CHAPTER 4 Y-
RESULTS AND DISCUSSION (,}

4.1 Chemical Compounds in Ajwa Dates Flesh Q
Nutritional profiling of Ajwa dates fruits have been baQE(mC-MS and LC-

QToF-MS. Meanwhile, the fingerprint analysis of A tes 'fruit has been

conducted using FTIR. .\d‘

N4
| S
4.1.1 GC-MS Analysis of Ajwa Dates 4 \Y

) stern@ggthocyanins,

Other studies reported that dates fruitSycontain fl

carotenoids (Baliga et al., 2011) andwatritional Cc

minerals content (EI-Sohaimy and % 2010 \s%d'

most of previous researches ‘%e m&ture eeign(lQ cept for extraction, by
combining few polar solve@estr an xid@ctivity in dates fruits (Saeed
etal., 2012) and antib ial In Manjakani uf S)@fiah etal., 2014).
’ 4 ’ &

Thus, we &Kd theli\hﬁxo S ve extracting solvents and their

combination on% ion 'al cofpounds in Ajwa dates using three mixture
¢
designs. By g@ing ffere p(far' i?of extracting solvents, we believed that the
hl

N
combin%' givée 'nding& extra information on the nutritional value of

| | X | |
Aj s fruits compared{t}sﬁngle solvent extraction. In GC-MS analysis, all

CE\L\I compounds were selected based on similarity index (SI) is 80 % and above.
b

asis of selection also depends on the area of the peak. If the peak area is less

A )

=+

an 0.5 %, the SI from 60 % to 80 % will also be considered if, the compound is

detected in other design. This is because of the noises that decrease the Sl of the peak.
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4.1.1.1 Methanol Extract (D1)

Methanol extract is labeled as Design 1 (D1). Methanol, a polar organic?ﬂn
with polarity index 5.1 is commonly used in extraction of chemical cor@s. 12
chemical compounds were identified; 3, 5-dihydroxy-2-methyl-4H-p ne; 2, 3-

dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one; 5-hydroxymethylfurfural; octanoic

acid; n-decanoic acid; dodecanoic acid; tetradecanoic acid; -Mcanoic acid; 9,
cze

12-octadecadienoic acid; 9-octadecenoic acid; cis- ceroic acid and

D1 ate M in Table
o

4.1 and the chemical structures are shown in Append ' _\f-}

b &

' 4
Table 4.1: Chemical CochL xtracted'usin D@

octadecanoic acid. Chemical compounds that identifie

g
~ £,

Retention Compounds < ) O\’ Area
Time - N\ \ (%)
8.37 2,3-dihydro-3,5-dih -6-methyl-4H-pyfan-4-one 6.41
8.77 octanoic acid % & g} 1.11
9.01 3,5-dihydroxy- -4H-pyrany4-ene , <%= 0.22
10.08 5-hydroxymeth{ ral ¥ A% 3.97
12.36 n-decanoic % I N 1.18
16.02 dodecaneoic a 6.85
19.04 tetrade% id vj ' 0’ 2.99
21.96 n-hexadecan@ic aci & 1.41

(J 1.41

24.26 9,12-6¢tadecadienoi id %

24.35 9 decenoi i & 1.42
24.39 is-13-0cta i¢'acid 0.31
24.62 Qq%decajoiga SO 0.39

[ 7)) &
T@vﬁ con ?on @mpound in methanol extract with percentage

are is dodecanoic acid (1@}6 acid). Meanwhile the lowest concentration is 3, 5-

di y-2-methyl-4H-pyran-4-one with percentage area 0.22.
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Most of the identified compounds are acids and the longer the compound
remains in the column, indicated that the compound is more nonpolar than A
This is because of the column used is nonpolar column, thus, “like to l@cept
has applied. Two direct ways of measuring polarity are dipole mome dielectric
constant. The dipole moment and dielectric constant increases concemitant with the

increasing the polarity of the solvent (Khan et al., 2016). Qhro gram of D1 is

l

4.

shown in Appendix 11.

4.1.1.2 Chloroform Extract (D2) i _\0}
As a semi polar organic solvent; chloro h polarity.index @ used as

the extracting solvent which labelled as D2&I he eatesi numbers of,ér:gounds were

identified in D2 compared to other désigns. 13 compou er ntified including

octanoic acid trimethylsilyl ester, (@snic aci \hretWyl I)qéster, dodecanoic acid
ﬁ x N,
trimethylsilyl ester, D-psicofur%ntakfé(tri t Isgg.ather, 1,3,4,5,6-pentakis-

O-(trimethylsilyl)-D-fructo }Mdetl:[ id tri ylsilyl ester, hexadecanoic
i

acid ethyl ester, hexa% acid
4

tetradecyl ester, om@anoicl

trimethylsilyl er, “bl-trans- cenod'téﬁfcid trimethylsilyl ester and trans-9-

¢ J (.)

octadecenoif idy trimethyl I:es@ Table 4.2 showed the compounds that
i

me 3:‘I§ily®ster, heptafluorobutyric acid n-

yl ﬁu 9,12-octadecadienoic acid (Z,2)-

NN
identifiedin D2: 2 S
§
N
S
%\ Table 4.2: Chemical Compounds Extracted using D2
@am ntion Compounds Area (%)
e

0.18 octanoic acid, trimethylsilyl ester 2.39
13.87 decanoic acid, trimethylsilyl ester 2.31
17.24 dodecanoic acid, trimethylsilyl ester 37.54
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19.45 d-Psicofuranose, pentakis(trimethylsilyl) ether (isomerl) 0.22

19.57 1,3,4,5,6-pentakis-O-(trimethylsilyl)- D-Fructose 0.63
20.26 tetradecanoic acid, trimethylsilyl ester 10.1
22.36 hexadecanoic acid, ethyl ester 1N\
23.04 hexadecanoic acid, trimethylsilyl ester %
23.61 heptafluorobutyric acid, n-tetradecyl ester 0.
25.01 octadecanoic acid, ethyl ester 7
25.18 9,12-octadecadienoic acid, trimethylsilyl ester 24
25.26 11-trans-octadecenoic acid, trimethylsilyl ester ? 4.32
25.35 trans-9-octadecenoic acid, trimethylsilyl ester N : 1.01

Generally, more ester compounds were extracted. ;:et Isyllyl ester is

expected from Trimethylsilyl (TMS) during the derivatization p cg\d)roform is

a strong organic solvent because this solvent reacts usly with nicgk ctive
metal, strong oxidants, rubber, coatings and plasti ro% f DZ\g;hown in

Appendix 12.

Compared to D1, dodecanoic Mgldentlfle

2
2

2 @ore concentrated

hﬁk the percentage area

with percentage area 37.54. Other %ar comp Is

more than in D1. There are fe unds that i ntifisﬁgy?DZ but not identified in
D1 such as, D-psicofura nta is(trim hylsg)}ether 1,3,4,5,6-pentakis-O-
(trimethylsilyl)- D-fr eptaflu rob yrllc “e?.ﬁ n-tetradecyl ester, 11-trans-
octadecenoic aC|d, ethyIS|I and @-octadecenom acid, trimethylsilyl
ester. This me t the oun are dissolved more in chloroform than

YA

methanol. e er or; @y occur naturally in plant (Herrera-Valencia
et al, 1 ). ot all ?unds’éa\n be detected in GC-MS, so derivatization is
nee plcally derlvatlzat{%té done to convert the analyte properties to improve

thesse ration and enhancing method sensitivity (Moldoveanu and David, 2019;

6 getal., 2016).
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4.1.1.3 Hexane Extract (D3)

Hexane is a nonpolar organic extracting solvent with polarity index O. Ov’s
design, 5 chemical compounds were identified; dodecanoic acid; trimeth \ster,
hexadecanoic acid, trimethylsilyl ester; octadecanoic acid,; trimethylsnﬂ&r, vitamin

E and B-sitosterol. All compounds that identified in this design are p ented in Table

\f

Table 4.3: Chemical Compounds Extra usin D\d
™

Jq

4.3 and the chromatogram is in Appendix 13.

Retention Time  Compounds

-

17.21 Dodecanoic acid, trlmethyIS| ter
23.03 Hexadecanoic acid, trlmet st
25.59 Octadecanoic acid, trimeth y IyI e
30.62 Vitamin E
42.15 B-Sitosterol % £
O

Vitamin E and [35|tosterol nI |den ﬁ& hich hexane is the

solvent. B-sitosterol is a polar |I| mole lefin @ch its dipole moment is -

2.5 D. However, accorqu@b 'e I ( 10 ), ra ethyl group in B-sitosterol

makes this compour% fro:p chale ter WhICh providing more bulk.

Consequently, i@ is mlJ phok% an cholesterol, which poorly soluble
T

in oil and wat h 'reaS(@J hy B-sitosterol is extracted in nonpolar
¢ C—)

solvent ins of Iar Ivent.
d Dj'

4.1. thanol Chlorofom\eract (D4)

%

total of 8 chemical compounds were identified in Design 4 (D4), which was a

ination of methanol: chloroform with ratio 1:1. Those chemical compounds
etected in D4 including 2, 3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one,
hexadecanoic acid, methyl ester, n-hexadecanoic acid, hexadecanoic acid, ethyl ester,
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9,12-octadecadienoic acid, methyl ester, 9,12-octadecadienoic acid, octadecanoic acid
and octadecanoic acid, ethyl ester. These compounds were found in both mvl
(D1) and chloroform (D2). No new compounds were identified in this dﬁ% ese

compounds are tabulated in Table 4.4 and the chromatogram of xtract is

illustrated in Appendix 14. ?

Table 4.4: Chemical Compounds Extract

Retention Time  Compounds

7.92 2, 3-dihydro-3,5-dihydroxy-6- yl-4H-pyran-4%» 0.
one

21.40 hexadecanoic acid, methyl es

21.89 n-hexadecanoic acid \‘.

22.35 hexadecanoic acid, ethyl est

23.70 9,12-octadecadienoic aCi hyl Eﬁter

24.19 9,12-octadecadienoic@5 & 1.47
24.58 octadecanoic aci O 0.90

25.00 octadecanoic acid, ethyleste \ 0.35
éﬂ) N
o S
4.1.1.5 Methanol: Hexane Ex )

Combination of stro ort ¢ solvent (&t

organic solvent (hexa d two_layer zylbdtb)rganic solvents are immiscible.

’ &
This is due to tf@ion@ethz@énd hexane molecules are different
from attraction#of individ nts. <'Qmixing causes the disruption of the

\ P L)@Q
structure of the Tiguid, sq ve Ie"mi@g take places. The layers are labeled as D5M
%v NN

for me% tracto'la«bay??d DV(' for hexane extract layer. Chemical compounds
tham&dentified in DSM a;@\je’sented in Table 4.5.

Qs Table 4.5: Chemical compounds Extracted using D5M
e

tention Time  Compounds Area (%)
8.06 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one  1.45
9.83 5-hydroxymethylfurfural 31.18
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21.90 n-hexadecanoic acid 1.73

24.21 9,12-octadecadienoic acid (Z,2)- 1.65
24.29 cis-13-octadecenoic acid 1.8
24.58 octadecanoic acid *%6\

Compounds identified in D5M are octadecanoic acid, 5-hydroxynﬁﬂ&4rfural, n-

hexadecanoic acid, cis-13-octadecenoic acid, 9, 12-octadecadienoic¥acid and 2, 3-
dihydro-3, 5-dihydroxy-6-methyl-4H-pyran-4-one. New co Nas extracted in
D5 in methanol layer, which is 5-hydroxymethylfurfural ith Pigh percentage
area 31.18. This compound was found in methanol lay 5M) an apol alone
N4
(D), but the yield of this compound is higher in D Based jon er're_ia)ch, to

extract high yield of HMF is by adjusting xt% les; @grity and
viscosity (Yu et al., 2017). The chromategram of ‘?5 tract.éggﬁustrated in

Appendix 15. \) é
Meanwhile in D5H, compoun%ntiﬁed a\heﬁgad c@’c acid trimethylsilyl

ester, nonadecyl pentafluoro e, 9, 12- tadec@e oic acid trimethylsilyl

ester, cis-13-octadecenoic @net‘l ster, getadecanoic acid trimethylsilyl
ester and longifolenal mong these 0l c@ounds were identified in hexane
4 F &
layer (D5H); no@penﬁf \p-mpion nd longifenaldehyde but were not
e alon
¢

5 i out@%é revealed that by combining extracting

identified in heﬁk e

solvents, o campounds,, C Id' b(;;tracted. Chemical compounds that were
NN

identified i H afe ted ié}able 4.6 and the chromatogram is shown in

Apmnmla \G}’T

QE Table 4.6: Chemical compounds Extracted using D5H
e

tention Time  Compounds Area (%)
23.03 hexadecanoic acid, trimethylsilyl ester 32.43
25.17 9,12-octadecadienoic acid, trimethylsilyl ester 22.61
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25.25 cis-13-octadecenoic acid, trimethylsilyl ester 25.75

25.59 octadecanoic acid, trimethylsilyl ester 12.07
26.28 nonadecyl pentafluoropropionate 1.55
27.39 longifolenaldehyde 1@0\

4.1.1.6 Chloroform: Hexane Extract (D6) *

Combination of semi polar organic solvent and strong non golar solvent is

labelled as D6. Compounds identified in this design are hexa@acid ethyl ester,
imet

hexadecanoic acid trimethylsilyl ester and octadecanoic a h)'lsilyl ester with

ely. NM‘mp%{nds

were identified in D6. Table 4.7 showed the list of ounds identi ed Q\E} The

v

the percentage area 3.52 %, 14.31 % and 6.67 %, resp

Chromatogram of this design is shown in Appe

T ¥ f(\“ Area (%)

Retention Time

22.35 ~ 3.52
23.03 ggé/p 14.31
25.59 este 6.67

4.1.1.7 Methanol: Ch%i: He>§a

N
Combinatic@ee e>'tra i solve{é'ﬁ/ith different polarities (methanol,
chloroform an Xa is as %hemical compounds identified in this
G e e

design are@y xymethyHurfural, @exadecanoic acid, hexadecanoic acid, ethyl

ester, 9,% decadiengi aeid, %’ decanoic acid and octadecanoic acid, ethyl ester.
All unds are identified i@ﬁer designs as well. These compounds are presented

in 4.8. The Chromatogram of this design is illustrated in Appendix 18.

N
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Table 4.8: Chemical compounds Extracted using D7

Retention Time Compounds Area
(min) %
25

9.61 5-Hydroxymethylfurfural

21.88 n-Hexadecanoic acid .
22.35 Hexadecanoic acid, ethyl ester .
24.19 9,12-Octadecadienoic acid (Z,2)- 20
24.57 Octadecanoic acid i 1.46
24.99 Octadecanoic acid, ethyl ester \a 0.60

4.1.1.8 Summary of Compounds Extracted in All Desig : '

Some studies reported that 2, 3-dihydro-3, 5-dih y- mW-pyran 4-

Y
one and 3, 5-dihydroxy-2-methyl-4H-pyran-4-on tioxidant |b&met al.,
2013). The former compound was |dent|f|ed 3 D w is polar

X

design. Other antioxidants identified in %ﬁ H a?? B-S stero haddalkar et
i

al., 2015) and nonadecyl pentaf onate ( uka(@ et al., 2011),

respectively. Both designs are n r d %r _\hese results are in
agreement with those studies te tﬂat d s‘fru@s good source of natural
antioxidant compounds (H ) 2! \A

Furthermore, th acids; aprl 91 d 0|c acid) (Huang et al., 2014),
lauric (dodecanoic (Nltbelnl 5 2016 caprylic acid (octanoic acid) (Kim
and Rhee, 201 av een tlal antimicrobial compounds where in

the case of ryI acid, th m{:r “?or antibacterial activity is due to the ability
of thesa&v chafnvuz;ed 1%@ acids to act against several Gram negative and

Gr itive bacteria. Besi \ﬁuang et al. (2014) reported that lauric and capric

acE ve anti-inflammatory activities while other functions of caprylic and capric
i

include anticonvulsant properties in seizures (Wlaz et al., 2015), by decreasing

lood glucose and alternatively increasing B-hydroxybutyrate concentrations.



Palmitic acid (hexadecanoic acid) and stearic acid (octadecanoic acid) are
reported as anticholesterol (Andrea & Scott, 1988). Additionally, Nai-Shen?al
(2014) stated that the benefit of fatty acids on human health such istic
(tetradecanoic acid) and myristoleic acids is accumulation in muscE%ch might
have beneficial effects for human health. Summary of compounds h extracted in
all designs are tabulated in Table 4.9. The information arra Whis table is the

\&

name of compounds, the extraction design and the perce ?he value in the

center of the table). .\d
@

Compounds

2,3-dihydro-3,5-
dihydroxy-6-methyl-4H-
pyran-4-one

octanoic acid
3,5-dihydroxy-2-methyl-
4H-pyran-4-one
5-hydroxymethylfurfural
n-decanoic acid

dodecanoic acid

tetradecanoic acid %
n-hexadecanoic acid .
9,12-octadecadienqiCacid 1.
9-octadecenoic a&d
cis-lS-octadecW
octadecanoic aci
octanoic acid, . .
trimethyl r

decanoi% @acid,- 1 - - - - - -
trimethylsiiyl ester N

dod ic acid, \C-) 37.54 1.08

tri ylsilyl ester
icofuranose, - 0.22 - - - - - -

-
4

,4,5,6-pentakis-O- - 0.63 - - - - - .
trimethylsilyl)- D-
fructose
tetradecanoic acid, - 10.16 - - - - - -
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trimethylsilyl ester

hexadecanoic acid, ethyl - 1.21
ester

hexadecanoic acid, - 7.18
trimethylsilyl ester

heptafluorobutyric acid, - 0.35
n-tetradecyl ester

octadecanoic acid, ethyl - 0.67
ester

octadecanoic acid, - -
trimethylsilyl ester
11-trans-octadecenoic - 4.32
acid, trimethylsilyl ester
trans-9-octadecenoic - 1.01
acid, trimethylsilyl ester

vitamin E - -
[-sitosterol - -
hexadecanoic acid, - -

methy| ester

9,12-octadecadienoic - -
acid, methyl ester
9,12-octadecadienoic - -
acid, trimethylsilyl ester \
cis-13-octadecenoic acid, - -

trimethylsilyl ester

nonadecyl - )
pentafluoropropionate

Ionglfolenaldeh d .
According to %l; studi St!)sfa known to has antioxidant

(Mahaddalkar et al QQ&), antl ator%ad anticancer (Lomenick et al., 2015),
%

anti-cholesterol , 20 m@}%f (Bildziukevich et al., 2015) and anti-

¢
asthmatic a alkaiet ;; O{S)Utlvny The presence of longifolenaldehyde

and no yI'pentafll |on in D5H extract suggests the capacity of dates to

act fungals (Zhang et @2’014) and antimicrobial (Renukadevi et al., 2011),
% ely. Other chemical compounds identified in Ajwa flesh is 5-
& oxymethylfurfural (5-HMF). 5-HMF content known to vary in various foods such
s honey, jam, biscuits and apple since this compound is a result of sugar degradation

via the Maillard reaction when carbohydrate-rich foods are heated (Gurkan &
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Altunay, 2015). Shapla et al. (2018) stated that HMF is known to have antioxidant and

anti-inflammatory activities. Table 4.10 is the summary of the compounds id

in Ajwa dates in this study in which might have potential beneficial effe@man

health (based on the review from other studies on the particul#&v

pounds).

Chemical structures of chemical compounds that extracted using thre%ixture designs

are shown in Appendix 10.

Table 4.10: Summary of Compounds Identified in

Beneficial Effects on Human Health

Compound lIdentified in Thi

Antioxidant 2, 3-dihydro-3,5-dihydroxy-6-methyl-
4H-pyran-4-one
3,5-dihydroxy-2-meth ran-
one \
[-sitosterol
nonadecyl pentaﬂ%opiona\Y
5-hydroxymethg;f Io

Antimicrobial

lauric acid
capric aci \
caprylic ac l
B-sit 2 P
nonadecy. enta“ pi rt{-t},
Anti- @id@
inflammatory 4,capric aci

NS
Gprhct
Anticor@ capfic,aci

W ol
caprylic ac \/Y'

o

Aw esterol  palmitic acid ™
stearic acid
[-sitosterol
OASCM myristic acid
Anticancer B-sitosterol

e

S
L2
et al

13)
alkar et al., 2015)

Vs
gtiukadevi et al., 2011)
(&hs&pla etal., 2018)

A‘%\Titbani et al., 2016)

. (Huang etal., 2014)

(Kim and Rhee, 2016)
(Bildziukevich et al., 2015)
(Renukadevi et al., 2011)

(Huang et al., 2014)
(Huang et al., 2014)
(Shapla et al., 2018)
(Lomenick et al., 2015)

(Wlaz et al., 2015)
(Wlaz et al., 2015)

(Andrea & Scott, 1988)
(Andrea & Scott, 1988)
(Robert, 2010)

(Nai-Sheng et al., 2014)

(Lomenick et al., 2015)




Anti-asthmatic  p-sitosterol (Mahaddalkar et al., 2015)

Antifungal longifolenaldehyde (Zhang et al., 2014) YV
\
e
4.1.1.9 Principal Components Analysis (PCA)

Multivariate statistical analysis often used for examinin@@ﬁ\ips among
multiple variables at a time. Principal Component aIRjPCA) is one of
unsupervised data analysis approaches which used to& oV r\liew f the data
sets. It provides a visual representation of the &sh ps hetwe 'arﬁp"l;{Y'and

variables (CAMO Software India). Typically, tivariate, data term,_of table
2 \)'Pr

(samples against variables) were analyzed simultane

pattern of the data sets using scores and I@ plo t’I'le

is subjected to pre-processing (mean normaliza ioq)&

obtai V@m overview

a matrix from Table 4.9

nal Q)y PCA.

CQ A
PCA overview of chemicah.c poy (seores nﬁ;s) and mixture design

9 Q—
(loadings plot) was shown ure Mnd ~é@are 4.1 (b), respectively.
N
Apparently, the data s wa?clusterel int oHr \g@ps. The relationships between
ngs a

Scores plot and Loadi twe;{ dé&‘}rpup I, I, 11 and 1V on both plots.

Scores plot reprg@k c@omp s while Loadings plot represent the
N
mixture design. p ir\%}blm&belongs to group | in Loadings plot. In
which, B-s@u and yitamin E is cted in D3 (hexane). The same goes to group
’

I, 1l in Score plo{ akejﬁlong to group II, 11l and IV in Loadings plot,

reW/e y. This is due to the\pt)sition of these groups are identical in both plots.

N
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2, 3-Dihydro-3,5-

(a) p-Sitosterol 'y | Scores v
.\, & Vitamin E
( ]

dihydroxy-6-methyl-
4H-pyran-4-one —
& Capric Acid,
° 3, 5-Dihydroxy-2-  Caprylic Acid
? methyl-4H-pyran-« &
bt 1l one Lauric Acid
O Qe
o
4 Longifolenaldehyde &
s Nonagecylpentafluoropropionate Il
PC-1 (53%) \d
; e
_h 3 ’ \t‘)
(b) D3 | Loadings
N®
N \
o m D7 D4 -h D1
¢ e 00 o
O o4 \-—/

D5H 1

04 03 02 s 0 0.1 04 05 06 07 08 0.9

‘ PC-1 (53%) -
Figure 4.1: Scores and Lo gﬁﬁemlcal Compounds in Ajwa Dates
Fle

The pifh PC pIRI& btjgn clearly as the samples and variables were
om ga

dlstrlbu r. Gr IV located far from group | and Il because of
nce polarlty of the nts (Loadings plot) and the chemical compounds
( Iot) that merely detected in non-polar design D3 and D5H, which are hexane

ndvhexane layer, respectively. Nonetheless, group Ill located near group | since

emical compounds in group I11 similarly identified in group I.
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4.1.2 LC-QToF-MS Analysis of Ajwa Dates

Both positive and negative ionization were performed in LC-QToF-MS a i
on Ajwa dates extracts to increase the variety of metabolites (Naz et al and
provide a reasonable breadth of coverage (Lu et al., 2008). Acquiriﬂ%a in both
polarities (positive and negative ionization mode) is in order Wximize the
information (Jarmusch et al., 2016). Chemical compounds hmtified in Ajwa
dates flesh are tabulated in Table 4.11 (positive ioniza vle' 4.12 (negative

ionization) and Table 4.13 (both ionization). Therefo omp ur.?ds\trdhad been
L ]

lin, cfocetin, prgé\gﬁi:jin,

n, p@ nidi@ﬁwogallic
acid, luteolin, B-sitosterol, elaeocyanidin arw syringic aei .Allgcompounds

were selected based on confirmation rias,0f UNIFI Sei tifi@ﬁ‘ormation System

identified are quercetin, apigenin, caffeic acid,

cyanidin, ferulic acid, trimethylgallic acid, qu

Table 4.11: s in Ajwa Dates in Positive lonization

-g@ﬁctopyranosyl quercetin
C-arabinose-8-C-glucose-apigenin
-O-meéthy! luteolin-6-C-B-D-glucoside

a In-7-O-acetyl-B-D-glucoside
a%’enin-7-O-B-D-gIucopyranoside

\ dihydroquercetin
0 luteolin-7-O-[B-D-apiofuranosyl(1—6)]p-D-

glucopyranoside
luteolin-7-O-glucuronide ethyl ester
quercetin-3,3'-dimethyl-ether
quercetin-3,7-O-B-D-diglucopyranoside
quercetin-3-0O-(6"-O-acetyl)-B-D-
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glucopyranoside
quercetin-3-0-(6-O-feruloyl-B-D-

glucopyranosyl)-(1—2)-p-D-galactopyranosyl-
(1—2)-B-D-glucopyranoside \
quercetin-3-0O-B-D- glucopyranosyl=(1—>4)-a(-q
rhamnopyranoside

quercetin-3-rhamnogentiobioside

quercetin-6-O-glucoside Y'
Anthocyanidins  cyanidin 3-glucoside \,
Phenolics pyrogallic acid Y'
rhoifolin '
trimethylgallic acid .\d
Sterols B-sitosterol-3-O-gentiobigside ' ® '_\Y'
| 7'
|‘\r i 'ng 2014),
9

In other studies, dates fruits were reported flaw arag

ins, @tenoids and

ide@%ed using liquid

ﬂﬁ;} constituents depend
) S

on the type of the fruit, stage %ick'ng, location a@soil conditions (Baliga et
al., 2011). According to B@ur Lt 2013) v_géstudied Algerian dates stated
te

enolic_con ‘x\,ir‘/‘eb'uch higher than Omanian dates.

phenolics (Benmeddour et al., 2013)

c‘v;f |
procyanidins (Baliga et al., 2011M unds wh
chromatography technique. The ratG‘ji concerﬁo% 0

that the results obtain

N}

’ 4
Farag et al. (2014 %d"cated Iha\Ono and~di<glycosides identified in dates fruits

were mostly ﬂ% erim\? 1uerc@y and flavone derivatives (luteolin and
‘ ¢
/ ’ c’)

@,

EA4.12: Chemical Com@'nds in Ajwa Dates in Negative lonization

\Group Compounds Name
Q Flavonoids luteolin

luteolin 7-B-neohesperidoside
3,8-di-C-glucosylapigenin
3-O-acetyl-caffeic acid
apigenin-6-C-galactosyl-8-C-arabinoside
apigenin-7-O-B-D-rutinoside
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quercetin-3-gentiobioside
quercetin-3-O-xyloside

quercetin-3-O-B-D-glucopyranosyl (1—2) B-D-
galactopyranosyl-(1—2)-B-D-glucopyranoside \
quercetin-3-sulphate (q
quercetin-7-O-[B-D-glucopyranosyl(1—6)-B-D- 5

glucopyranoside]

quercimeritrin Y'

Anthocyanid cyanidin 3-(2G-xylosylrutinoside)
ins cyanidin 3-(4"-acetylglucoside) T
cyanidin 3-(6"-ferulyl-2"-sinapylsa de‘-S (6-
malonylglucoside)
cyanidin 3-(6-malonylglucoside)- ‘

caffeoylglucoside)-3'-glucosi

cyanidin 3-(6"-malylglucoside

cyanidin 3-(6"-p-coumaryl-2%-sinapylsambub mde)%%‘
(6-malonylglucoside) ‘.

cyanidin 3-(6"-p-coumar¥"-sin orosi

glucoside

cyanidin 3-(6"-p-c \(glu i
dimalonylgluc
cyanidin 3-(6" -p-co mb
cyanidin 3- ( pylsop )-
cyanidin 3; g i

I@osyl) 2-

cyanidi -p- h
xylosy S|de]

cya 3-
(6 -O-s cn;@ucopyranosme)
I 3sop roside-5 sid
proanthoc nidi
rocyan (J

EO

«%

c
saplad\

%I: J’ feoyl<B-D-glucopyranoside

eth FB'S O-dicaffeoylquinic acid methyl ester
caffeo h|S|de

\ chlorogenic acid
crocetin

Q From Table 4.11 and Table 4.12, we can see that more flavonoids were identified

in positive and negative mode ionization. Nevertheless, cyanidins group were
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identified more in negative mode ionization instead. No similar cyanidin compounds
were identified in both ionizations (Table 4.13). Meanwhile, sterols compouVNs
identified in positive ionization only. These findings showed that it is i t to

perform both positive and negative ionization to obtain more infoﬂ% as both

identified different compounds. Q

Table 4.13: Chemical Compounds in Ajwa Dates in B

Group Compounds Name

Flavonoid luteolin-7-O-a-D-glucoside
S quercetin-3-rhamnogentiobiosi
quercetin-6-O-glucoside

apigenin-6-C-glucosylglucesi 4 \T
apigenin-7-O-a-L-rhamnose(1 —4) }-Netyl-lz-mg'

glucoside

Phenolics ferulic acid \)
id

glucosyringic

trimethylgallic.aci \T
2-methoxy ¢ aﬂ
3,4-dihyd amic acid y 4 Q-
3,4-dim®%§innw A‘Q

c acid

4-O-p pyranosyl-cis-cinnam
(o S
Typically researchers ly fQQ tﬂ'e(‘gvsitive ionization due to the higher
efficiency compa@ga&@ (Zhe&ﬁ al., 2016). However, in this study, 21

compounds @nti]edﬂ?sﬂve @gﬁe while 39 compounds were reported in

negative 12 ¢
’ L 9
>

&)
4 N: IR Fingerprint of }JWa Dates

Fe

mpounds id ied in both ionization.

AED

he purpose of using this method is to investigate the specific fingerprint in
er to differentiate between ten selected dates fruits with different varieties. FTIR

spectrum can be divided into two regions which are functional group region and



fingerprint region (Alex et al., 2018). The wavelengths for infrared spectra are ranging
from 4000 cm™ to 450 cm™ the functional group region lies from 4000 cm w
cm™ (Alex et al., 2018) while the other study stated that vibrational finge@}glon
lies from 1000 cm™ to 2000 cm™ (Rehault et al., 2017). -\

In this study, ten dates fruits were analyzed using ATR-FTIR WOOO cm™ to
600 cm™. Figure 4.2 shows the overlaid spectrum of ten differentWarieties of dates
fruits. The spectrum can be considered as identical becaus mo[ the spectra are

aligned. Thus, from this information, we can assume date fr dlfferent

varieties have equal beneficial effects on human heal Ajwa date aljes Lﬂ&s that

being used in this study). However, the wav an mg' f 00 rﬁzf to 2000
cm™ has slightly different in term of the v. ansn\% (%T)é\
~

——K2_1a
——K3_1a
——K4_1a
—K5_1a
——Ke6_1a
—K7_1a

——K8_1a
——K9_1a
——K10_1a

T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wavelength (cm™)

G;re 4.2: Overlaid Spectrum of Ten Different Varieties of Ajwa Dates Fruits
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Three peaks were observed in the functional group region for all samples
except for samples labeled as K8 and K9 which have four peaks. A strong an
band in all spectra K1 to K10 with peak ranging from 3258.19 cm™ to cm*
corresponding to alcohols and phenols (O-H stretch, H-bonded) emarked.
Meanwhile, peak ranging from 2928.38 cm™ to 2942.97 cm™ is a‘gharacteristic of
aliphatic C-H stretch present in alkanes were observed in al SN except for K9,

which is has two peaks, 2943.60 cm™ and 2913.31 cm™.

|[1tensity band at

1605.59 cm™ to 1638.52 cm™ were observed representi C=CHstr alkenes in

Ay
all spectra. A new peak was observed in K8 at a pea 0.27 ci™ us alb/ ‘r@sents

C=C in benzene ring. All spectra are illustratedsi ndix 19; N

ion” in a\l spectra e@KZ and K6
indicates the presence of CH, asymm@ing; Kla 1.9@-1’ K3 at 1408.66

cm™, K4 at 1408.06 cm™, K5 at 1cm ,\314 ,{b\cm'l, K8 at 1437.72

—

The peak appearing in fingerprin

N,
cm™, K9 at 1425.84 cm™, and 1428702 ¢ '%Theq{&t peak which represents

&
CH; bending in the sample a}m wereobserved i {}spectra; K1 at 1343.65 cm™,
Z 3

K2 at 1344.01 cm™, K 3 cmi?, K4'at 134110 em®, K5 at 1341.33 cm™, K6
4 ’ &
at 1340.56 cm™, 2351343. o K8 atég._wuz cm™?, K9 at 1339.71 cm™, and
K10 at 1339.16,cm T ce ot}&b stretching was revealed due to the

!
¢
presence of %t 1250.54
\ 1
in'tb\e sample K3, peak at 1250.59 cm™ in the sample

'fincg sample K1, peak at 1250.36 cm™ in the
sample% at 1250.9 ';n
T

K4, peakiat 1248.77 cm™ in @émple K5, peak at 1250.71 cm™ in the sample K6,

1

p X1247.61 cm™ in the sample K7, peak at 1249.28 cm™ in the sample K8, two
& s presence at 1223.75 cm™ and 1202.40 cm™ in the sample K9, and two peaks
resence at 1224.26 cm™ and 1202.78 cm™ in the sample K10. A high intensity peak

ranging 1000 cm™ to 1100 cm™ was observed in spectrum K1 to K7 denoting the
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presence of C-O stretch present in alcohol, carboxylic acid, ester and ether. However,
a small unique peak (1102.31 cm™) was attached to the high intensity peak w
1000 cm™ to 1100 cm™ was observed in K8 denoting the presence of \retch
present in alcohol, carboxylic acid, ester and ether. Meanwhile, three'% peaks in
K9; 1145.64 cm™, 1102.61 cm™ and 1047.63 cm™ and in K10; 1145.48 cm™, 1102.99

cm™ and 1047.78 cm™ were attached to the high intensity peqkwg 1000 cm™ to

1100 cm™ was observed denoting the presence of C-O pre'sent in alcohol,

carboxylic acid, ester and ether, C-N or C-C stretching. .\d
L ]

icates the pr, sehc_e\f-sf‘z;-H
CQ cm-l\gm 775.16

Lin K1, peaks at 917.63 cm™, 864.24 : nd 7 cm in K2,

peaks at 917.99 cm™, 864.09 cm’ & 56) ) .03 @ in K3, peaks at

916.53 cm™, 865.72 cm™, 816.40 nd 775.

865.48 cm™, 816.51 cm™ and %m 10h K5 eaks% ak 921.99 cm™, 863.76

cm™ and 817.90 cm™ in K Mak r%g:pm\ 4.24 cm™, 816.33 cm™ and

775.07 cm™ in K7 and% 988.831:;}}2&.5@?1, 864.00 cm™ and 818.96 cm”
!in K8, peaks at 9991 cm'l,‘a 4 18

in K9 and pea &O

&
Sg.%cm 837.29 cm™ and 774.46 cm™
Yin K10 sa pIeS'

\
might b%kthe presen other&ed nutrient such as honey.

&ure 4.3 illustrates t@erlaid spectrum of two different Ajwa dates. K1 is

tes from Egypt Bazaar and K4 is Ajwa dates which was used as main sample

Several peaks appearing below than 1000 ¢

bending. The peaks spotted are at 917.10 cm™

56 @“’837 27 cm®, 817.20 cm™* and 7743.86

s study. The overlaid spectrum indicates that both Ajwa are identical as the
ectrum is overlapping each other. Therefore, we assume that both Ajwa samples

have equal beneficial effects on human health.
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Figure 4.3: The Overlaid SNn f Two Di nt@&Dates
AN
NS
@

“ &
4.2  Urine Metabolites \ Jﬂ%j '\A%

421 H-NMR Anal%zrine samplgl | )
4 L 4
'H-NMR speo&qu |nel ereé(&%d according to the urine collection
as 0 hour (0h), \éﬂ;@h

u (sh)(:f}gunours (12h) and 24 hours (24h). Figure
4.4 showed t%

N
Individ%kum of this alysiS&hown in Appendix 20. These *H-NMR spectra
wer@zed using PCA becaQXe data is too complex.
N

3
N

L

!
MR spe afroe}‘ﬂank urine (Oh) to 24h of urine collection.
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4.2.1.1 Principal Components Analysis (PCA)

PCA was performed using Unscrambler 10.3 (CAMO Software, Norwam
model were used to assist in comprehending the clustering patterns of @tion.
PCA was performed on 'H-NMR spectra (Day 1 to Day 4). to that,
preprocessing technique was performed on raw data using mealization.
Initially, urine samples were collected twice on Day 1, fou tMn Day 2 which
labeled as Oh, 4h, 8h and 12h, twice on Day 2 (24h and 36 Yay (48h and 60h).
Scores plot in Figure 4.5 illustrates the urine metaboli ave EW into two

g
lustered to hdr@urine
w ect@t~ 4 hours,

DOB'TES : ¥
QO

sides which is urine samples collected at 0 hour has

D

samples after 24 hours (24 — 60 hours), mean

=)

\ j a D C}
Scores
s onm 34
AHh ALl I 5 245083 SRS b
4h :
02 . ** &  24h S e
v
0 on ah 24k
m v
- 24h
.02 v
g 8h
E'—D.d- &
dh G.h -
-06 .

24h 24h
24h, 36hoh v

-08 Shy 'y m O 24h M

.
& T % L4
-12 - 08 06 04 02 0 02 04 06 0B 1

PC-1 (67%)

‘“'- \"
%\ Figure 4.5: Scores Plot of *H-NMR Spectra from Day 1 to Day 4

Q Therefore, another PCA plot has been performed on the urine samples labeled

Oh, 4h, 8h, 12h and 24h. The Scores plot is illustrated in Figure 4.6. From the plot, the
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samples labeled Oh (blank urine before consumption of Ajwa dates) were found
located near to the 24h (urine samples collected at 24 hours after consuming th

dates). This may indicates a complete 24 hours cycle of the effect of@s ates
intake. Therefore, it indicates that the effect of Ajwa in human boﬂ\within 24
hours. Furthermore, the slightly scattered spots of 4h group, was ‘@Ssumed due to

different metabolism rate for each individual. On the contr rMs in 12h group
Jtts

were highly aggregated compared to 8h, indicated that a f'ive reached the

similar metabolism rate. .\d
@

The first principal component (PC1) and se

accounted 58 % and 24 % of variance, res

produce scores and loadings plot. Scores

among the time of urine sampling (0@4 oad@plot (Figure 4.7)
elucidates the chemical shifts that %bute p@\of sampling in scores
™ % ,}j
V & q
Scores
08 sa,  24R4t0nOh
0.6 4 v yvyh
24h
0.4 4 418 v
024 . $¢ N 44n
- # ¥
3 Ot
g-o.z- o 240
0.4 1 ah 24h v
0644 4h o Ogh L
24hdh im
-0.8 4 8h vy e
F'Y
-1 = = = = - - = = = -
£] -0.8 -0.6 -0.4 -0.2 0 0.2 04 06 08 1 1.2 1.4

Q' PC-1(58%)

Figure 4.6: Scores Plot of "H-NMR Spectra of Urine Samples Collected from Oh
to 24h

79



In loadings plot (Figure 4.7), the chemical shifts 3.06 ppm for creatinine
contributes to 0 hour while 2.06 ppm for N- acetylcysteine (NAC) contribute
hours in scores plot. This could be explained that those metabolites@%rore
excreted to urine at respective sampling time. Other chemical shifts ignificant

when lies close to origin. *H-NMR spectra from Oh to 24h samples have been selected

for further study because the complete 24 hours cycle. V
} i ' y
Loadings
342 2.06
0.2 4 .
0.1 4
0
011 4.06
— .
=024
=+
2 o3
o
© 0.4
0.5 4
0.6 4
0.7 4 506
-0.8 4 »
049 - - - - - - - - -
-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 01 0.2 0.3 0.4

PC-1(58%)

c,a‘( | }' S
Figure 4.7: Loadings Rlot of Sp' of Urine Samples Collected from
\ O Oh to
A N
O
%ﬂfica}i ofUri e@abolites (Metabolic Pathway)

4.2 1%/
A plots showed the m%fj@lvites change within 24 hours after consumption of

\
'Mtes. Therefore, the focus is on the "H-NMR spectra from Oh to 24h. Chemical

ts in "H-NMR spectrum were compared with reference spectra in the Human
thabolome Database (HMDB) (Wishart et al., 2013). From *H-NMR spectra, the

changes are mostly observed for peaks located in the region of 0.0 ppm — 4.0 ppm.
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In the aliphatic region, citrate (2.57 and 2.72 ppm), trimethylamine-N-Oxide

(3.27 ppm), taurine (3.42 and 3.25 ppm), alanine (1.48 ppm), lactate (1.32?7,

malonate (3.10 ppm), N- acetylcysteine (2.06 ppm), creatinine (3.05 ana\Sa\)pm)

and methylhistidine (3.33, 3.84, 4.02) showed significant different frﬂNnk to 24
hours. There is also significantly different in aromatic region (6.5W— 9.0 ppm)
where there are relatively small peaks from hippurate (7.53, 7.62 7.82 ppm) and
methylhistidine (7.38 and 8.60 ppm) which had been ident %

I the spectra.

The peak of alanine was compared with referen ectr irz‘ﬂl\\/lé and was
"X

alaning-C dﬁuﬁé&ignal

ec% anin@j taurine

imilariin chﬁmi structjé*g\?ishigawa et
al., 2018). Taurine is the end productwaolic degr n O@Steine. In various

supported by Marques et al. (2016) which stated th

resonating at 1.47 ppm is prominent in the *H-

stress levels, disrupted taurlne met Ilsm w %v ,Q%fcreased excretion of
taurine was noticed in rats e|n exp m((c}c('?romc radiation stress,
immobilization stress and us stre eng et al., 2016). Besides,
Holmes et al. (1998% d th t,t/he I\;a of taurine in urine has been
concomitant with WMtyl udy, aurme peaks showed no changes in
|nten5|tyfrom nk t6»24 h sa Table414 showed the summary of the
urine metab ang at enﬁ mg time.

T of,'ot ni h|p ate malonate and citrate were significantly

decr sed after the consump@bf Ajwa dates, but were elevated after 24 hours.

dogenous metabolites were reported as biomarkers of depressive disorder

& e the concentration of these metabolites increased with depression (Tian et al.,
016). Thus, this could be suggested that Ajwa dates have the ability to reduce the



level of depression. Figure 4.8 shows the overview of metabolic pathway related to

¥

metabolites change after Ajwa dates intake

“;..'T['A“\“. -«,_T P
Glycine — <>

Norcpinlephﬁii:i’ ,, \Y'
g,

v
Epinephrine [ e
g

| 4
Citrate ¥

Acetyl-CoA — P_vrﬁvate

oG

L
- Y i
6 V' S
Figure 4.8: An Overvie%)etabol' athway R@ to Metabolites Change
j o2

aft ates ‘Intake)(Tian , 2015)
PSS

Generally, alanine is pr uce n eSJquate by reversible transmination

reactions anM pro Jced i mus@vhich functioning as a major energy
N
source. A@ag ﬂ%e}'al (.(gﬂ’lS), alanine is a regulator in glucose
if't

alabife is fully utilized, the level of alanine would

/;:5
L |

Hen -

meta herefare,
4
deSa s well as'the (ﬁp@n level. Most organisms will go through cellular

spiration to produce ATP\m the presence of oxygen. However, generally human

o‘%jy will develop a way called fermentation to create ATP even the absent of

oxygen. This method could only works in anaerobic conditions, which is there is

no air. Glucose still goes through glycolysis which creates the pyruvic acid and 2
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ATP, but in order to regenerate more NAD the pyruvic acid is then broken down
into lactic acid. Although the lactic acid fermentation takes places in ,

however, as the lactic acid starts to build up in your muscle, your mu@%\rts to

cramp up. Figure 4.9 shows the metabolic pathway of lactate and e.
~ x:
2 ADP 2 ATP P
|
=0
Glucose mmmmmmE === |
—°
CH;

2 NAD* 2 NADH 2 Pyruvate

?_
c=0
| ik
H—C—OH No intermediate;
(|:H pyruvate accepts
3 electrons from NADH
2 Lactate

L i ':‘ %')
< &
S
Figure 4.9: Relati actate and®yruvate-in'the Presence of Glucose
'S
’$ s
In addition, seg&als di \9pcm d that@enrichment of lactate, which is an

0 |ssuEsj\ﬁ;¥ human body, was an indication of the

organic moleculé'p ced

!
increased in a%blc g co‘lyt aefiv&c@-leather et al., 2013), related to diabetes and

microal %(C‘{io eJ}I.,

20172. Nea while, McNiven gl;a (2011) stated that colon and stomach tumour
\

20@)\, and major depressive disorder (Chen et al.,

ti Nave high level of lactate compared to the healthy tissues. In this study, lactate
p was decreased after 4 hours of Ajwa dates consumption. This can be
knowledged as a good effect of Ajwa dates due to the decreasing level of lactate as

shown in *H-NMR spectra.
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Table 4.14: Summary of the Urine Metabolites Change at Different Sampling

Time
Metabolites Chemical Shifts, 6 (ppm) Changes of the e etabolltes
at dlfferent sa ime
12H  24H

lactate 1.32

alanine 1.48
N- acetylcysteine 2.06 nd nd

+
+
citrate 2.57,2.72 \, - +
+
+

malonate 3.10 -
trimethylamine-N-Oxide  3.27 i -

taurine 3.42,3.25 nc ' nc nc nc
creatinine 3.05, 4.05 ‘\d +
methylhistidine 3.33, 3.84, 4.02, 7.38, 8.60 c . nc

e —
-2
P\

+

hippurate 7.53,7.62,7.82

(nc)= no changes, (+)= appear/identified, (-)= Qa d (nd n etécl;éﬁ,j
‘Z“

hemlﬁﬁuft 2.06 ppm

IS a s@e of thiol groups

A high intensity peak of N- acetyl ﬁ NAC‘y\Wl

was observed in spectra of all samples ours N

_ S,
which has been reported to enh: scle rod (é)@ﬂ and mitigate fatigue

(Jannig et al., 2017), acts as loxida Om ati et +2017) and as a treatment

alternative for substance u?&rderi (Sq a et@ 2018). In all samples, NAC

was merely detected in and 24‘bours gct<a</ is can be assumed that NAC did

not correlate to Ntes ||1tahnstead%(e'§ult showed that trimethylamine-N-
Oxide (TMA N\gut gen&rs}d metabolite, was diminished after the
: 4
es.

consumpti (_;

ile in {4 s'spe , TMAO was elevated, showed the significant

cor, ioh between TMAO aﬁ(@Ajwa dates intake. Carta et al. (2017) stated that
levels increased due to adverse cardiovascular outcomes and cardio-renal

exes meanwhile Sun et al. (2017) mentioned that TMAO directly contributes to
kidney interstitial fibrosis and dysfunction. However, several metabolomics studies

reported that meat or fish intake (Dragsted, 2010) could be the reason to the increased
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level of TMAO in urine samples since TMAO is a metabolite of L-carnitine and
phosphatidylcholine, which is abundant in red meat (Ufnal et al., 2015). Th?!,
further work is required to investigate its specificity. TMAO may possiﬂ»\simore
useful as a dietary fingerprint of protein intake (Manach et al., In other
research, Ottiger et al. (2016) reported that TMAO plasma levels showed significantly

higher in patients with diabetes mellitus, colorectal cancer, ﬁowve heart failure

l

Methylhistidine has been proposed as fingerprint ietary 'nworman et

o
leased! 3- h)'h@‘fse is
d, butfi eted\iart'he urine
\andgmylhistidine
-me@%istidine may be

2010; O’Gorman et al., 2013%%1( Qnten 'yqof% ylhistidine found in all

samples in this study showed the igrlf' n ctuaic“@

Creatinine is kr% an i

Elevated level of&@ne in(il
oxi

correlation wit ive htone}\ t al., 2013) or meat intake (Dragsted,

’ J (?1
2010). On Sther hand, I8wef C@t' ine values can be resulted through the
% NN
adminis% f antioxid ‘JLeh en et al., 2013). The intensity of creatinine with
i

: Ly
che

hift 3.05 ppm and «ﬁ;&‘ppm from 'H-NMR spectra showed that the peak
N

and chronic kidney disease, compared with controls.

al., 2013). On degradation of actin and myosin, t

neither reutilized for protein synthesis nor m

\sywificantly diminishing in spectra of 4, 8 and 12 hours after consuming Ajwa

& and significantly increased at 24 hours. It was speculated that the antioxidant
C

tivity of Ajwa dates could be a possible explanation to the changes of the creatinine

level. The intensity of creatinine increased 24 hours after Ajwa dates consumption
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indicate the antioxidant activity of the dates which gives effect for less than 24 hours.

Appendix 21 showed the chemical structures of urine metabolites. Yv

4.2.2 GC-MS Analysis of Urine Sample -\

GC-MS was used to detect volatile compounds. Extraction meth@d conducted to

extract urine metabolites is acid-base extraction. Table 4.15 p thhe metabolites
identified in urine samples from Oh to 24h (as mentione mui subtopic). The
information in the table representing the area under eaks MW‘S labeled
ition (A): Ii'e‘f}dvi:ion
b% entic@zﬁme and
%\‘T
inc@iﬁg p-cresol (1A),
m-cresol (2A), benzoic acid (3A), r@fuccir@\dgg(% 3\&m\e'[hyladipic acid (5A),

pimelic acid (6A), 3-hydro lacetic a q(?Ag:{(:%lzelaic acid (8A), 3-

accordingly and followed by abbreviation; acidic c
(B) and neutral (N). All metabolites were

similarity index (SI) more than 70 %. \)

Most of the compounds are det In_acidic co

\ &

hydrobenzoic acid (9A), 4-§dro nzo[ I OA)@ovanilic acid (11A), suberic

acid (12A), hippuric a ), azela VEJ }1‘4Abnyristic acid (15A), indoleacetic
d &

acid (16A), n-hex Q@oic afl , pagu}c acid (18A), triclosan (19A), and

stearic acid (20A). InvAlkah itio éé(/v compounds were detected including

[
cadaverine gD.wea 23B),
NN
(13B), % cid (@ ristié?&id (15B), palmitic acid (18B), (Z)-oleic acid
(24Q

d stearic acid (ZOB@éanwhile, only two compounds were identified in

!
irﬂ%lie:z;ad (6B), suberic acid (12B), hippuric acid

n%ﬁhcondition which is palmitic acid (18N) and stearic acid (20N). Mostly,
ompo

unds that were identified are fatty acids and phenolic acids. p-Cresol is a
henolic compound and major metabolites of aromatic amino acids tyrosine (Verbeke

et al., 2015), and also as end-product of protein breakdown (Human Metabolome
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Database (HMDB)). All value in table representing the value of area under compound

peaks.

Yv

Table 4.15: Urine Metabolites Identified in Acid, Alkaline and Neuﬂ%gndltlon

Code Blank 4 Hours 8 Hours 12 houri 24 Hours
1A 2031146 1749460 ng
2A 922260 1219720 1701821 1891746
3A 1137796 891158 0 933112
4A 0 0 o 937302
5A 3152763 2718832 820 4478892
6A 0 0 .\s\d 42%;80
7A 0 0 0 93
8A 0 1229523 | 4706
9A 3283023 3033673 0 ‘?_?884740
10A 0 0 35 0
11A 6704255 0 6637033
12A 0 0 \; 661 .&\ 2513772
13A 4714201 318992(0 ¢,0" 21005056
14A 0 73079 0 0
15A 728357 o 28 _\O 0 0
16A 2657509 2 3569077
17A 9547980 o %73 9 22958 5853689
18A 2476026 20 7361 1384934 2447334
19A 6173710 6010 0 0
20A 3613611 47 1925355 4136421
22B 0 Y N 0 0 0 17034128
238 0 l7 493 58124945 82692830
6B 144038 d F& 0 0 0
128 40| Y% O o 0 0
13B 70057 0 %% 0 0 0
14B 4072237 0\ 0 0 0
158 \ O¢ I cu)(-’ 2177515 0 1173741
18B 040641 _ 2641318 31667937 21853946 25205888
24B 0/ )1019088 1156221 869483 1658964
21 2772 p 31494202 35520267 26931563 29546782
1 17752263 © 18906343 18012213 19819401 19742858
21151589 . (21874510 21487728 24887285 24280779
Ny

g
N
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4.2.3 LC-QToF-MS Analysis of Urine Sample
4.2.3.1 Urine Metabolites Y-
In positive ionization, there are a number of metabolites identified i \ank)
such as flavonoids; cnidimol F (Yan et al., 2019); kushenol | (Ch&., 2018);

kushenol M (Chen et al., 2018); kushenol T (Chen et al., 2018); qum%n (Zhao et al.,

2008); pachypodol (Rezazadeh et al., 2017) and sanggen M et al., 2018),
ze

alkaloids; ephedradine B (Zhang et al., 2018a); isomai (‘\rianna, 2018);

melicopidine (Isabel, 2017); piperyline (Olalere et al., 8) a de (Ngo et
L 2

Y-v

al., 2017), phenolics; feruperine (Gomez-Gomez et al.,;»2018) and ro’ @et al.,

urin€’are, i nh@ritin and

riboflavin (Bergwik and Akestrom, 2018). V 0\ \y
&

Meanwhile in negative ionizM2etabolites at i@tified in Oh are
AN

\n‘ti @nd other compounds

_ ¥,

N
Ta ’N@ Mitab%}an&d Urine that Identified in Blank (Oh)
/4
Comipolinds {+H) Compounds (-H)
ayoneids i
kushe{ﬁm apigenin-7-O-rhamnoside
\ kushenol T chrysosplenetin B
liquiritin
pachypodol
Q sanggenon J
Alkaloids ephedradine B

isomaistemonine
melicopidine
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pellitorine
piperyline

Phenolics feruperine z
glabrol (’}
Unknown riboflavin (Vitamin B2) morusin hydfﬂb&;ide

isoanhyoicaritin 6,7-dihydroxy=2-
phenylethyl)‘¢hromone

clerod in
hibi et|~r;$06gluc05|de

N

Urine metabolite that appeared after 4h consuming Ajwa dates flesh are

N 1\

flavonoids; 2-methoxykurarinone; bavachin (corylifolin) (Song et al., %017);

\

kaempferol-3-O-a-L-arabinoside (Xue et al., 2008); Ieachianone G (Bilal et al., 2014)
| o “nt O

and licoflavone A (Kuang et al., 2018), aIkaI0|ds codonopsme (Wang et al., 2017c)

AN % N
and nigeglanine (Gaikwad e al., 2015). Other compounds that |dentiﬂed after 4h Ajwa
~/ > 0O
dates intake are ophiopogonanone B (Jiang et al., 2016) and retusine (Gupta et al.,
LN
2014). All these metabolites were identifie‘q in positive ionlzation. Metabolites that
T U &
identified in negative |on|zat|on for the same sampllng time (4h) are flavonoids;
S
astragaline C and sophfnothoman D and other compounds such as saulatine. All

metabolites identified in 4h are tabulated in Table 4 17.

-

U
Q 7 S
o .
A7: ef' Ehg'n'an Urine that Identified in 4h

Compounds (-H)

Flavonoids” 2- -methoxykurarinone

" bavachin (Corylifolin) astragaline C

kaempferol-3-O-a-L-arabinoside sophoranodichromane D

\ leachianone G
licoflavone A

Alkaloids  codonopsine
nigeglanine
Others ophiopogonanone B saulatine

retusine
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Meanwhile, 2 alkaloids; polycanthine, 1 phenolic compound; eugenyl glucoside

and 1 sesquiterpene; pseudosantonin were identified in 8h after consumption of Ajwa

AN

dates flesh. Geniposidic acid and paeonilactone A are other compounds that found in

\

the same urine sampling time (8h). In negative ionization, flavonoids such as

.
roseoside and cimicifugic acid E, phenolics; syringic and sinapic acid‘, sesquiterpene
a .
such as chloranosie B and unknown compounds such as tryptophane and

echinothiophene were identified in the same sampling tlme Table 4 18 showed the
Y-.

4
metabolites that identified in 8h.
! _@

Table 4.18: Metabolites in HumanslJi a%@ﬁt' iedin Sh\‘r
- A

Compounds (+ ,'  “Compeunds.-H)

Flavonoids ~.roseoside ¢, -

\ cimicifugi\c_iicid E
Alkaloids | (,., \Tv) s
polycanthine’ (_,}
" AF

——

Phenolics eugenyl glucosﬂje _syringic
\smaplc acid
Sesquiterpene Opseudosanto‘r;J l 0’ chloranoside B
Others geniposidic aC|d tryptophane
& paeonllactone echinothiophene

N ) ,' &
And there is only one known compound that appeared after 12h consuming

N= | ])

Ajwa dates flesh which is methyl lucidenate Q (Nguyen et al., 2015) in positive
\V wrLY

ionization and eucommiol in negatlve ionization. Most urine metabolite appeared
aﬁbm Ajwa dates flesh consumption. There are 32 urine metabolite were identified
\in positive ionization including alkaloids, phenol, amino acid, flavonoids, terpene
glycoside and terpenoid. Other known compounds found to be appeared in 24h after

Ajwa dates intake are ajugasterone C-2,3,20,22-diacetonide (Olennikov, 2018),
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andropanolide (Sun et al., 2018), bruceine H (Yan et al., 2016), dehydroabietic acid

(Gu et al., 2017), desmodimine (Wang et al., 2017b), glucosyringic acid, glu )

heterodendrin, kusulactone, linustatin (Knutsen et al., 2017), a-D-

fructofuranoside, methyl-B-D-fructofuranoside (Karla et al., 2017), mﬂ%ic acid F

(Kamat et al., 2017), mudanpioside F (Liu et al., 2018), paeonisuffw\/ang et al.,

2017d), paeonolide (Viborg et al., 2017), pterodontriol W et al., 2017),
3-

ranunculin (Wang et al., 2017a), schizonepetoside r'et al., 2018),

L ]
identified are coniferol (Lyu et al., 2018), gen@\ (Fatima I.' 2‘@ and
picrasidine P (Amaral et al., 2017). ' 4 .\T

Meanwhile other compounds are phenol; ,gink
sin@pene glycoside;

flavonoid; lutonarin (Lelciu et al., Z@ino aci
I)@'ative ionization gives

trans-carveol-6-p-glucopyranoside rpenoid, ?ti

N,
flavonoids; bruceine E; catalpa% and'harpa ide, a(lsc.n;\d; delphatine, phenolic;

3,4-di-O-galloylquinic acid;_3,5- dirT
isosilybin and Iinocinr%, mino aci
N

terpenoid; shionosi ; shion(is
Other compounds thatwi i

¢ J C,)a
loenin, androgral ato'si% pocynin B, chrysanthemin, citric acid,

(24h) are E
\
dehydramorroniaglyco rtyneside A, mudanpioside G, neocuscutoside C,

scutellone E, sibiricaphenone (Feng et al., 2018) and%witamin B5: loids that
e

lic acE holic acid; glucuronic acid;

'r'o'si - Jascorbic acid and nimilinic acid,

din @Ative ionization for same sampling time

nigakilaétone E, nortrachel@e{ nuezhenidic acid, portuloside A, vomicine,

t \bnosides E, thymidine, tenuifoliside D, secologanoside, sebacic acid and

d entosin. Table 4.19 presented the metabolites in human urine that appeared after

4h consumption of Ajwa dates flesh.
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Table 4.19: Metabolites in Human Urine that Appeared after 24h Consumption of

Ajwa Dates Flesh

Compounds (-H) q
bruceine E )

Compounds (+H)
Flavonoids lutonarin
catalpol
fraxin
harpagide i
Alkaloids
gentianine
picrasidine P
Phenol ginkgolic acid
‘z"l.
Amino Acid tyrosine \l

Terpene Glycoside

Terpenoid

Unknown

(a)
&
N
N

- %
dro N
\ eﬁﬁ? §
ydroabieti
o'dGqum
cos

&

trans-carve = &

4 f &
gaster - 0,2 L/

n{/‘&'%ud

glutaml
heterod r|n

kusulactone

linustatin
methyl-a-D-fructofuranoside
methyl-B-D-fructofuranoside
morusimic acid F
mudanpioside F
paeonisuffrone

X @ N
o)

(—)
¥ 17

%noyde A

onoside B
actlnollde

aloenin

andrographatoside
apocynin B
chrysanthemin

citric acid
dehydromorroniaglycone
martynoside A
mudanpioside G
neocuscutoside C
nigakilactone E
nortracheloside
nuezhenidic acid
portuloside A
vomicine
turpinionosides E
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paeonolide thymidine

pterodontriol D tenuifoliside D

ranunculin secologanoside
schizonepetoside E sebacic acid \
scutellone E sarmentosin (0
sibiricaphenone

vitamin B5

Appendix 22 illustrated the different pattern of chromatograms t ;t indicated the

variation of urine metabolite from Oh to 24 h in positiv anWtive ionization. It

showed most compounds were identified in chromato f urineymetabolite at 24h.

Some peaks were spotted appeared and disappearedyin the chrjvvato ' T&gé'are

also peaks that belong to certain compounds remam,in almc?t It coIIQé;U n time
\V

id, ad ntgs'me, coixol,

IofinQ agnocurarine,

cuscohygrine, dictysine, evoxanthine iﬁ%ﬂg

neokurarinol, oxymaistemonine, urizine a
Compared to urine metab%’ [ ent}]‘ in J0h, mg@x urine metabolites are
9 Q
appeared after the consumptiM jwa dat . Tkﬁ%t’udy found that Ajwa dates
N
contain lots of flavonoi an%cyanidi : ph?o ic @terol which expected gives the
notable changes of metaboa' sin uiq ple's &
& Q S
4232 St@\ygl A Iys?“" c.)(-’
One%echn?ﬁ e etric had been used in this study is Principal
A

4

Compswnalysis (

Iow plot is the urine tin%collection. From Figure 4.10, urine metabolite that

Q‘@ed only in respective time collection has been highlighted. As illustrated, the

f.'TQ/YEores plot elucidating the urine metabolite and the

res and loadings plot pattern are similar. Urine metabolite that had been colored in

scores plot are belongs to each collection time in loadings plot, accordingly. The
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metabolite that scattered in between collection time was showing that metabolites had

been identified in both or more collection time. Y.

Scores

Meokurarin

PC-2 (25%)

PC-1 (49%)

& N A

0.8 -
4H

8H
0.2 12H

24H

PC-2 (25%)
[=]

-0.6 4 OoH

09 08 07 -06 05 -04 -03 02 01 0 01 02 03 04 05 06
PC-1 (49%)

> v I

Fi 4.10: Scores and Lo d%tjs Plot of Urine Metabolites 24h after Consuming

\ Ajwa Dates Flesh in Positive lonization.
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4.3 Summary

Dates flesh contains a number of potential pharmacological functions du
presence of chemical compounds such as flavonoids, phenolics, alkaloidsgan rols
Many studies use the mixture of polar solvents extraction to extract t avg;gg group of

compounds, but in this study, by using three mixture designs in whichyhe polarities of

the mixtures of extraction were changed, resulted in more che\M' compounds be

extracted and identified using GC-MS. B-sitosterol and n be identified
merely in non-polar solvent. Most chemical compoun re ex ac g polar or
combination with polar solvent while longi aldehygle &g;cyl
pentafluoropropionate only detected in D5 xt ct. stadies §("é'ted that

longifolenaldehyde and nonadecyl pentafl ropr io

antifungals (Zhang et al., 2014) %ﬂicrobia

poun(@'ﬂ dates act as
uk@fﬁ et al., 2011),

@-ﬂg polarities differs
N

respectively. To conclude, extrac solvent%ﬂof
significantly. In this study, LC%MS&\ lysi Ajv@ate indicated that Ajwa

dates contain flavonoids, al aI0| ster. ho n
The *H-NMR a as conructe d the profile of the metabolites

4
change after the con&ptlon a“dates (I'Jae effects of Ajwa dates on human

body had been @ted i
were compar%

th the refefende i[.)ie'ara in the Human Metabolome Database

(HMDB): P cherqug_}

nﬁy in 24 hours after tl@§j;va dates intake, based on PCA plots.

mples urine (Oh to 24h) from one volunteer was selected and analysis of the

Q ted samples had been done using GC-MS and LC-QTOF-MS. GC-MS results on
r

ine sample showed that extraction method does matter to extract the metabolites in

-NWVIR s e&mm using Chenomx NMR suite 8.2 and

jwaéaates influenced the changes of metabolites in

urine samples. Data of acid base extraction exposed that this extraction method is not
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suitable for urine metabolomics study. However, in LC-QTOF-MS, some
phytochemicals including alkaloids, sterols, phenols and flavonoids were ovm
change according to urine time collection. C}

In conclusion, investigation on the urinary metabolites using N’Nased and
MS-based could further confirm the beneficial effect of Ajwa dates i@ human health.

The 24 hours urine collection allowed us to investigate the a tiw gut microbiota
r;n

in healthy people during day and night as it indicates ce of biomarkers.

Ajwa dates may possess the ability to reduce stress level¥as the | vwark
@

ers of
Y-.

depressive disorder; alanine, hippurate and citrate ificantly decr, asled _\&ér the

consumption of Ajwa dates. Obvious change uri% olita@?z from 0
hour to 24 hours. Therefore, it indicates that t effu\t of*Ajwa i ‘gan body is
within 24 hours. \, é
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