CHAPTER 6 :COMPARISON OF ANTIMICROBIALAC i IVITY
AND PHYTOCHEMICAL CONTENTS OF 3 T)QS, F DATE
FRUITS VARIETIES Y.

&
X
| &
od tbacterial
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activity against all tested bacteria. Beside% jwa da \\‘er Swfferent date
1- in the VSQ market, such as
o e,

: v <8¢
Date fruits compriseN antib acti‘\ik. Therefore, phytochemical

screening assay is a sindple, fast, and inexpensiv, ‘%iure, which swiftly provides an
F yp

6.1 Introduction

The previous finding indicated that Ajwa exhibited

answer regarding various types Fp& emi@ or secondary metabolites found in

plants. AccordinMng et'al, (2042), n@s analytical methods were developed,

which might l%\ the stfic ]ﬁ!:telq'n)nation of the bioactive compound, including

thin-laye %ﬁtogfa y (L ),@-performance liquid chromatography (HPLC),
4{{ u-) '
ec

HPL: :E spray ionisation@em mass spectrometry (MS/MS), capillary
N

e:Mhoresis, ion spray mass spectrometry (MS), gas chromatography/MS (GC/MS),

0 nuclear magnetic resonance (NMR). Mass spectroscopy provides highly specific

emical information, which is directly related to the chemical structures, such as

accurate mass, isotope distribution patterns for elemental formula determination, and
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characteristic fragment ions for structural elucidation or identification through spectral
matching with authentic compound data. Moreover, the high sensitivity of Mgvvs
the detection and measurement of picomole to femtomole levels of many@r and

secondary metabolites (Sumner et al., 2003; Lei et al., 2011). ‘\

Accordingly, this chapter aims to compare the antimicrobial activities and

phytochemical composition between three date varieties, na lma, Medjool, and
'Vt

Mariami, against bacterial gastroenteritis. The antibacteria was assessed using

a well diffusion assay, MIC, MBC, and anti-adhesion as While t chemicals
@ Y.
composition in date fruits extracts were identify us quid chro odra mass

icald ase_uding ;\c&Brimetric
N
S

assay.
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6.2 Result

6.2.1 Antibacterial Screening by Well Diffusion Assay \Q

Table 6.1 presents the data of inhibition zone diameter of cold a %xtracts
of Ajwa, Medjool, and Mariami dates against all tested bacteria. Antibacterial activity
against all tested bacteria was found from three varieties of dates, While the diameters
of inhibition zone for Ajwa date extracts ranged from 15.67 m .33 mm, Medjool

dates ranged from 17.67 mm to 34.67 mm. Furthermore, Mariami dates ranged from

21.00 mm to 38.00 mm. *
NS
4 b4

As for the cold aqueous extracts, four o e NQ organismis, Mariami
ool @/Iariami dates

li. AQ dates showed the

highest inhibition zone compared e '00'1‘ iami Q?}% against S. aureus and
%h :

7]
S. Typhi. This was followed b cond est hibgq;%ones, including the Ajwa

d

dates, showed the highest inhibition zore compared t

against S. Typhimurium, S. flexneri, V. chalerae, and E.

[Ra=y

dates against S. TyphimuriunsS. exniri, a l' chné}ae, and Mariami dates against
S. aureus and S. Typhi. Me While\,} ﬁt@ition zones were Medjool dates
against S. aureus@hi, @vuriuﬁs;lexneri, and V. cholerae, also Ajwa
dates against & ¢ | O
2 .9
i r

e§4nt between each date variety against all tested

Si difference
. 5, . .
bacteria. Fhe/Dunn’s t szt-h(Q)-analysm (Figure 6.1) found that Ajwa dates had
1

¢

N
si ly higher inhibitior@ne diameters compared to Medjool dates against S.

% (»=0.0177) and S. Typhi (p = 0.0158). Mariami dates also showed significantly
dher inhibition zone compared to Medjool dates against S. Typhimurium (p = 0.0370),

S. flexneri (p = 0.0289). Mariami also showed significantly higher inhibition zone
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diameter compared to Ajwa against E. coli (p = 0.0177), while this significant difference
was not present between the inhibition zone diameters of Ajwa and Mariami ag?m’.
aureus, S. Typhi, S. Typhimurium, and E. coli (p > 0.05). %\

Out of all the tested organisms, S. aureus was the most sensitivﬁ&-ism after
the treatment with Ajwa, Medjool, and Mariami dates, which comprised the largest
inhibition zone ranging from 34.67 to 39.33 mm. This was f (My S. flexneri, V.
cholerae, and S. Typhi, and E. coli, which was the least itiye or'ganism to Ajwa

dates and Mariami dates. S. Typhimurium were the least itive grga 0 Medjool
[

dates. % J ' —\Q}Y’
s \,Y‘
fusi

N3 S al
Table 6.1: Diameter of inhibition%‘ an =+ stan. dev@&-) of the cold
ia

aqueous extract against the tested bac using w ofi"‘assay method.
% e .
Bacteria Inlﬂn'l'i'%zc’ne @
o 2 d Qs
jo @riami Gentamicin
(500mg/ml) , W) ~300mg/ml) (Img/ml)
S. aureus , : = 38.00 36.33
§8) S\ (£0.00) (£0.58)

%-5%;-’ 21.00 28.00
(0.5 (£0.00) (£1.15)
20.33 27.33

58) (£0.58) (£0.58)
67 31.67 26.33

(0.
S. flexne .
\ | o= ! C\QO.SS (£0.58) (£0.58)

V. cholerae I 26167 724.00 27.00 27.33
Qy 0.58) &0 (20.00) (£0.00) (£0.58)
§§i s 567« 1767 21.00 27.33
0.582' (£0.58) (£0.00) (£0.58)

*Inhi

coli
ittén zone included 7mm w@ﬂole

g
N
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Cold Aqueous Extract
50
B Ajwa dates
Bl Medjool dates

B Mariami dates
Wl Gentamilcin

N w E
(=] o (=]
1 1 1

Diameter of inhibition zone (mm)

S. aureus S. typhi  S.typhimurium S. flexneri V.cholerae E. coli

: &
and I@ami cold aqueous

-
Figure 6.1: Diameter of inhibition zoN)va, Medjo
extract against all bacteria using well diff as et]:k@. The asterisk*
represents the significant %*p < M ee date varieties.
‘é Wi
Table 6.2 presents XOf i[h itio zon@neter of hot aqueous extracts

of Ajwa, Medjool, and iami dates again a'yltegbacteria. The extracts of all three
b 4 ((/

dates variety Wer(& ed Witr t \ﬁbacter' ctivity against all tested bacteria. The

diameters of inh% one jwa date e%%cts ranged from 18.33 mm to 38.33 mm,

¢

while the jool’ date fextrac rﬁlg@?om 17.33 mm to 41.33 mm. Mariami date
>

extract edfromdl 0.3‘2. m.

Athe case of the hot \6us extracts, three out of six tested organisms, Ajwa

ia:\ere showed with the largest inhibition zones compared to Medjool and Mariami
a

Q against S. Typhi, V. cholerae, and E. coli. Mariami was showed with the highest
nhibition zones against S. Typhimurium and S. flexneri, while Medjool presented the

highest inhibition zones against S. aureus. This was followed by the second largest
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inhibition zones, namely Mariami dates against S. aureus, S. Typhi, V. cholerae, and E.

coli, including the Ajwa dates against S, Typhimurium and S. flexneri. Meanw?ﬂe

%)

smallest inhibition zones were the Medjool dates against S. Typhi, S. T yp%\m,
flexneri, and V. cholerae, including Ajwa dates against S. aureus and S. 7i.
Significant differences were recorded between the date VEW against all
tested bacteria. The Dunn’s test (post-hoc) analysis (see Figur Nnd that the Ajwa
X

dates comprised significantly larger inhibition zone diamet ared to the Medjool

dates against S. Typhi (p = 0.0252), E. coli (p = 0.0197), V.c 0M= 0.0289).
[

HQ%'VM this

s of Aj Ya.nd Mariami

dates against all tested bacteria (p >\;H) inh@%n zone diameter
between Ajwa and Medjool dates a% S. Typ \w?w @exnen’ (p > 0.005).
ﬁ% N\

Out of all the tested org%& aunreus sithe @? sensitive organism after

the treatment with Ajwa , ) an(l riami date h the highest inhibition zone
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Table 6.2: Diameter of inhibition zone (mean =+ standard deviation) of the hot a S
extract against the tested bacteria using well diffusion assay metho:‘

Bacteria Inhibition zone (mm) :
Ajwa Medjool Mariami Gentamicin
(500mg/ml)  (500mg/ml)  (500mg/ml) /ml)
S. aureus 38.33 41.33 40.33 36.33
(£0.58) (£0.58) (£0.58) \/ (£0.58)
S. Typhi 22.50 19.00 28.00
(0.58) (0.00) (£1.15)
S. Typhimurium 18.33 17.33
(0.58) (0.58)
S. flexneri 29.67 30.33
(0.58) (0.58)
V. cholerae 28.67 24.67
(£1.53) (0.58)
E. coli 24.33 20.3
(+0.58) (+0.58
*Inhibition zone included 7mm well hole V j g
% &
\ N i, 4 O
Hot Aqueous Extract
50+
* Bl Ajwa dates
™ B Medjool dates

Bl Mariami dates
1 Gentamlcin

N w B
(=] o (=]
L L L

Diameter of inhibition zone (mm)

0=

P S. aureus  S. typhi S.typhimuriumsS. flexneri V.cholerae E. coli
Ny
gure 6.2: Diameter of inhibition zone of Ajwa, Medjool, and Mariami hot aqueous
extract against all bacteria using well diffusion assay method. Asterisk above the bar
represents significant value (*p <0.05) between dates varieties.
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As

Table 6.3 presents the data of the inhibition zone diameter methanol
extracts of Ajwa, Medjool, and Mariami dates against all tested bacteria. The variety

extracts of all three dates were recorded with antibacterial actlii%y nst all the tested

bacteria. It was found that the diameters of inhibition zone ate extract ranged

from 19.67 to 41.33 mm, while the Medjool date extra nged) fi W to 41.33

OQ}Y

mm. Besides, Mariami date extract ranged from 20.0 1.0 mm. ' Ky
As for the methanol extracts, Ajwa and d eséh simi Rl.;lhlbltlon

'<]

zone of 41.33 mm against S. aureus. Si rly qu\an arla tes exhibited

similar inhibition zones of 29.33 m r’]; S. flexne our of the six tested

organisms, Ajwa dates, showed th st 1nh1b1£13 % ared to Medjool and

Mariami dates against S. aureu z, V. chole e,« an olz while Mariami dates
exhibited the highest inhibiti stS T yp rzum Furthermore, Medjool
de 1nst S. aureus and S. flexneri,

dates appeared with % t 1nh1 tion

followed by the s %largert t10n Zones, namely Mariami dates against S.
aureus, S. T yph $ i wa dates against S. Typhimurium and S.
flexneri. Th: a sti
aureus % kcoli,ﬁ Medjool dates against S. #yphi. V. cholerae, and S.
T yp Um. >

S

% ignificant differences were present between each date variety against all tested
r

-— Y
c
e

ZJDC(-\?I‘G observed from Mariami dates against S.
NS

d ia. It was found from the Dunn’s test (post-hoc) analysis (see Figure 6.3) that
jwa dates comprised significantly larger inhibition zone diameter compared to

Medjool dates against S. Typhi (p < 0.0001). The same result was recorded from Ajwa
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dates compared to Mariami dates against E. coli (p = 0.0003). However, there was no
significant difference between the inhibition zone diameters of Ajwa, MedJ%d
Mariami dates against S. aureus, S. Typhimurium, S. flexneri, and E. coli @5)
Overall, S. aureus was the most sensitive organism after th ent with
Ajwa, Medjool, and Mariami dates as its largest inhibition zone ranged from 41.00 to
41.33 mm. This was followed by S. flexneri, V. cholerae, E. ¢ Typhi, while S.
Typhimurium was the least sensitive organism to Ajwa, Me &d.l\/friami methanol

extracts. .\d
o

Table 6.3: Diameter of inhibition zone (mean + s d deviatio
extract against the tested bacteria using

Bacteria =
Ajwa i {éentamicin
(500mg/ml) ) ™ (Img/ml)
S. aureus 41.33 <~ 3633
(£0.58) (£0.58)
S. Typhi . 28.00
(20! (£1.15)
S. Typhimurium 27.33
:gsg)s ) (+0.58)
S. flexneri 3 . 26.33
15) .58) (£0.58) (£0.58)
V. cholera 33 I J256%) 2667 27.33

(:I:Oé8)‘ (n!o:s@) (+0.58) (+0.58)

21.67 27.33
(£0.58) (£0.58)
*Inhibition zone lu \
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Methanol extract

o
o
[]

Bl Ajwa dates
Bl Medjool dates
Bl Mariami dates
Wl Gentamicin

N [ B
T g 5

Diameter of inhibition zone (mm)

(=}
L

S. aureus S. typhi S.typhimuriumS. flexneri V.cholerae E. coli

extract against all bacteria using we ass d. Asterisk* above bar
represents signiﬁcant valu 05) betw; e@leties

>»

Kruskal-Wallis test Was ed to compare bz?;e?la inhibition zones with
control (gentamicin), as s F1 aZsﬁ\ the result, Ajwa methanol
extract, Mariami hot % and r
larger inhibition z ompar c rol (g 101n) against S. aureus (p < 0.05).
Meanwhile, A] &01 edJ ot aqueous, Medjool methanol extracts,

and Marla ueo se tr ts&ve recorded with the same result compared to the

e, Vol \el
Figure 6.3: Diameter of inhibition zone@ Me jool, and Mut%ni methanol

ia e l extracts showed significantly

control in S [fléxneri However there was no significant difference

be e dlameters of 1nh® zone, which were significantly smaller compared

to?\)ntrol against S. Typhi, S. Typhimurium, V. cholerea, and E. coli.
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que

Figure(6.4:
Usi

ct vs control, B- Hot a

N

)

[ Cold aqueous
] Hot aqueous
1 Methanol

I Gentamicin

S. typhi Vs Control

4

»
T

N
hd

T

Ajwa Medjool Mariami

S. flexneriVs Control

)
i

[ Cold aqueous
] Hot aqueous
I Methanol

I Gentamlcin

'
i

*C *B *C *A

N
e

T

Ajwa Medjool Mariami

E. coliVs Control

60+
[ Cold aqueous
] Hot aqueous
[ Methanol

I Gentamicin

a
T

]
hd

T

Ajwa Medjool Mariami

E:)d. Asterisk™ Above Bar Represents Significant

us extract vs
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6.2.2 Minimum Inhibitory Concentration (MIC)
The MIC values for Ajwa, Medjool, and Mariami date are presenteﬁ{?b'e

6.4, in which the MIC for Ajwa, Medjool, and Mariami cold aqueous %ranged
5 y

from 500 mg/ml to 1000 mg/ml. The hot aqueous extract ranged from 250 mg/ml to 500
mg/ml, while the methanol extract ranged from 250 mg/ml to 500 mgiil.

As for the cold aqueous extract, the lowest MIC value ate varieties was

at 500 mg/ml, while the lowest MIC values for Ajwa da 00 4g/ml against V.

cholerae and E. coli. Medjool dates had the lowest MIC values of[500 against V.

- i oS
cholerae, while the lowest MIC values for Mari ates was 500gie/ml Ag nst F.

coli. Besides, the MIC value for Medjool and M i dateﬂé with,000 mg/ml

Y.
against S. Typhi and S. flexneri. The Mlit or A‘ﬁva @ date was 500

Med
mg/ml against V. cholerae. Notably, te MIC v

€ COo ot be determined
against S. Typhi and S. flexneri, whi e M&F%f
&
and £

)
determined against S. 7 yphim\ ~coli. o &
As for hot aqueous ex e lowest for e‘lgete varieties was at 250 mg/ml,

[
while the lowest MIC% for Ajwa d es \8950 mg/ml against S. aureus, V.

cholerae, and E. Me lovtest Vah@"ér Medjool dates was at 250 mg/ml

against S. aureM " chole ile th@west MIC values for Mariami extract was
¢

at 250 mg@ st E. coli a(M@Values were recorded for Ajwa, Medjool, and
50

Mariaﬁ%f 0 &l agains@’ yphi, S. Typhimurium, and S. flexneri.

jool date could not be

he case of the met Yextract, the lowest MIC for all date varieties was at

25 /ml, while the MIC values for Ajwa, Medjool, and Mariami were equal with a

dncentration of 250 mg/ml against S. aureus and V. cholerae. Ajwa dates lowest MIC

values were at 250mg/ml against S. aureus, V. cholerae and E. coli. As for the Medjool

dates, the lowest MIC values was at 250 mg/ml against S. aureus, S. Typhi, S. flexneri,
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and V. cholerae. The lowest MIC values for Mariami dates was at 250 mg/ml against S.

aureus, S. flexneri, and V. cholerae. Y'

Table 6.4: Minimum Inhibitory Concentrations (MIC) for Ajwa, 1&1, and

Mariami dates extracts. The MIC values are presented as mg/ml otheplicates.
MIC)

Test organism Minimum inhibitory concentrati

Cold aqueous Hot aqueous extract ethanol extract

extract l
AJ MJ MR AJ MJ AT MR

S. aureus 1000 1000 1000 250 250 & 500 50 9250 (}‘E'so
S. Typhi ND 1000 1000 500 5 5

S. Typhimurium 1000 ND 1000 500

S. flexneri ND 1000 1000 50

V. cholerae 500 500 1000

E. coli 500 ND 500

MIC =
250mg/ml

L
N
5]
—
Q
<
S
=~

MIC =
500mg/ml

\ A ‘ . ! VA
’ a - : — e
0 Figure 6.5: MIC determination using 96 wells plate wells, visible no growth

considered as MIC values.
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6.2.3 Minimum Bactericidal Concentration (MBC)

Table 6.5 presents the MBC values for Ajwa, Medjool, and Mariami da{%inst

all tested bacteria. The MBC was found to have the lowest concentratig%ired to

kill a particular organism (Figure 6.6). The MBC values of Ajwa, jool, and

Mariami dates ranged from 500 mg/ml to 1000 mg/ml for cold aqueous, 250 mg/ml to

500 mg/ml for hot aqueous, and 250 mg/ml to 500 mg/ml for ol extract against
all tested bacteria. '
In the case of cold aqueous extract, the lowest of [JAjwa act %q_s at
. ) I
500mg/ml against V. cholerae and E. coli. The 1 C of Medjool ampunted to

500 mg/ml against V. cholerae, while the lowes?@ of r‘l.a tract\s§~recorded

N
at 500 mg/ml against E. coli. Furtherm%WMB lue ffor A@ Medjool and

Mariami date was equal at 1000 mg/N Whil®e MBC value for

A
Medjool and Mariami date was e %1000 ﬁ% gai st’S., Typhi and S. flexneri.
% [} e,

Besides, the MBC value for A'\n jool dafe was 1 at 500 mg/ml against V.

e
cholerae. However, this VawAjwt at 1d r;@oe determined against S. Typhi
!

and S. flexneri, includi BC V}l eo ddfz/ date against S. Typhimurium and

E. coli. \ l \ %()
As for the\&ameous e %
mg/ml agaj hreus and=F£. oi @e the lowest MBC of Medjool extract was at
o

,'the l@st MBC value of Ajwa extract was at 250

250 m % st S.‘71 #nd I@)leme. The lowest MBC of Mariami extract was
N/

250& against E. coli, Wl'ﬂ'.@his value for Ajwa, Medjool, and Mariami dates was

\500 mg/ml against S. Typhi, S. Typhimurium, and S. flexneri. While this value

st S. aure,

jwa and Medjool dates was equal at 250 mg/ml against S. aureus, it was equal at
50 mg/ml against V. cholerae for Ajwa and Mariami dates. However, the MBC of

Medjool date could not be determined against E. coli.
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As for the methanol extracts, the lowest MBC value of Ajwa extract was at 250
g/ml against S. aureus, V. cholerae, and E. coli. The lowest MBC value of 1
extract was 250mg/ml against S. aureus, S. Typhi, S. flexneri, and V. clm%\vhile
the lowest MBC value of Mariami extract was 250 mg/ml against S. a . flexneri,
and V. cholerae. Furthermore, the MBC value for Ajwa, Medjool, Wriami dates
was equal at 250 mg/ml against S. aureus and V. cholerae. Si MC value at 500
mg/ml was acquired for Ajwa, Medjool, and Mariami da %n.st . Typhimurium.
The MBC value for Ajwa and Mariami was equal at mg WS. Typhi,

oy
followed by the value for Medjool and Mariami aga . flexneri E‘ c@t 250

mg/ml and 500 mg/ml, respectively. Y. 4 N
\ &

Table 6.5: Minimum Bactericidal en:;ations M for , Medjool, and
Mariami date extracts. The MBC valueSipresented i /ml of'three replicates.
NN i PN

Test organism Minigium Bacteriet Jncép{@ion (MBC)

Cold aqu. “Hot agueous @ Methanol extract

act \<</

-

Al R JAI_W™MJ MR AJ MJ] MR
R, ™M 9

S. aureus 100 1000] 25" 12500 500 250 250 250

S. Typhi ND 0 1000 5002 5000 500 500 250 500
S. Typhimurium 1000 ND ,~1000_¥500 (500 500 500 500 500
S. flexneri D ¥10000 1000 5007 500 500 500 250 250
V. cholerac &5 SM 5000 250 500 250 250 250
E. coli 0 | NDp7500 “250 ND 250 250 500 500
N.D.=Not rmined -A]wcﬁt’;g\(&ﬂ-Medjool dates, MR-Mariami dates.

vy
S5

N
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MBC =
500mg/ml

T \y

500 w9 ml

3

Salmonella typhi

Figure 6.6: MBC determination on plate of Ajwa
Typhi, MBC showed a

6.2.4 Bacterial Adhesion Assay %

Ajwa, Medjool, and ]\Ki: dat(ch Je&(&orded with anti-adhesion

activity against all tested ba?ﬂ!ﬂhe t’acter' | dhe@to Caco-2 cells incubated with

[
a u.%us extracts and methanol extracts for
Ajwa, Medjo N
’
6.8. All b ia showed th
er the treatment w ot aqueous extract and 14.48% to 82.22% after the

date fruits extracts Was%ared with, the npe&tf?éontrol. Furthermore, the data of
N

Q' elative.percentage of bacteria adhesion to Caco-2 cells

rangingw.w% {0 35% af e treatment with cold aqueous extract, 4.84% to

Z/

)

anti-adhesion acﬁ%x cold a
agjami dates dre Et%;sgnted in Table 6.6, Table 6.7, and Table
N

72

nt with methanol extracts of Ajwa, Medjool, and Mariami dates. The best anti-

Q\esion activity of dates extracts was presented by the lowest relative percentage of

bacteria adhesion to caco-2 cells.
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As for the cold aqueous extract, Ajwa dates were recorded with the highest anti-
adhesion activity on three out of six tested organisms with S. aureus, V. choleraw.
flexneri. Medjool dates also recorded with the highest anti-adhesion acti% hree
out of six tested organisms against S. Typhimurium, S. Typhi, and E. “Lhe second
highest anti-adhesion activity was Mariami dates against S. aureus, Werae, and S.

M. coli. Notably,

inst 5. aureus and S.

exnefi, Wae, and E.

coli. ' _\"}

flexneri, including Ajwa dates against S. Typhi, S. Typhimuri

the lowest anti-adhesion activity was found in Medjool d

Typhi, including Mariami dates against S. Typhimurium,

Significant differences were present be ch_ dafe ari a@ﬁgt all the
tested bacteria. As seen in Dunn test Figurfe,6. analysi Y:md that the

relative percentage of bacterial adhes‘\ g@‘fantly lower after
the treatment with Ajwa dates extr%n ¢ extracts on S. flexneri

(» = 0.0219). The percentage %
lower after the treatment wi §001

on S. Typhimurium @%%;M}zlwhi
Caco-2 cells was lov\after thf \fhse

extracts againstaS, au T yp@?ﬂn’um, V. cholerae, and E. coli, although

!

no significa %ence sefit bct-\?gen Ajwa and Mariami.
- S

& v

R\
S
S

5 &@centage of bacterial adhesion to
'3 &)

nt Witlé(A{VWa dates compared to Mariami dates

S,
¢
a
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Table 6.6: Relative percentage of bacterial adhesion to Caco-2 cell monolayer after
treatment with 100 mg/ml of cold aqueous extract of Ajwa, Medjool and Mariami

date. Data are given as mean percentage + SD of three samples.
Bacteria The relative percentage of bacterial adhesion (%)

Ajwa Medjool ria
S. aureus 37.65 (£4.79) 92.35 (£32.97) 53.74 (£17.08)
S. Typhi 37.74 (+8.70) 28.93 (+8.50) 82 (£3.92)
S. Typhimurium 34.24 (£3.52) 28.93 (+8.50) \y.m (£10.78)
S. flexneri 18.17 (£6.01) 73.89 (+23.35) Vv 77.22 (+5.93)
V. cholerae 5.15 (£0.59) 8.41 (+2.1 \J ‘ 10.62 (+3.85)

E. coli 56.65 (£0.28) 55.98

2 Ry
‘\Y- x\\. N

Cold Aqueous Extract

-

a

o
1

Il Ajwa dates
Il Medjool dates
I Mariami dates

-

(=

o
[1

(4}
[=]
[1

Relative percentage of bacterial adhesion (%)

0=

S. aureus S. typhi S.typhimurium S. flexneri V.cholerae E. coli

N )N
igurwelativg p%ﬁtge cterial adhesion to Caco-2 cell monolayer after

treatment®Wwith 100 mg/ml of Ajwa, Medjool, and Mariami cold aqueous extracts.
Astenisk™ above the bar indiedteés a significant difference (*p < 0.05) between each

\ date type.

N

iy
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For the hot aqueous extract, Ajwa dates were recorded with the highest anti-
adhesion activity on five out of six tested organisms with S. aureus, S. Typhimu
flexneri, E. coli, and V. cholerae with lowest relative percentage of bacte sion
to caco-2 cells after the treatment with Ajwa dates extracts. Mariami*were also

recorded with the highest anti-adhesion activity against S. Typhi. R second highest

anti-adhesion activity was Ajwa dates against S. Typhi and dates against S.
;1

ow st anti-adhesion

ex erwerae and

| &
a agmg.all tested

bacteria. The Dunn’s test (post-hoc) analy$is, (s : t the relative
percentage of bacterial adhesion to \%ells was Si 1ﬁc@§ lower after the

treatment with Ajwa dates com to Me \ha$d

aureus, S. typhimurium, S. flexneri, V. cholerae, and E. ¢
was the Mariami dates against S. aureus, S. typhimuriu
E. coli.

Significant differences were present be

riami dates against S.

SN
Typhimurium (p <0.05), S. fle 0. 09), an hzq e (p <0.05). Meanwhile,
Medjool extracts showed a xntl erp ce f bacterial adhesion to Caco-

2 cells compared to M%Zraet a Tnst j
=0. ' \'d.l feren

jp rlum (p=0.0196) and S. flexneri
ere tween Ajwa, Medjool, and Mariami
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Table 6.7: Relative percentage of bacterial adhesion to Caco-2 cell monolayer after
the treatment with 100 mg/ml of hot aqueous extract of Ajwa, Medjool, and Mariami

Bacteria

date. The data are presented as the mean percentage = SD of three sample
The relative percentage of bacterial adhesion (%) - hot

Ajwa Medjool riaa
19.11 (7.57) 40.68 (+10.31) 58.97 :@9.99)

S. aureus

S. Typhi 40.28 (£5.04) 48.23 (£10.07) 43 (£9.04)
S. Typhimurium 18.21 (£8.61) 40.56 (£2.99) 27 (£5.87)
S. flexneri 21.06 (£3.87) 42.22 (£6.94) 72.22 (£14.37)
V. cholerae 4.84 (£0.58) 7.63 (+0.8

E. coli 29.75 (£13.33) 37.57 (

150~

100+

a
o
[1

Relative percentage of bacterial adhesion (%)

S. aureus

Hot Aqueous Extract

Il Ajwa dates
* Il Medjool dates
— Il Mariami dates

S. typhi S.typhimurium S. flexneri V.cholerae E. coli

L,

cgta \fbacterial adhesion to Caco-2 cell monolayer

Figures6.
after t ent with glinl o a, Medjool, and Mariami hot aqueous extracts.
Astert ove bar indicates 2') ificant difference (*p < 0.05) between each dates
NG type.
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In the case of the methanol extract, Mariami dates were recorded with the highest
anti-adhesion activity on three out of six tested organisms with S. Typhi and V. cw,
while E. coli was recorded with the relative percentage of bacterial adhesi \00-2
cells after treated with Ajwa dates extracts. Medjool dates also showed&hest anti-
adhesion activity against S. aureus, S. Typhimurium and S. ﬂexneri,Yilgthe second-

Mus, S. Typhi, S.

inst V. cholerae. The

highest anti-adhesion activity took place in Ajwa dates agai

Typhimurium, S. flexneri, and E. coli, including Medjool d
lowest anti-adhesion activity took place in Mariami
Typhimurium, and S. flexneri, including Medjool da ainst V. ¢ rle iﬁé Ajwa

N N, Y‘y
da Variet)@mnst all tested

dates against E. coli.

Significant differences were presentwgn.e
bacteria. Dunn’s test (post-hoc) ana&%e Figure fo@that the relative
percentage of bacterial adhesion %00-2 ce\mgsi \

treatment with Ajwa dates an%l dates co pare(zo ariami dates against S.
aureus (p <0.05), S. Typhi % OM @en’ (» <0.05). However, this
difference was not pr geen wa, e&j@and Mariami extracts against S.

4 2
Typhi, V. cholerae,&% co®

g

/
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Table 6.8: Relative percentage of bacterial adhesion to Caco-2 cell monolayer after
treatment with 100mg/ml of methanol extract of Ajwa, Medjool and Mariami date.
Data are given as mean percentage + SD of three samples. R

Bacteria The relative percentage of bacterial adhesion (%) " ‘\
Ajwa Medjool iami

S. aureus 58.47 (+1.85) 41.47 (£7.74) +10.57)

S. Typhi 31.71 (£9.28) 42.04 (£14.83) %((13.92)

S. Typhimurium 33.19 (+5.98) 25.93 (£3.30) ‘1.69 (+4.68)

S. flexneri 45.66 (£5.09) 32.11 (6. 81.67 (£10.41)

V. cholerae 18.20 (+4.65) 17.04 (9.4 i4.48 (£2.09)

E. coli 61.01 (x12.24) 64.80 (+4! +5. 75)

N (518

Methanol Extract

-

[$.]

o
[]

I Ajwa dates
I Medjool dates
I Mariami dates

100~ *

Relative percentage of bacterial adhesion (%)

50+
0=
S. aureus S. typhi  S.typhimurium S. flexneri  V.cholerae E. coli
Figure 6 ve perce 5 rial adhesion to Caco-2 cell monolayer after
tre 1th 1 O g/ A Medjool and Mariami methanol extracts.

Aster! ve baf indi¢atés a s:Qn ﬁcant dlfference (*p< 0.05) between each dates

=
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6.2.5 Screening of Active Compound in Date Fruits Extracts Using UHPLC-

ESI-QTOF-MS/MS T

From the combination of hot aqueous, cold aqueous, and meth O\acts,
Ajwa dates detected a total of 94 compound peaks (see Appendix 1 - 3),‘% Mariami
dates detected a total of 78 compound peaks (see Appendix 4 - 6), anmool detected
a total of 83 compound peaks (see Appendix 7 - 9). After the removal of the same

compound mass peaks on all type of extracts, Ajwa dat%SE hest compound

peaks, with 78 compound peaks being detected compar tes, which

detected 45 compounds peaks. Additionally, only &pound pea v‘er&ﬂg:;ted
Y-v

cteris&~ compounds

iami (@‘%ppendlx 4-6),

in Medjool dates.
Sciex internal natural product dat bw; tiv

in Ajwa date (see Appendix 1 - 3), 1\%]11(15 in
and 12 compounds in Medjool date Ap enaﬁ\?).

t e}“compounds were also

characterised using cross-refer th liféra aadl \l database. A total of 12
phytochemical compounds tatl osed i Ajwa dates (see Appendix 1 -
3), followed by four % \“arla i ﬂa see Appendix 4 - 6), and two
compounds in Medjéel dates (i " dix é;f These compounds were classified
into a group co 1st1 nd 1t 1vatlves flavonoids, fatty acid, organic
acid, and te ever the'r'ccﬁounds peaks were unknown.

..g
"r

N
\(.)

RN
N
S
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6.2.5.1 Identification of Phytochemical compound in Ajwa dates Hot aqueous

extract. \Q

Figure 7.1 presents the full chromatograph of Ajwa dates hot aqueouss%c, while
tes h

Appendix 1 presents the list of phytochemicals detected in Ajwa da t aqueous
extract. Out of the 39 compound peaks detected in these extrac% pound peaks

were identified, specifically the flavonoid and it is derivative, ng apigenin (peak
13), isoquercitrin isomer (peak 24), Hexosyl luteolin sulfate\(peak 2@hrysoeriol
hexadecyl sulfate (peak 28). Phenolic and its derivatives, sich as punicalagin i?mer
S
(peak 21 and 23) also identified in these extracts? er compoun: a&organic
4

d suc41
b
acids, fatty acids, and sugar, were identified in?&tr W gh otl@ﬁeaks were
unknown. V s
<, ®)
- X\ A

[ W TIC of -EPI: Exp 2, from Sample 4 (Hot) of AJ.wiff (Turbo Spray) Max. 1.9e8 cps|

1.9e8 | 4 I

1.8¢8|
1.7¢8
1.6e81
1.5e8
1.4e8 2.17 E
1.3¢81
1.2e8+
1.1e8
1.0e81

9.0e7+ 13.42

Intensity, cps

8.0e7
7.0e7

6.0e7 13.21

14.76

50671 747 14.09
4.0e7 12.66
3007 EI 12,27
10.69 1146
2.0e7+ 1045
1.0e7p
00 f T T T T T T T T T
K 7.0 8.0 9.0 10.0 11.0 120 13.0 140 15.0
Time, min
o

6.10: Full chromatogram of phytochemical compounds detected in Ajwa dates
cold aqueous extract by UHPLC-ESI-QTOF-MS/MS

S
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6.2.5.2 Identification of Phytochemical Compound in Ajwa Dates Cold aqueous

extract \Y~

Figure 7.2 illustrates the full chromatograph of Ajwa dates cold aqueou %, while
Appendix 2 presents the list of phytochemicals detected in Ajwa dates cold aqueous
extract. Out of the 29 compound peaks detected in these extracw pound peaks
were identified, which included phenolic acids and derivatiw?!a:h as caffeic acid
derivative (peak 3, 6, 9, and 10). Meanwhile, punicalagin )i elntiﬁe flavonoid
and derivatives, such as chrysoeriol hexadecyl sulfate (p€ak 18) i ied iY-this
| ] o) | &S

extract. Other compounds, such as fatty acids, also identifiéd in th'ré\extract,

4

although other compound peaks were unknownY- \ &

r_\ X\°?)A

W TIC of -EPL Exp 2, from Sample 3 (Cold) of AJ.wiff (Turbo Spray) Max. 2.6e8 cps|
2.6e8 14
Gl Y
2.4e8-
228
2.0e8
s N
| H
1.6e8
S 14e8
£ 451
5 1.2e8- n 6.74 8.31
1.0e8 386
20
8.0e7- =
6.0e7+ 22
20
4.0e7 11
1.14 |
2.0e7-
»
0.0
1.0 20 3.0 40 50 6.0
\ , v = ‘

Y/
1: Full chromatogm&bf phytochemical compounds detected in Ajwa dates
hot aqueous extract by UHPLC-ESI-QTOF-MS/MS

N
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6.2.5.3 Identification of Phytochemical Compound in Ajwa Dates Methanol

extract \Y~

Figure 7.3 illustrates the full chromatograph of Ajwa dates methano %ﬁ, with
Appendix 3 presenting the list of phytochemicals detected in Ajwa dates methanol
S ;ht compound

extract. Out of the 26 compounds peaks detected in these ext%

peaks were identified, including flavonoid and its deriva?such as apigenin

derivative (peak 3), chrysoeriol hexadecyl sulfate (peak 7 ri@alactoside
(peak 17). This was followed by the identification of,phenolic and deriyatives, s\vln as
3,30-di-O-methyl ellagic acid (peak 8) and fat . Other com unc’ p&ks were

) 4 X
unknown. Y ’ \ Y}’
c\’: 4 6“{\
r_\ A

W TIC of -EPL Exp 2, from Sample 2 (Met) of AJ.wiff (Turbo Spray) Max. 5.0e8 cps]

| 17 I
5.0e8

4.5e8

4.0e8 4
| 16
3.5e84 T

3.0e8

Intensity, cps
N
N
@®©

14.00

11.20

12.31

10.76 12.02

8.92 9 70_9.97

0.0 T T T T T T T T T T T T
10 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 11.0 120

V \ L, min
N
Figu 2: Full chromatogrh'f;?of phytochemical compounds detected in Ajwa dates

E methanol extract by UHPLC-ESI-QTOF-MS/MS

134



6.2.5.4 Identification of Phytochemical Compound in Mariami Dates Hot

Aqueous Extract \q

Figure 7.4 presents the full chromatograph of Mariami date hot aqueou %, while
Appendix 4 illustrates the list of phytochemicals detected in the hot aqueous extract. A
cc

total of 31 compound peaks were detected in this extract. Within, 31 pound peaks,

18 compound peaks were identified. Furthermore, some comp (e.g., caffeic acid
derivative) with the same m/z appeared repeatedly at d@nt'or‘ times. Phenolic
acids and derivatives, such as caffeic acid derivative (peak 1'to 6, 12, 2 , ,\2?728,
g an!i ‘Iéé;)ﬂarinic

acid derivative (peak 24 was identified in this act. FIM and derivative, such

as apigenin derivative (peak 17) and orchs e!rq alseside @n this extract

nt
although other compounds peaks Weremwn. O
\ _\
A
=7 S
<2 d Qo

30, and 31), ellagic acid hexoside (peak 8), ros acid (peak 1
4

[ W TIC of -EPL: Exp 2, from Sample 3 (Hot) of Mar.wiff (Turbo Spray) Max. 2.2¢8 cps|
543
2.2e8 3.70 ’ 27
17 I
| P
2068
3| s I I 26 I
1.8e81 24 I
. 22 | 23 | I
1.6e84 11 I 9.70 31
2091

1.4e84
& 128
S 10es
= 12.07

4.69 6.17 7.06

6.57

-
q‘%gure 6.13: Full chromatogram of phytochemical compounds detected in Mariami
dates hot aqueous extract by UHPLC-ESI-QTOF-MS/MS
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6.2.5.5 Identification of Phytochemical Compound in Mariami Dates Cold

Aqueous Extract \q

Figure 7.5 presents the full chromatograph of Mariami dates cold aﬂ%xtract,

while Appendix 5 demonstrates the list of phytochemicals detected in Mariami dates
cold aqueous extract. Out of the eight compound peaks detect% is extract, five

compound peaks were identified, which included phenolic rivatives, such as

were unknown.

W TIC of -EPI: Exp 2, from Sample 2 (Cold) of Mar.wiff (Turbo Spray) Max. 7.7¢8 cps|
7.7¢8 | 3 I
7.5¢8
7.0e8
6.5¢8
6.0e8
5.5¢8
5.0e8
4.5¢8
“
s
2 4.0e8]
£
£ 35089
3.0e8
2.5¢81
2.0e8
o
4.76 11.89
10e8] O 141 11.56-
14.40
5.0¢7) £2.79 7.63 ﬂ
0.0
1.0 20 3.0 40 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 140 15.0
Time, min

\i' l /N
Figu 43 Full c{r ofra hytochemical compounds detected in Mariami

dates cold aqueo ract by UHPLC-ESI-QTOF-MS/MS

&
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6.2.5.6 Identification of Phytochemical Compound in Mariami Dates Methanol

Extract \T

Figure 7.6 presents the full chromatograph of Mariami dates methanol %, while
Appendix 6 illustrates the list of phytochemicals detected in Mariami dates methanol
extract. Out of the 39 compound peaks detected in this extract, 15 omm peaks were
identified, including phenolic acids and derivatives, such as?ﬂ?ic acid derivative

(peak 1, 4, 33, and 37), caffeic acid (peak 16), punicalagin (peak'9), clros rinic acid

(peak 26). This was followed by the identification of flavonoid and deri es, th as
| &
apigenin derivative (peak 19) and luteolin (pe . Other compound pféhks were

unknown. Y : \ Y\.’
£ _ ‘kgz A
B TIC of -EPI: Exp 2, from Sample 1 (Methanol) of Mar.wiff (Turbo Spray) Max. 2.5¢8 cps|
L]
248
22¢8
7.69
2.0e8
1.8e8 | 9 I
1.6¢8
P 1.4e8
& 4.48 18
Z  1.2¢8
z 651
= 34
1.0e8 1 3
2.09
~12.19 13.8014 31
8.0e7 A
6.0e7 | 16 | 15 | 23 E o 13.35
e _8.54 969 I
12.63
4.0e7 101
5
“
2.0e7 3.16<
»
0.0
10 20 30 40 50 6.0 70 80 9.0 10.0 110 120 130 140 150
Time, min

v N‘
$.15: Full chromatog?;?n of phytochemical compounds detected in Mariami

E]K dates methanol extract UHPLC-ESI-QTOF-MS/MS
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6.2.5.7 Identification of Phytochemical Compound in Medjool Dates Hot

Aqueous Extract \q

Figure 7.7 presents the full chromatograph of Medjool date hot aqueouﬁ%, while

Appendix 7 illustrates the list of phytochemicals detected in the aqueous extract. Out
of the 38 compound peaks detected in this extract, 22 compoundpeaks Were identified.

Several compounds, such as caffeic acid derivative and caffeO}wﬂ'b acid isomer were
repeatedly detected at different retention times. Phenolic%d erlvativ s, such as
caffeic acid derivative (peak 1 to 6, 11, 23, 29, and 3 1)), ellagic aci :e\éde{wive
(peak 12), punicalagin (peak 14), rosmarinic acid 18), caf;ﬁi! aciasomer
(peak 21), apigenin derivative (peak 28), apigerw Tpe‘;& ), We@‘fmiﬁed in
this extract. Flavonoid and derivatives, S%NO 13&£0rganic acids

were also detected in this extract. Oth%ou d peaks@were ut@own.

S5

B TIC of -EPI: Exp 2, from Sample 3 (Hot) of Med.wiff (Turbo Spray) Max. 2.0¢8 cps

Intensity, cps

11.09

14.58

~11.21
9.70

12.47

1084~ 12.11 12.96

\re 6.16: Full chromatogram of phytochemical detected in Medjool dates hot
aqueous extract by UHPLC-ESI-QTOF-MS/MS.
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6.2.5.8 Identification of Phytochemical Compound in Medjool Dates Cold

Aqueous Extract \q

Figure 7.8 presents the full chromatograph of Medjool dates cold a %xtract,
while Appendix 8 illustrates the list of phytochemicals detected in thﬁ aSueo s extract.
Out of 26 compound peaks detected in this extract, 20 compound%ks ere identified,

with caffeic acid derivative and punicalagin repeatedly appear different retention
ti@?l, 3,5, 6,
, punicalagi (ptakﬁ-and
N
8), ellagic acid hexoside (peak 7), and fatty acids identified in s extrast.” Other
’ b 4§
compound peaks were unknown. Y- \ Y\.’

O
e =N\%?)A

time. Phenolic acids and derivatives, including caffeic aci

o

10,13, 14, 18, 21, 22, 23, 24, 25, and 26), caffeic acidy(peak

W TIC of -EPI: Exp 2, from Sample 2 (Cold) of Med.wiff (Turbo Spray) Max. 5.1e8 cps|
9
5.0e8
4.5e8
[:]
4.0e8
] []
3.5e8
(]

6.0 7.0 8.0

Time, min

9.0 10.0 11.0 . K A 15.0

o)
re 6.17: Full chromatogram of phytochemical detected in Medjool dates cold
aqueous extract by UHPLC-ESI-QTOF-MS/MS
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6.2.5.9 Identification of Phytochemical Compound in Medjool Dates Methanol

extract \Yv

Figure 7.9 illustrates the full chromatograph of Medjool dates methanol %, while
Appendix 9 presents the list of phytochemicals detected the methanol extract. Out of

19 compound peaks detected in this extract, 12 compound peaks,were identified, with

caffeic acid derivative repeatedly appearing at different retenmvw. Phenolic acids

O

[ B TIC of -EPI: Exp 2, from Sample 1 (Methanol) of Med.wiff (Turbo Spray) Max. 8.1e8 cps

]
8.0e8 4

7.5e8

7.0e8 1
6.5¢8
6.0e8
5.5e8 E
5.0e8
4.5e81

4.0e8 §

Intensity, cps

3.5e8 4

| 13 I
3.0e8 8

258
2.0e8 1 2 b1
1.5¢81 771

1.0e8 4

1219 55,
_12.
5.0¢7)| 2.55

SN NV e | A

40 50 60 70 810 90 100 110 12.0 130 140 150

10 200 30
4 e X

Q’e 6.18: Full chromm\é?ém of phytochemical detected in Medjool dates
\ tr

methanol extract by UHPLC-ESI-QTOF-MS/MS.
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6.2.6 Classification of Phytochemical Compound in Dates Fruits

In summary, a total of 28 compounds in Ajwa dates, 16 compounds in Mar@,
and 14 compounds in Medjool dates were detected. These compo@e then
classified into several groups, namely phenolic compound, flavonoid, fatty acid, organic
acid, and terpenoids. The data are summarised in Table 7.1. Y~

6.2.6.1 Organic acids i

Gluconic acid was detected in Ajwa and Mariami dates, While nM @ci%_and

N
tartaric acid were detected in Ajwa dates. While oXybenzoic agi d‘rh@/e and

quinic acid were identified in Mariami dates, M?“‘d w% in I\Q'Sd ool dates.
6.2.6.2 Phenolic acids and derivatiK%V W é E

AN
e%puni@vgre écted in Ajwa, Medjool,
6 =

-methyl ellag &id@' punicalagin isomer were

ollote byt det_@on of 3,30-di-O-methy] ellagic

Caffeic acid, caffeic acid derivati

and Mariami dates, while 3,30-

identified in Ajwa dates. Th

i

r}li aerd, and rosmarinic acid derivative

in Mariami dates,'&Wg thelide ification ofi¢affeoylquinic acid isomer, ellagic acid

hexoside deriv and rosmasinie acid i@edjool dates.

S

¢
6.2.6.3 d derivatiyves ?&
@ d V')?' ¥
Fla were mostly de@d in Ajwa dates, while apigenin derivative was
identified in Ajwa, Mariami, and Medjool dates. Chrysoeriol hexadecyl sulfate,
0 uercitrin acetate, hexosyl luteolin sulfate, and myricetin-3-galactoside were
detected in Ajwa dates. Catechin was identified in Mariami dates, while apigenin isomer

and diosmetin were identified in Medjool dates.
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6.2.6.4 Terpenoids

Terpenoids were only identified in Ajwa dates dihydroxyl di@ 19-

[(Dglucopyranosyl)oxy] -19-oxo0-ent-labda-8(17),13-dien-16,15-olide ive, while

oleanolic acid was identified in Ajwa dates. q
6.2.6.5 Fatty acids Y'

Six fatty acids were detected in Ajwa dates, name 5,16 iw 97,127-

eca@sic acid.
ile M@ dates only
&

Other compounds, such a

lignin) and thiamine \1%
no lignin and Vitzme

/
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Table 6.9: Classification of the phytochemical compound in Ajwa, Mariami, and

Medjool dates
A\ w
Compounds Ajwa dates Mariami dates Medjeol dates
Phenolic acids Caffeic acid Caffeic acid Caffe id
and derivatives  Caffeic acid derivative Caffeic acid affei¢ acid
derivative &ivative
Punicalagin Punicalagin Punicalagin
3,30-di-O-methyl 3,30-di-O-methyl eoylquinic acid
ellagic acid ellagic acid isomer
Punicalagin isomer Ellagic acid V Ellagic acid
hexoside derivat hexoside derivative
- Rosmarini¢agcid t{osmarinic acid
- Rosmarini
deri

Apigenin derivative Apigeni i
Flavonoid i
derivatives
4
N

Chrysoeriol hexadecyl Cat \ ﬁenin isomer

sulfate, N %i

Isoquercetrin ace&%
a

Hexosyl luteolin sul

Organic acids Gluconi Malic acid
Penylvalerichaci drox oic Syringic acid
a\ cid derivative
Ta : Quid aci i
c’) bj 5
- B o ,'C&eoyl glucose -
\ erivatives
Sinapic acid -
‘& hexoside
Fatty acids \ cano (" Linoleic acid Decanoic acid
% i C') derivative

15,16-dihydro - -
9Z.1 z-.é\
oct ecaﬁieno?—acid

N2 | |
Dihydrox nyl)-7-
\ hydroxy-5-
benzenepropanoic acid
Sphingolipid conjugate - -
I
Stearic acid - -
Trihydroxy-9, 14- - -
octadecadienoic acid

143



Terpenoids Dihydroxyl dimethyl
19[(Dglucopyranosyl)o
xy]-19-oxo-ent-labda-
8(17),13-dien-16,15-
olide derivative
Oleanolic acid

Others Hydroxypinoresinol
hexoside
Unknown lignan
Thiamine
monophosphate

Acyl Sucrose

\$

R

S
e

6.2.7

6.2.7.1 Total Phenolic Content (TPC)

The TPC was determined fron&
standard, while the values were expressed

dry weight (mg GAE/100g DW). ;IPG of all

qQ—
&
Asjé

jwa d

Aj
(0]

Table 7.11 and Figure 7.4.

As for the coldeueo% extract
+ 7.20 mg GAE/I% c mpgre
GAE/100 gDW. &a ue \v@ com
mg GAE/lOO@%U O
of Maria %ﬂd
QJ At
the case of hot aqueo
(.)

p==

'

Quantification of Phytochemical Com

S

?te

gl

ound Using Calori rcz!z'fi’
p j'.\&
v/

é\‘?

ratign curye using Gallic acid

1ligraci emLivalence per 100 g of

7

ate fr@extraots is presented in

tained higher TPC with 379.84

ol dates, with 297.98 + 6.71 mg

red to Mariami dates with 277.48 +22.80

Oﬂ%lyr'e v&g no significant difference between the TPC
jool date

tract, Ajwa dates contained higher TPC of 379.84

:Mng GAE/100 g DW com\pared to Medjool with 1053.47 +£22.10 mg GAE/100 g
(p

< 0.05). Meanwhile, Mariami dates contained higher TPC with 1446.11 £ 22.11

Og GAE/100 g DW compared to Medjool dates (p < 0.05). Although Ajwa and Mariami
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comprised higher TPC compared to Medjool, there was no significant difference
between the TPC of each date variety.

As for the methanol extracts, Medjool dates contained signiﬁcantl@TPC
with 1464.85 + 18.33 mg GAE/100 g DW compared to Ajwa dates (7* 1.06 mg
GAE/100 g DW) and Mariami dates (505.51 = 19.93 GAE/100 g D?(.p < 0.0001).
However, no significant difference was present between thﬁy Ajwa date and

Mariami dates.

N
1.0
Table 6.10: Total phenolic content (TPC) of all variefies'extpacts. l‘?cvalues
are expressed as mean + Standard Deviatl E/100 g - G%(Ihyacid

equivalence / 100 dry é‘NC

AEA240ml samples)

~—

TotaK
Extraction type / date

e 0 am{ Mariami dates
Date fruits variety
Cold aqueous 379'84 (£7. 2@); y 98 &E,‘n) 277.48 (+22.80)

Hot aqueous : 1(:|:19 053 @ézz 10) 1446.11 (£22.11)

Methanol c i 715.72 'il 0 @5 (+18.33)  505.51 (+19.93)
N %
S 0y §

(a)
&
N
S
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Total Phenolic content

2000+
® *
@ I Ajwah dates 1
=}
£ [ Medjool dates
& 1500+ [ Mariami dates I —E
E
R
[
H .
2 1000+
°
o
=}
=
-~
w . *
< 500 1
O
o |—x—|
- .
G T | I
Cold aqueous extract Hot aqueous extract Methanol extract

Figure 6.19: Total phenolic content (TPC) o S Vari&ieédact@‘terisk*
represents significant value (*p < 0.05\betwe \tﬁ'NE eren dztes

>
&Y
6.2.8 Total Tannin Content ( A\ T @

.
The TTC was determi& m the dard cali Qc;n curve using gallic acid
N o
standard (0.01 - 0.2 m, mLWLTC the xl a@s expressed as mg Gallic acid
equivalence/100g dry wei (mg{ @CD}&() The TTC all date extracts are
illustrated in Tab, Mnd ‘gure 5. <$

NS
In thec%f cold aqu s"dxtr@g/Ajwa dates contained higher TTC with 68

+9.5GA ompared t dj d Mariami, although there was no significant
’ é '
differenc cen the PTCSof @ﬁte varieties.

\§for hot aqueous extrég, Medjool dates contained higher TTC with 197.13 +

[¢]

g GAE/100 g DW compared to Ajwa and Mariami dates, while no significant

oference was found between the TTCs of all date varieties.
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For methanol extract, Medjool dates contained higher TTC with 214.07 £+ 2.56

mg GAE/100 g DW compared to Ajwa dates (p = 0.219), although no 1gw

difference was recorded between the TTCs of Ajwa and Mariami date, ific

TTCs of Medjool and Mariami dates.

Table 6.11: Total Tannin Content (TTC) of all date varieties e

-

g the

K\
Yv

. Values are

expressed as mean + Standard Deviation. GAE/100 g D es galllc acid
equivalence/100 g of dry weig

Total Tannin Conten GAE/ 2 ples)
Extraction type / Date Ajwa dates 1 dates rlrml
fruits variety
Cold aqueous 68 (£9.5) o ( 2) 64. 6‘1\I:|:2 13)
\
Hot aqueous 164.36 (ilN 7. 19\@:7. ) @59 (+7.41)
Methanol 11.81 ( 5” , 214.0 '56) 656.79 (£6.88)
-\
Total Tannin Content
250~ .
@ B Ajwah dates —
‘_El [ Medjool dates 1
o 2007 E Mariami dates
£
K] T
2 150- -t
oy
©
S 1004
e
;t; 50+ T I
£ ‘ \
0 =

Cold aqueous extract

N

Hot aqueous extract

1
Methanol extract

re 6 20: Total Tannin Content (TPC) of all date extracts. Asterisk represents
significant value (*p < 0.05) between the different dates.
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6.2.9 Total Flavonoid Content (TFC)

The TFC was measured using the aluminium chloride colorimetric assR and

expressed as mg rutin equivalence per 100 g of dry weights (mg RE/10 !; \ The

TFC of all date extracts is presented in Table 7.13 and Figure 7.6.

In the case of cold aqueous extract, Ajwa dates contained zher TFC with

77.43 £ 1.28 RE/100 g DW compared to Medjool dates with 0 49 mg RE/100
g DW (p =0.0211). Ajwa dates also contained higher TF red to Mariami dates
with 73.45 + 0.07 mg RE/100 g DW, although there no signi d1ff ence

between the TTCs of Ajwa and Medjool dates @g the TT f i/leﬂ%%l and

Mariami dates. Y' Y*

In the case of hot aqueous extract, @ dates ed sighificantly higher
TFC with 455.14 +1.62 mg RE/100 g ared to Medjool_dates with 145.47 +

&-)[ﬂb\v

=]

1.62 mg RE/100 g DW (p < 0.

J“

compared to Medjool dates

TTCs of Ajwa and Medjoo 1nclr TT(@ﬁ Ajwa and Mariami dates.
As for methano% ate (}1 in 51gn1ﬁcantly higher TFC with

216.93 +4.30 RE/ QWQ toMéﬁl dates 106.13 + 6.42 mg RE/100 g
DW (p <0.0 %1 rl gs co@ned higher TFC compared to Medjool
dates, alth e W ig

(&S

fl{a@lfference between Mariami and Medjool
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Table 6.12: Total flavonoid content (TFC) of all date varieties extracts. Values are
expressed as mean + standard deviation. RE/100 g DW denotes rutin

equivalence/100g of dry weight v '
Total Tannin Content (mg RE/ 240ml X
Extraction type / Ajwa date Medjool date riami date
Date fruits variety

Cold aqueous extract ~ 77.43 (£1.28) 65.27 (£0.49) 5(x£0.07)

Hot aqueous extract  207.41 (£3.71) 145.47 (£1. 6N455 14(x1.62)

Methanol extract 216.93 (+4.30) 1 175}&.; 106.13(+6.42)

Total Flavanoid Content
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Figure 6.21: Total Flavon. onfént (TF@.bf all date extracts. Asterisk represents

ican Vglue *p < 0 etween the different dates.
% s
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6.3 Conclusion

Ajwa, Medjool, and Mariami date extracts showed antibacterial and an@n
activities against all tested bacteria, while the hot aqueous extracts of Aj S were
recorded with higher inhibition zone compare to Medjool and Mariami dates. Ajwa
dates also showed significantly higher anti-adhesion activity code.to Medjool

against all tested bacteria and Mariami date extracts against 5 ed bacteria.

Ajwa date extracts contained the highest phytoc colltent, which 78

jool aMgch@_ical

N
analysis of date fruits extracts identified the V@f phytoch ca‘s,_\'q"auding

S
o . o .. b G
phenolic acid, flavonoids, organic acids, fattyv.v and\% s. Phytochemical

quantification recorded that Medjool ltWOus ontaP&nighest TPC,

compound peaks detected compared to Mariami and
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