt o®uits é.!

Generallygthe maturi 's of e;:)%é fruits will pass through five stages of

“
D,

*
&

¢
ripening in %hs. ro ulfthw riod, the colour of the fruit will gradually

NN
change fro en tofy ‘and thsho reddish brown. According to Arabic practice,

the Qmening stages of da@ﬁit are known as Hababouk, Khimri, Khalal, Rutab
@var. The maturity and ripeness of dates fruits commonly will affect its physical
& chemical properties such as sweetness, texture, color and chemical composition

Al-Saif et al., 2017). Figure 2.1 shows the dates fruit stage of development.
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2.2.1 The Hababouk Stage (First Stag@ °‘ %

The first stage of rlpenlng in th eve me* d&Qruns is known as

Qﬁ?r four to five weeks

(Mortazavi et al., 2015). The e fruitin thi stag&f&pea sized and weighs about

a gram (Baliga et al., 2011). few’studi 'a\S@orted on this stage. Figure 2.2
ing

shows the size of fruits acco % g€ ripening.
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%xz .2: Size of Fruits According to the Stage of Ripening (Mortazavi et al., 2015)



2.2.2 The Khimri Stage (Green Stage)

The development of dates fruit in this stage takes nine to fourteen wegks Which
is known to be the longest stage (Baliga et al., 2011). There is an obvi g@ersion
from a small berry size (hababouk stage) to oblong shape. The ¢ Io%e fruit is

X

green, the fruit texture is hard, typically bitter and not suitable to%

\Y

2.2.3 Khalal Stage (Color Stage)
The third stage, Khalal stage which is known as celor aMar SiX
Ng

weeks in which the fruit is physiologically mat considered (&a#g(?et al.

' r
2011). Khalal stage also known as the first thw i dategyhits where

the fruits can be consumed start from Ewge I-mss [

increase of the concentration of non-reduging s%§
I

cause the steady loss of the water. e (E’)\ihkya %)@. According to Diboun
ﬁiee

o
et al (2015), color transition nc (Khimri) (&Ilow (Khalal) caused by

N

the degradation of chlorop hile'he low is the marks of carotenoids

et all 015). A rapid

ly s@se) in dates fruit

)

Thi aga—lor lly=ta s{ala@_e, between two to four weeks (Baliga et al.,
2011). % age a{s

oft licious (Mortazavi:e@'.’, 2015). The sweetness taste of the fruit is elevated

as\?ate of conversion reducing sugars is greatly increased to form the dominant
r

(Awad et al., 2011). Due to the consistent loss of moisture content, the weight of

"
gd as&ft ripe stage. The fruit texture becomes sweet,

[72]

he fruit decreases as well (Baliga et al., 2011). Some people usually misclassified
Rutab stage as Khalal due to the changes of skin color from the top of the fruits to the
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down at the connection point to the tree, where the side of the vision may differ

X
g

Tamar is the last stage of ripening and physically, the fruit agpears dry. The

(Pourdarbani et al., 2015).
2.2.5 Tamar stage (Full Ripe Stage)

semi-dry and dry dates will have nearly 50 % each of sucrqse anwreducing sugars.
Typically, the flesh is slightly juicy and the skin is wrin SZhOV\"] in Figure 2.2.
The color of the skin and of the underlying flesh dar wit tIWIga et al.,

2011). Tamar stage is the best stage of ripening to rt or exp m‘n@mng

because of the sugar content in dates fruit act a atla
N QT’
23.1 Ajwa 03 :_\_\ ‘k
@
m

Ajwa dates are one Q\ st ensjve d&é{, n its raw form in Saudi

Arabia. In Tirmidhi (2068 quot’d thag:" jw@es are from paradise™A'isha

reported Allah's Mess%my p

‘Aliya’ contain h&&ﬁ tsl an ese an(?ntldote in the early morning (Sahih
N

Muslim Booké%i@dith 083~ | c.)(-’

2.3 Varieties of Dates Fruits

(@]

l
upowlm) as saying: The Ajwa dates of

4

)&
23&%! :c},‘r

‘% halas is the most famous dates and is considered one of the finest varieties of
Q , Cultivated in the eastern region and is highly consumed and demanded in the
arket. Khalas has a caramel flavour when cured; delicious when eaten fresh with

good taste. This is the variety most commonly taken with Arabic coffee.
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2.3.3 Mabroom

These are long red to brownish red dates, deliciously sweet and very

Its price can increase slightly due to the market high demand. Each Ma@palm

tree produces between 150 to 250 kilograms of dates per year. It was ting from

Madinah, Saudi Arabia, the Mabroom dates is another dates type WWIIS in great

quantities during Ramadan. Mabroom dates are dry and Ear d in terms of

appearance but they have an exceptionally sweet taste. Iastir and chewy in

t
quit rwste It is

packaged in the standard 1 kg plastic bags although izes can differ W|t ylng
4‘

oGty
SIS

nature, Mabroom dates have a tender interior whic
demands.

234 Safawi CS‘
vae ,hT\}h are also famous for

Safawi is a soft, cultivated m% nah an

dates; t is dark brown and del% swe& and
n

most expensive dates at al %igh r g“}ates are a mine of vitamins,
and they are called % to their | gel @nt of metal elements such as
2

b g
phosphorus, calciu on, m \h\ odlu@phur and chlorine.
\ ¥

l c,)(.z

IS one 0 &arlels?e which grows in south of Iran in the north area.

S
inadis’known for the best and

grown orgamcally%cﬁ?m no chemical treatment during the growing season.

shlng stage is completely performed. Fructose is the sugar found mainly in the

Pa
Oes which undergoes metabolic processing in the liver and is known as one of the

best sweeteners for diabetics to use. This dates is semi dried with moisture under 15
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%. It is dark brown in color and round in size. Shelf life at room temperature is around

18 months, under interim fumigation. Harvest Time is around mid-September. Yv

2.4 Bioactive Compounds in Dates Fruit

2.4.1 Phenolics ?

Baliga et al. (2011) stated that phenolic acids constitute one 0fthe main classes
b;ct

of secondary metabolites and in recent years have been cf intense study.

Phenolic acids contain a hydroxylated benzene ring with"ene or OWyI groups
8

erian [date re'p‘—f%ric

adKQ'ts der@/es; 5-0-
: Mean@zT Al-Farsi et

al (2005) stated that 3 varieties of Or@s have s the@%ence of free and
bound phenolic acid. ( \T AN

directly or indirectly attached to it. Phenolic acids

acid, ferulic acid and sinapic acid and cinnargi

caffeoylshikimic acid and xantoxylin (Ma

N

N,
The free phenolic acids %proto atechuic acid@nilic acid, syringic acid
Eof b[ p nolic@d such as gallic acid, caffeic

and ferulic acid and the ex

acid, p-coumaric acid %%;aric cid. 'IJ: '%tal. (2005) and Benmeddour et

al (2013) who studiéd, Omani T 4 1an @ respectively, stated that the results
N

con ' mu&fiﬁ'ﬁgher compared to those reported by
¢

obtained for pK

Mansouri et F@)S) o found !Hat(téal phenolic content of methanolic extracts is
NN

2.49 mgQ), 0 8.36 0g ﬁ%ﬁ weight sample. The observed differences may

mai attributed to the cul@é and extraction conditions such as solvent and ratio

m/solvent (Benmeddour et al., 2013) or other various factors such as growing
6 ition, maturity, season, and soil type (Al-Farsi et al., 2005).

On the other hand, Biglari et al. (2008) who studied Iran dates reported that their

results were similar level of phenolic content with those Algerian dates palm by
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Mansouri et al. (2005). But, one of the types of dates palm fruits studied by Biglari et
al. (2008) was several folds higher than other dates; however, level of pw
content fresh weight of Omani studied by Al-Farsi et al. (2005) was cI@total
phenolic content of that type of dates palm fruits. Level of total ph ontent of
fresh and dried dates fruits are high (Wu et al., 2004) but Al-Farsi et'al. (2005) stated
that total phenolic content in dried is much higher than in rw addition, total
phenolic content in dates fruits is much higher compared mt]fruits and dried

fruits (Benmeddour et al., 2013; Kchaou et al., 2013). exa pw phenolic

X
acids were shown in Figure 2.3. é j , _\C}
2 B4

protocatchnic acid \ e “ Aé}- OH
Y' ’ ‘%\ vanillic acid
]
d N\ OH Q\/\WOH
)_\_h@ ‘ ' C‘) OH 0

p{cowarlc acid 0-coumaric acid

\
\, O
HO
OH
HO = A O K o—
o] o}
o o sinapic acid
cafeic acid ferulic acid
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Figure 2.3: Structure of Phenolic Acids Prese Dates“(B ligalet al. @1)
\ \)

2.4.2 Anthocyanins 0\

Anthocyanin is one of anti ho nd3 |ts (Samad et al.,
2016). Figure 2.4 shows the str:%i f zwﬂ:%m mg@tes Anthocyanins may

appear in red, purple, violet ow BalNOll&d’ Farsi et al., 2005) and are

water soluble vacuolarpigments (Baliga et Anthocyanlns are of potential
health benefits and WId(—)lDIStrIE\L\' aﬁépults vegetables, cereal grains and

flowers (Franca & !020 Al- Fa@ al. (2005) reported that dates fruits
may be consu@ be l)OGr SQuirc of(a‘grﬁocyanins compared to other fruits such as

blueber ck efries which $¢ in anthocyanin (Samad et al., 2016).
'D" b

Y-v
N
S

4
N o
S ol

Figure 2.4: Structure of Cyanidin in Dates (Baliga et al., 2011)

%—
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2.4.3 Carotenoids
Carotenoids are a class of natural fat-soluble pigments and impart
coloration to the plants (Baliga et al., 2011). Boudries et al. (2007) report; ates
fruits contain carotenoids; lutein, B-carotene and neoxanthin (Figu . Yellow
color indicating the presence of carotenoids as the total carotenoidWent in fresh
dates in Khalas is the highest with 3.03mg/100g as expected cMis variety has a
o

yellow color whereas Fard and Khasab are red with total ds l:ontent are 1.39

mg and 1.31 mg, respectively (Al-Farsi et al., 2005).

16
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Figure 2.5: Structure of Carotenoids in Dat(@avl.,'mll)
Nd.
N4
2.4.4 Procyanidins ’ .{"
4

Condensed tannins or procyanidins is the recu% Iue-\‘z'i_ql t and red

pigments in fruits, vegetables, nuts, see&, rs aﬁf‘i b (Ba@et al., 2011).
i

Benmeddour et al. (2013) reported th t the@al stage of fruits

AN
ripeness ranged between 600 and g/ Mﬁ%e ight, while at tamar stage
[} ",
contained 150 mg / 100g fre eight. reov ,'f:on@s’ed tannins represent the
X
CO un

major constituents of the d enolc d@i the ratio condensed tannin /

ns conte

total phenolic of the %A/as in'J er ge&' .44-0.82. Figure 2.6 shows the
o g 4 O
structure of procy. Mn dat'as. %
AL S

AR
L

Figure 2.6: Structure of Procyanidins in Dates (Baliga et al., 2011)
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2.4.5 Flavonoids

Odeh et al. (2014) stated that flavonoid is highly and significantly co?ﬂd
with antioxidant capacity in dates fruit. According to Farag et al. (201@noid
identified in dates fruits are quercetin, luteolin and apigenin (Figure 2.7Y: ording to
Baliga et al. (2011), some studies stated that flavonoids presenthts pOSsess

diverse health benefits, which includes antioxidant and radiqqlMging activities,

reduction of certain chronic diseases, prevention of some 0 scul,ar disorders and

certain kinds of cancerous processes. .\d
X

/ ¢

<b- N

.\. ure 2.7: Structur?_"s)f‘;.lavonoids in Dates (Baliga et al., 2011)
\

S

4.6 Sterols
Sterols or steroid alcohols are a subgroup of steroids with a hydroxyl group at

the 3-position of the A-ring and are amphipathic lipids. Sterols in dates fruits consist

18



of cholesterol, campesterol, stigmasterol, B-sitosterol and isofucosterol (Baliga et al.,

2011) (Figure 2.8). Yv

O;Sjij |
HO

cholesterol

S

Figure 2.8: Structure of Sterols in Dates (Baliga et al., 2011)
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2.5 Extraction of Chemical Compounds in Phoenix dactylifera L.
2.5.1 Extraction Method and Solvent Extraction
The first step to separate the targeted or untargeted chemical com
fruits or plant is extraction (Zhang et al., 2018b). The extracting solveﬂ;@xtractlon
technique are significantly affected extraction yield, total polypheWﬂ biological

activities (Hayouni et al., 2007; Trabelsi et al., 2010). Accordi 2 ris et al. (2013)
atysup

which study on nutrient in Mariami dates seed oil stat 1rcritica| carbon
dioxide (SC-CO,) extraction method has many advantages o erwventlonal
method such as solvent extraction due to high seleCtivity and diff |1|t&fa}d the

solvent (COy) is easy to separate from the n th and\y-' study in

determining the phytochemical compositiohgin nlsiaT da seed the effect of

different solvents extraction was con@ Thouri €

dates seed, Sirisena et al. (2017) u e soli \&
&

free polyphenol. In different ca%llah Bal.
uggg d safe method has many

is stand for quick, easy, hea e:r e,
advantages over the Cntlon metfods fobhe analysis of pesticide residue.

' ’ &
rwts%il diphenyl-2-picrylhydrazyl (DPPH)

Zo@sbmother study on
trac ‘\h'(SPE) to extract the

\
8) s@ that QUEChERS which

For the antioxidan tractlon l
method was u meanwh i -'Cloccﬂg‘d test was performed to determine the
phenollcc date fru@aﬁs% tal., 2005; Awad et al., 2011).

S er, d| solv extraction such as aqueous or polar solvents to

extr n|SIan dates fruits ouda et al., 2013; Kchaou et al., 2016), fresh and

dates grown in Oman (AI-Farsi et al., 2005) and dates leaf and pit (Perveen
G ., 2012). Therefore, there is no single extraction method may be considered
niversal because different target compounds requires different method of extraction

in order to get higher yield (Awad et al., 2011).
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The crucial part in solvent extraction is the selection of the solvent (Zhang et al.,
2018b). According to Hayouni et al (2007), different group of compounds ?ﬁe
extracted using different solvents extraction and different techniques. {n ition,
Rezaie et al. (2015) stated that the efficiency of the different soﬂé\extraction
strongly depends on the matrix of plant materials and the typefof extractable
compounds. Hayouni et al. (2007) stated that polar solve tN most efficient
solvents to extract polyphenol in selected Tunisian fruits. mc'i & Atik (2011)
reported that there are good correlations between phenelic andjantiexi t‘ activity.
However, there is no single agreeable solvent ction to ra}t _@’{rzn'ical
compounds because of the compounds with i 0|%' W %K'material
(Thouri et al., 2017; Awad et al., 2011; Wij V(Y:

Three mixture design or also @ simplex= roidcé‘&ign is a type of
mixtures design used to analyze tr'e%tionshl \QW p\@\)rocess that contains

several variables (Cornell, Zou%plexc‘centr [ desigé.?s constructed to form a
Nk M

&
triangle with the three corners c esp[ ‘@onents, the three midpoints
of each side correspon%x;y mixtures f‘ [h@tre of the triangle correspond to

4
ternary mixture whw\equal rl'1 \m\ alléﬁfag components (Brereton, 2003). In
other studies, émits 'orte(t§~’have flavonoids (Farag et al., 2014),
¢

phenolics gﬂ@ddou et'?fzogc)? sterols, anthocyanins, carotenoids and

% NN
procyar% aligd .gt 20@ compounds which identified using liquid
hqn& hy techni N
chr raphy technique.

9

21



2.6 Metabolomics Study

Metabolomics originally refers to the sum of the pool of cell metabolites
et al.,, 2011). Metabolome defined as quantitative measurement of low- ular-
weight of metabolite present in the biological fluid like saliva, bloeﬂ* urine. In
other words, it refers to the quantification of concentration OW free small
metabolites pools of a biological system (Alvarez-Sanchez et al., 0). Therefore, a
broad range of endogenous and exogenous metabolites t m)t

?ntial impact on

the investigation of diagnosis of disease and discovery ioma ew assessed

Y
(Zhang et al., 2012). Metabolomics field curren@f the faste rﬁw_@fields
4

even though it is the most recently introduced. Y. \ .\T

N &
2.6.1 Number of Volunteers (Sampl% é
One of the crucial parts in @sis is @Wq @mple size. Recently,

N
there are no standard meth%r sample size e&}@aﬁon in  metabolomics
(Nyamundanda et al., ZOJQXMi.h r Se qual't?@k/e and quantitative require
her

different size of the e qualit ive @sis require smaller size of the
’ 4 ¢ &
sample than quanh% ar@(c eswe&?OlZ). Sample size for qualitative
analysis shouldgbe ugh 'n in@(ation (Creswell, 2012) or lead to the
¢
repetition w E@ no additi I%f@tion even after adding more sample thus,

researc%

rs studies have reco nded a guideline for determining the size of sample
e

NN
?Jncep@ saturation (Fusch & Ness, 2016).

itative analysis which is 30 to 50 volunteers (Morse, 1994) and 20 to 30
olunteers (Creswell, 1998). For different studies, Creswell (1998) suggested 5 to 25
olunteers and Morse (1994) recommended at least 6 volunteers. In conclusion, there

are no exact guidelines to determine an appropriate sample size in qualitative research
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in which, the size of the sample may best be determined by the time allotted and study

g
3

Dates can be used as a nutritious food and major role in hu nutrition and

objectives (Creswell, 2012).
2.6.2 Effects of Dates Fruits Consumption

health (Assirey, 2015) and as excellent food ingredient (A mwal., 2013). The
presence of nutrients and phytochemicals including p k,.stfrols, cyanidin,
carotenoids, procyanidins and flavonoids in dates fruit een el.&md\drle health-
into a hea l‘feii@v‘(El-
i s attem etect\g;d profile

S hic pa@z;/s and may

the changes in metabolites, which reflectw

benefits of dates fruits consumption which perfectl

>

Sohaimy and Hafez, 2010). Metabolomics inv

provide information concerning a dis staa or the bi cal @%5 of an organism

(Saude & Sykes, 2007) or for disc %o ,q\hl., 2011). According
N,
to Roux et al. (2011), metabo of ancholecular mass organic

the human metat&n@ tions, nutrition and lifestyle habits.
Metabolomic NQS ormed-on biofluids, like blood, urine and feces
(Savorani " 913). ion_of mutrients and bioactive compounds from food

componw ract Wi mero rgets, metabolic functions and pathways in the
orgai nd hereby has thsim)tentlal to reduce or increase the risk of diseases
y et al., 2005; Salvamani et al., 2016). Targeted and untargeted metabolomics

‘Gl?
0 een shown to generate global metabolic profiles (fingerprints) representative for

dietary intake (Radjursoga et al., 2017). In nutrition research, the chronic effect is



relevant but in term of understanding of nutritional metabolomic data, understanding
about acute dietary effect is important (Walsh et al., 2007).

According to Yasin et al. (2015), dates fruits have a potential i@]ting
depletion of intrinsic protection from oxidative cell damage as the fr tain high
antioxidants compounds. Moreover, Kchaou et al (2013) stated thatWresearchers
reported that antioxidant in dates fruits is effective against ga trmr (Al-Qarawi et
al., 2005), hepatotoxicity (Saafi et al., 2011) and coul Yﬁhr risk of major

chronic health problems including cancer, atherosclerosiSycardioyas sease (Al-

Ay
Yahya et al., 2016), neurological disease and corona rt disease 'iz@s (El-

Hadrami and Al-Khayri, 2012; Zhang et al., 20 \4' \j("
Other studies found that consumpti f dates frui Id re Yt~he need for
induction and augmentation of labou i-EDan et al., 1), @to control bowel

movement and constipation due tCﬁSsist mW)er tj@\lead to easy digest,

=
containing nutrient such as p AT to rﬂlp ingbalanci uman nervous system,

\ &
bo st] gro@ and natural sugars to give

-

phosphorus and calcium f
instant energy to humMcl-Soh my g‘r-la@' 2010; Aslam et al., 2013).
4

&
| \Q =y
2.6.3 Urine Samplingvand ffeci’Q
IK ’ ' (4%
Urine i Iguid produc bf ﬂt;l( neys that contained unwanted compounds
\
%’ his

in the b% i mM from& end products of cellular processes (Denkert et

al., 2012). Urine collection\'(s}ﬁersistent, does not need patient preparation and

c \h‘ably improves compliance. Over than 10 years, urine was used as the
d imen in metabolomic study as it is easily obtained, readily available, simple and
wer protein content so it just need simple sample pre-treatment and a rich source of
biomarkers (Zhang et al., 2012). Diet gives notable change in urine composition
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because the presences of exogeneous metabolites like phytohemicals coming from
food component affect the human metabolism (Gibney et al., 2005). Furth )
according to Kind et al. (2007), the composition and quantity of metabolit@ne is
in response to metabolic state, medication and diet.

Sample collection for urine metabolomics is a sensitive, convenhient and non-
invasive technique, readily available, easy to obtain in la ewne and can be
performed either as spot urine (random), 24 hours or as y

rninr void (Witte et

al., 2009; Savorani et al., 2013; Rodriguez-carrasco et al2014). TWing mode
23

is mandatory when the excretion of urine is moni@ﬂer intake o o'i (@‘g In
this case control urine, that is urine before i f % g i\ryauired to
compare the changes of urine after intak\li';g: ed sa@f:{studied by
Villalba (2010) based on targeted an %phenols

oIi\@ﬁ in urine. In the
study, samples were collected duri% Wasrﬁxg

N
morning) and after oil ingestio dif(érent riods @ hours, 2-4 hours and 4-

6 hours). \ AQ/

e S
However, the 2% sampl

g LLe'ct' was aimed to eliminate large
' 4

&
variability in mem&&rof@ mogxample for 24 hours is sampling urine

28hour lecti hséflowed the researchers to investigate the
ICro

i 'l;'void spot urine in the

S

day and night. k
¢

activity of biota in Itn'y @%Ble during day and night as it indicates the
blh

NN
presence’o arkefrs, T ‘;esult%ws that there is obvious change in the activity
of robiota with the cir@h rhythm (Slupsky et al., 2007; Peralbo and Castro,

Ithough 24 hours sampling can be quite burdensome, the excretion picture

G hey provide is usually complete.
The effect of sample storage has been widely study in biofluids. The sampling

strategy and storage of biofluids is really important because of metabolic activity

25



during sampling and storage must be stopped, therefore the temperature must be
reduced during sample preparation (4°C) and storage (-80 'C) (Alvarez-Sanche b,
2010). Lauridsen (2007) found that the storage of human urine samples at@ture
-25°C give no change for 26 weeks for *H-NMR fingerprints. When sﬂé&; stored at

4 °C without preservative added, there is acetate formation EQ to microbial

contamination. : \)

2.6.4 'TH-NMR-Based and MS-Based in Metabolomic lysi .\d
L ]

There are two metabolomics based analysis; nu magnetic r n‘n MR-
based) and mass spectrometry (MS-based). he% ical pl@%—?ms, H-
NMR-based metabolomics is widely used pared tosMS-based m lomics since

hu@ s of metabolites

it can simultaneously display resonan%E}resulting
(Gu et al., 2007; Duarte et al., Z@Jand req \lee

(Lehtonen et al., 2013; Gu et %), thﬂs making it‘(z- ble for high-throughput

analysis (Nguyen et al., 2%6\‘?.urt’ orej Ngu t al (2016) stated that the
advantages of 1H-NN% metabalomi s}dpp@th are highly reproducible and
4

)@o sample preparation
N,

&

non-destructive. l \ é./

The combinatiofy of ase(t} tabolomics with multivariate statistical
¢ | (.,a

analysis is a 5 enful approac or{heetju y of metabolomics (Gu et al., 2007), which
\
covey” feat of
Y.

may he%
201@a lows the explanat\'@r/of changes in metabolic pathways under different
‘@ogical conditions (Brennan, 2014). Meanwhile, many researches using MS-
a

[N

iomarkers that are still hidden (Fanos et al.,

& analysis due to the high sensitivity and selectivity. For instance, liquid
romatography mass spectrometry (LCMS) could be benefited from lower detection

limits and improved MS data quality due to reduced background noise (Naz et al.,
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2014) and Niu et al (2014) stated that gas chromatography mass spectrometry (GC-
MS) gives high resolution chromatographic separation and wide applicability w
derivatization. \
Since 1973, Gas Chromatography Mass Spectrometry (GC-MS)%n about 5
years later, Liquid Chromatography Mass Spectrometry (LCMS) been used in

clinical biochemistry especially for urine analysis (Kind et aHN Recently, this
imal

technology has been developed for metabolomics study i

S ai well as human

se di grw nutrition
[ ]

with the goal of toxicology and biomarker discovery,

study. GC-MS is preferable for the analysis of n lar anal Iike_{yy\hetic
organic compounds and natural products i a% 4 20.13.~ Mass

spectrometry- based has receiving great att ion

chers@he world as
it combines the sensitivity of MS anmv% the posSiility t@ntify metabolites

in the usually complex sample @jare an

N,
spectrometry (GC-MS) is veryém identifyi mme(tzéalc changes as shown in

\
large number of publlcatl on 05) In order for a compound to be
A

\ AN

analysed by GC/MS |t must be sufﬁmently volatile and thermally stable

- \1;-/"%

(Chromacademy,
Accordi gt mlzt_g_abundant researches have been done to
dlscovert Ie te nlq e detétlhundreds of metabolites of living organisms.

To co: ith conve onﬂ Iqud chromatography (LC), Ultra Performance Liquid

Chro raphy (UHPLC) g&?s greater peak separation using standard setting

‘%is for LC. Particularly, LC coupled with quadrupole time of flight-mass

OCtrometry (QToF-MS) with electrospray ionization (ESI) is a well-known
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technique used to perform untargeted metabolomics in plant extracts (Vaclavik et al.,
2011) with excellent sensitivity (Kronstrand et al., 2014). Yv

Additionally, Jandric et al. (2014) who studied the adulteration in%\tated
that there are researches on various analytical methods which are frorrHMe to more
complex techniques such as capillary electrophoresis (SaavedRe.t'al., 2001),
spectroscopy (Cuny et al., 2008) and liquid chromatography_or gasfchromatography
coupled to several type of detectors (Ehling & Cole, 2 mn’mary, although

there are many analytical techniques used in metabolomigs ana sWination of

@
NMR-based and MS-based analysis is an ideal ir@t to bejuse |11e@omic
4 b

research.
Y' Y
N A S QT
2.7 Principal Components Analysi % Cs<

2.7.1 Application of PCA in Meta@ics Stu\Y ,<\
By N
PCAisa non-supervise%riat data aJysi((/ nique which commonly

first applied in non-targete holor u (N@I., 2014; Yao et al., 2014).

According to Savora ;E (2013)y multiv
4 2
alyse

ar
usually analysed usiﬁ\PCA asli (Lbe large scale dataset simultaneously.
d

This is becaus@can 'ore (@‘rfe about the information of metabolic

¢
beyond the i&)wspe ion ( J aIG 07) and more time and cost effective when
N

spectro% ta coupl )Nith ‘ch\emometric (Varrota et al., 2014). Generally,
X
mulﬂA@te data in metabolo@e‘s study is a large data that difficult to analyze
\

‘%Xy thus, PCA was used to visualize the multivariate data in grouping trends
a

krishnan et al., 2016; Feng et al., 2016; Yao et al., 2014) and to reduce the

i@dataset of metabolomics study

omplexity of the data sets (Park et al., 2016). Therefore, researcher could
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comprehend their multivariate data as the PCA is highlighting the similarities and the

differences within the samples (Naz et al., 2014). Yv
According to Shen et al (2019), the PCA was constructed to @ the
comparison of metabolic response of the fish fed with four differe entage of

taurine supplementation. Other metabolomics study using PCA% differentiate

between two species of Artemisia (Liu et al., 2010), to inter the metabolites
changes in prostate cancer (Struck-Lewicka et al., 2015), %’Lgufh between two
groups of urine metabolites of anti-stress effect (Feng , 2016) rlvestigate
the pattern of dietary intake in metabolomics study ( nsetal., 2 ).' _\‘-}

In fruits metabolomic study, Aguiar et % W% on the jelly palm
n guavasfrui

fruits and Lee et al (2010) who is stud ere usd?:he PCA to

investigate the chemical composmowafruns at ren@ges of maturity.

Meanwhile in different study, P s been ,@ang et al (2003) to

distinguish the different NM Rlng t i %Q\ liver study. Niu et al

(2014) stated that data matrix f erent ngrams commonly used in
l

metabolomics study cted toranal |s'b A to highlight compounds that
4 $ &
e (./

differed between %@Q)f Sa"]ph‘s

2.7.2 The T%/ |nC|
NS
P ger‘;er I e fo echnique which uses sophisticated underlying
b4
mathematical p fe.;r:

rinciples to tran&) a number of possibly correlated variables into a

\J/
Cﬁ onents Analysis (PCA)

S number of variables called principal components. PCA is often used to

ze large data sets. It is the most widespread multivariate chemometrics
thque In general terms, PCA uses a vector space transform to reduce the
dimensionality of large data sets. Using mathematical projection, the original data set,
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which may have involved many variables, can often be interpreted in just a few
variables. Then, trends, patterns and outliers can be spotted in the data (Rich?m,

2009). Figure 2.9 illustrates the example of information arrangement in da@x.

Loadings (P) - Y'
Scores (T) z\.,
l

"

c\/a 4
Figure 2.9: Example of Inw Arrange in I@S\Aatrix

\ *
&
The samples from multiuéata Qe arranged | he data matrix (scores)

&

meanwhile the parameters me I] gs sectio .ﬂmbellini et al. (2013) stated
gm e

g,

that unsupervised pri ponent an z;s‘s A) is a tool which provides a

4 &
multivariate overv'w the \ba.s d O%Qhé underlying variance between the

metabolite profiles the Wit!‘@“’specifying the different sample types

¢
meanwhile 9@ al. (2017) tal€d @ CA used to convert the multivariate data
into Io%kensifh

ich
ws%on. \(:}’

N

0 The formula for PCA is as follow:
X=T.P (2.1)

N
iséf)'roviding a compact data in terms of plot
Ly



Where

T is called the scores, and has many rows as the original data matrix; Y~

P is the loadings, and has as many columns as the original data matrix;

The number of columns in the matrix T equals the number of rows in the matrix
P (Figure 2.9). From the statistical data, it is easy to convert from bers to graphs.
There are many ways of visualizing PCs. The first two %:e 'Nldely used are
scores plots and loadings plots (Brereton, 2003). Firsty a rthogonal
coordinate axes will be identified from the data. It ne by obtai mb ‘@east-
square) line of best fit through the plotted dat |sfc f\)‘ﬁ)rlnmpal

the coéﬂ:i.ates will be
inate @S) which is both

component of the data. Then, by using ortw proj

mapped to the axis. After that, a se@upal co

orthogonal to the first PC will be d Now, s r)d\éa can be mapped into

the two orthogonal principal c ts ‘ﬂns typeqof am is called scores plot
. N A“’
(Richardson, 2009). 1 ‘é\
ti relatian be ;@n@orlgmal variables and subspace
dimensions. If the %plotsla
loadings plots Q fo
Figure 2.10 &)lgur 2. 11 o{/ @J&%xample of scores plot and loadings plot

respectl% retoff, 20 é\
.\. b
\%N

The loadings pl

NN

% eting relation among samples, then

ing 6/8" ns among the variables. Meanwhile,
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Figure 2.10: Scores Plot (@20034 ' _\"}
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% Figure/2,11: I:@ings Plot (Brereton, 2003)
Y’

N

S
g \e-Processing Methods in PCA

There is no clean data of metabolites that provided by analytical instrument. Pre-

q)cessing of raw data must be done to produce a practical data matrix in variety of

techniques (Yi et al., 2016). Scaling or data preprocessing can give significant
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influence on the result. In metabolomics, it is mainly the method for preprocessing
that influences the outcome. In addition, another common technique for data sc i
standardization. In some situation, standardization (or similar ty;@ data
preprocessing) is essential. For example in metabolomics, wh sample
commonly used is urine, in which have abundant of metabolites but their variation is
not significant among all samples. If the concentration of the Mmpounds were
changed, it might have a significant relationship to the un &ao'ogy. Otherwise,
PCA will be dominated by the most intense metabo if s nWon is not
implemented. | _\C}

For example, Yao et al (2014) used th enterin ata.pretreatment

aled q@&. data matrix

(Aguiar et al., 2014), mean-centered ng (Park et al. 6; Lé‘t al., 2010; Wang

et al., 2003) and Pareto-scaling (%krishna\aw ],@However, Niu et al
N

(2014) stated that the data matri bje&ed toseveral rocessing steps without

mentioning the details. \

S
Ay \:’ bj__&b

before performing PCA while other study w



