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CHAPTER 7 :ANTIMICROBIAL ACTIVITY OF IS gﬁn
ACTIVE COMPOUNDS AND THE EFFECTS ON BACTERIAL
MORPHOLOGICAL CHANGES VIA ELECTRON MRROSCOPY

7.1 Introduction .'\d
[ ]

Based on the initial screening in this study, date,extracts comp e,i si&!ﬁ)&;ant

antibacterial and anti-adhesion activity against all te bactgri , as eriﬁetkthrough a
Y

series of data presented in the previous chap% as su

Ajwa date hot aqueous extracts posses d%ghest
x

adhesion effects. Therefore, Ajwa date hot aque \5~e§t t

theantib ctqial @ty. The reverse phase,
Iw chr‘@faﬁlography (RP-HPLC), was

rud xprz@,%T he research finding presented

fror%hgﬁndings that

for ﬁacterial and anti-

sit;lected to elucidate the

active compounds that responsible
specifically preparative high-
employed for the fractionation of the

evidence for the contributiofi of s actl mpounds towards its antimicrobial

effect. Furtherm(j&'\is essential unco@e fundamental basis of the inhibitory
NN ) 1 O . .
mechanism, I% activé ¢ gundqujwa dates responsible for the antibacterial

activity. Q’ p é\\

ﬁdi nally, the evaluati the mechanisms involved in the Ajwa date extract

N
:Mated active compounds to inhibit or kill the selected tested bacteria is important.
m

A\

ethod used in this study was electron microscopy (EM), which is one of the
chniques suitable to show definite details of bacteria morphology in a natural

environment. This method consisted of two steps, namely scanning electron microscopy

151



(SEM) and transmission electron microscopy (TEM). Notably, SEM is useful for

viewing three-dimensional (3D) image of the specimen, while TEM allc?ﬂ

observation of the internal structure of the cells as the specimens are cut 0 sll
before being viewed using TEM. *
This chapter aims to isolate the bioactive phytochemical from a date extract

that responsible for the antibacterial activity and to examine t;uewwterlal mode of
action of Ajwa date extracts and isolated active compound b rv1rlg the changes to

the cell morphology and membranes through scanning e EM) and

transmission electron microscopy (TEM). é ' _\"}

7.2 Methodology Y\."
7.2.1 Antibacterial activity W
As for the good diffusion as each dr1 gd %fractlon was prepared

by dissolving the samples wit t broth at onc@mn of 200 mg/ml. All

fractions were filtered using aMe 0. bra@ﬁlter before use. All samples
M lgb%h active fraction of MIC was

were subjected to me odolx 3. 6 e hi
h ‘<fw
prepared by dissolvi g it 1t broth at,two-fold dilution, which formed a

\

concentration fr 5
r 96-wel Wte tcaplate is illustrated in Figure 8.1. After
1ncubat re en (r r1n) was added to all well (15uL per well), and

furtherScu ated for two to hours to observe the colour change. Upon the

\
on of incubation, the well with no colour change (blue resazurin remain
a

nged) was scored as MIC value (Elshikh et al., 2016). Moreover, MBC was

Qetermined using methodology 3.6.3. For bacteria adhesion assay, all fractions were
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prepared based on bacteria dilution below their MIC values. In this case, all active

fractions were subjected to methodology 3.7.3. Y’

_|egeaseaceacp
cE)E) S
)

000D OO0,

D

Sample B —

100-1.563: Concentration (mg/ml) NC: Negative Control :\z

PC : positive Control (Antibiotic)

I —t
Figure 7.1: Minimum Inhibitory Concentrati ) la@"@.lwe@ates for
active fractions. g X
7.2.2 Electron Microscopy \? é
) & N
The samples for SEM\a were prepared. I@Wa hot aqueous extract,

die ot extract concentration of 500 mg/m,

all bacteria were treated W'%
while the V. cholerae i d flavo
b o &
bly, @W cholerae was selected in this study

6ata concentratic;@% mgr

due to the dea% cterici 'V. c{%’ae after the treatment with all active
( ¢

fractions. The samples \fre ﬁ{edQ‘j‘t% 2.5% glutaraldehyde. The detailed process

NS
for SEM i cribed Podo@ 3.9.1, while the detailed process for TEM is

descA&n methodology 3.9@’

©
2.
o
e}
-
Z/

as treated with fractions 4, 5, and
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7.3 Results

7.3.1 Isolation of Active Compound from Ajwa Dates Extract Using P{

HPLC %

Isolation was performed using Ajwa date hot aqueous.&cts. The
chromatograms of the extracts (see Figure 8.2) demonstrated sevetal major peaks
within 15 minutes of the separation. Upon HPLC separation, ti ction began from
zero to 67.3275 minutes, while a total of 45 fractions lected. The data for
fraction collection is illustrated in Figure 8.3. Each pe as colle 11d %gled

together manually according to the retention ti each coll d"ra_s\l was

Y'

NV
X
_Q{\

freeze-dried before the antimicrobial activity w d.

-~

MWD1 A, Sig=205,16 Ref=360,100 (FARHANA_USIM\FARHANA USIM 2017-11-23 11-57-00\002-0101.D)

LD R RS
AEICILN NN
BTN A N 3 3

A AT A 240021042

T T T T T T

> L .‘Pb-‘; O (N D
D Lo L Lo L B A A A L L L L A A A LD LD LB
NORO [0 [P @ K A R R R NN A A S
NN NN z NTARTT AT AT AT AT AT AT AT AT e
, — T , — T , — T T T T T T T T T T
40 50 60 mid

for isolation.

Fig % repa;atlwé matograms as monitored by UV absorption at
206 n& and320nm. The L1nes e chromatograph represent the fraction collected
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Fraction Information

Fraction collection using a timetable » T
Frac Well Location Volume BeginTime EndTime Reason Mggs -
# # [ull] [min] [min] - _

————— R e e B B S i I
1 1 1-vial 1 4495.63 0.0015 1.5000 Time
2 1 1-vial 2 4464.37 1.5119 3.0000 Time )
3 1 1-Vial 3 4470.63 3.0098 4.5000 Time
4 1 1-vial 4 4470.63 4.5098 6.0000 Time -
5 1 1-vial 5 4469.38 6.0104 7.5003 Time -
6 1 1-vial 6 4433.12 7.5223 9.0000 Time
7 1 1-vial 7 4470.63 9.0098 10.5000 Time
8 1 1-Vial 8 4469.38 10.5102 12.0000 Time
9 1 1-vial 9 4470.63 12.0098 13.5000 Time. -
10 1 1-vial 10  4467.50  13.5111  15.0002 Time -
11 1 1-vial 11 4424.37 15.0252 16.5000 Time -
12 1 1-vial 12 4470.63 16.5098 18.0000 Time -
13 1 1-vial 13 4470.63 18.0098  19.5000 Time - T
14 1 1-Vial 14 4470.63 19.5098 21.0000 Time -
15 1 1-vial 15 4471.25 21.0098  22.5002 Time T

v s J . X

16 1 1-vial 101  4433.12  22.5223  24.0000 Time
17 1 1-vial 102 4470.63  24.0098  25.5000 Time ""
18 1 1-vial 103  4470.63  25.5098  27.0000 Time =
19 1 1-vial 104  4470.63  27.0098  28.5000 Time
20 1 1-vial 105  4471.25  28.5098 30.0003 Time
21 1 1-vial 106  4441.25  30.0196  31.5000 Time
22 1 1-Vial 107 4470.63 31.5098  33.0000 Time
23 1 1-vVial 108 4469.38 33.0103  34.5000 Time
24 1 1-vial 109  4470.63  34.5098  36.0000 Time
25 1 1-vial 110 4467.50  36.0111  37.5003 Time
26 1 1-vial 111 4433.75 37.5223  39.0003 Time
27 1 1-vial 112  4353.13 39.0490 ~ 40.5000 Time
28 1 1-vial 113  4470.63  40.5098 4270000 Time
29 1 1-vial 114 4470.63  42.0098 43.5000 Time
30 1 1-Vial 115  4471.25  43.5098  45.0002 Time
31 1 1-vial 201 4438.75  45.0205  46.5000 Time
32 1 1-vial 202  4470.63 _ 46.5098  48.0000 Time
33 1 1-Vial 203  4470.63  48.0098  49.5000 Time
34 1 1-Vial 204  4470.63 49.5098 51.0000 Time
35 1 I-vial 205  4471.25  51.0098  52.5002 Time
36 1 T 1-vial 206  4443.75 52.5188 54.0000 Time
37 1 1-vial 207  4470.63  54.0098  55.5000 Time
38 17 1-vial 208 447063 55.5098 57.0000 Time
39 1 I-vial 209  4470.63  57.0098 58.5000 Time
40 1 1-vial 210  4471.25  58.5098 60.0002 Time
417 "1 7 1-vial 2117 4430.63 60.0232 61.5000 Time
42 17 1-vial 212  4470.63  61.5098  63.0000 Time

(4371 1-vial 213 ‘453'0'.63 63.0098 64.5000 Time
44 1 1-vial 214  4469.38 64.5102 66.0000 Time
45 1 1-vial 215  3953.13 66.0098 67.3275 Time

re 7.3: Fraction information of all collected 45 fractions collected, including the

information of the start/end time of each collection and the total volume collected.
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7.3.2 Antibacterial Activity of Isolated Fraction of Ajwa Dates \Q

Antibacterial activity of isolated Ajwa dates fractions was screes sing well
diffusion assay. Each fraction was tested for antibacterial activity against Vibrio

cholerae, S. flexneri and S. Typhimurium at the concentration of 2000 mg/ml. These

organisms were selected due to the highest sensitivity o th?ueria to Ajwa date
e. ft@eening of
ial activi as dweted

only from fraction 4, 5, and 6 (see Table 8.1): aforementio fr

extract and limited quantity/volume of the isolated subs

each fraction collected on the selected organism, antimicr

4
recorded with antibacterial activity with S. flex#neri, M\ the @4 sensitive

organism with an inhibition zone ranging tcwm - 2(9’\67

mm for V. cholerae and 13 - 17.33 mnm Typhimuri

activity against the selected, testeg%ia X%e fr

, fol dby 12-20.33
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Table 7.1: The diameter of the inhibition zone (mean + standard deviation) of isolated
fraction against tested bacteria using well diffusion assay method. Inhibition zone
comprised 7 mm well hole, with N.I. - No inhibition. All fractions were teste

concentration of 200 mg/ml. z
Inhibition zone (mm) 4

Bacteria S. Typhimurium S. flexneri V. We
Fraction 1 N.L N.L

Fraction 2 N.L N.L %.I.
Fraction 3 N.IL N.IL L
Fraction 4 17.33(£0.58) 29.67(+0.58) .33(£0.58)
Fraction 5 13.00 (+0.00) 12.K0(i0.00)
Fraction 6 13.50(£0.58) .33(£0,58)
Fraction 7 N.IL

Fraction 8 N.IL

Fraction 9 N.IL A
Fraction 10 N.IL N.I.Y'
Fraction 11 N.L ]@'
Fraction 12 N.L %.I.
Fraction 13 N.IL %N (‘ L
Fraction 14 NI \ O NI
Fraction 15 N. N.IL
Fraction 16 ]% N.L

Fraction 1

Fraction 17 . N.IL
Fraction 18 \I : N.IL
Fraction 19 W.I. , 1. N.IL
Fraction 20 % N.IL bj 1

Fraction 21 NsJ{

N.L

Fraction 22 \ l N.I N.L
Fraction & N. N.L
Fractions2 § LI C‘) N.L
Fracti % N.{. (/ N.L
Fra JaNS N.IL
F%;7 ' 4 "D'/ f N.‘I'é\ N.I.

c 28 @. N.L
&tion 29 \LN.I. N.L
\(action 30 N.L N.L
raction 31 N.IL N.IL
Fraction 32 N.L N.IL
Fraction 33 N.IL N.IL
Fraction 34 N.L N.IL
Fraction 35 N.IL N.IL
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Fraction 36 N.I. N.I. N.I.

Fraction 37 N.IL N.IL N.IL

Fraction 38 NI NI NI Y’
Fraction 39 N.IL N.IL N. \
Fraction 40 N.L N.L Ko
Fraction 41 N.L N.L &
Fraction 42 N.L N.L .

Fraction 43 N.IL N.IL %

Fraction 44 N.L N.L \/ L

Fraction 45 N.L N.IL Ty NI

7.3.3 Minimum Inhibitory Concentration (MIC) and Mini M&ci

Concentration (MBC) é ' _\Q}
The MIC of active fractions is presented?&:le 8@& h th&§I~C values

for all fractions range from 3.125 mg/ml g/mP.‘Nota ly, Vaeholerae was the
; 3.1

most sensitive bacteria to the MIC v 25 m for{al) the tested active

fractions, while fraction 6 had t e%it sensit'\ia' @ Typhimurium and S.
0

K\

6 against S. flexneri and S. apurium amounted at+6;25 mg/ml.
[ Q _ .
As seen from T , the C yal ez(/ fractions 4, 5, and 6 against V.

cholerae amountjg 125 mF/m ~However MBC value for fraction 4, 5, and 6

flexneri with the MIC value 0\ mg/ml, The al or fraction 5 and fraction

ri cg?;\nwot be determined.

@,

cotreentration (MIC) for active fractions. The MIC

against S, T yphhq’u and S!

% i

Table %mu? hibito
alues afe ginn, in mg/ml of three replicates.

\A \('nyinimum inhibitory concentration (MIC)

(mg/ml)

Fraction 4 3.125 6.25 6.25
Fraction 5 3.125 6.25 6.25
Fraction 6 3.125 12.5 12.5

0‘; Vibrio cholerae S. Typhimurium S. flexneri
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Table 7.3: Minimum bactericidal concentration (MBC) for active fractions. The MBC
values are presented in mg/ml of three replicates.

A w
Minimum bactericidal concentration (MBC) \‘

(mg/ml) N
Vibrio cholerae S. Typhimurium S. ﬂ&v
Fraction 4 3.125 ND. D.
Fraction 5 3.125 ND. \j‘?@.
Fraction 6 3.125 ND. ND.
N.D. - Not determined. T '

N,
:ﬁv
4 b8
¥
NN
-, 9 S
The anti-adhesion activi‘tgaveni ?;c@as determined using

bacterial adhesion assay, whi nstrated the inhibitien of bacterial adhesion from

all fractions. ‘é\
e
The bacterial ability of V. choler efFigure 8.4 and Table 8.4) to adhere to

caco-2 cells amo M 83'52%, 3.12%;%nd 73.85% after the treatment with
NG
fractions 4, 5, Mres ctive pl:ci&%.ﬂy, fraction 5 showed a significantly lower
4

percentag rial hesr)n oﬁéd to control (non-treated cells) (p = 0.0171).
@le, the: bakterial ab@y of S. Typhimurium (see Figure 8.4 and Table
N
0 ere to caco-2 cells h‘;?)unted to 75%, 53%, and 58.45% after the treatment

8.\
%action 4, 5, and 6, respectively. All fractions demonstrated a significantly lower

OCentage of bacterial adhesion compared to control (non-treated cells) (p < 0.05).

7.4 Bacterial adhesion assay
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Furthermore, the bacterial ability of S. flexneri (see Figure 8.4 and Table 8.6) to
adhere to caco-2 cells amounted to 88.85%, 79.22%, and 73.06% after the tr?lt

with fractions 4, 5, and 6, respectively. Specifically, fraction 6 was rec@ith a

significantly lower percentage of bacterial adhesion compared to con n-treated

cells) (p = 0.0205). Y'

Table 7.4: Relative percentage of V. cholerae adhesion to -z cellgnonolayer after
the treatment with an isolated active fraction. The preserite
percentage = SD of three samp

| ”
Relative percentage of bacteria sion (%’ [ “}‘
| -\
Fraction 4 (1.563mg/ml) 83.52 (6.11) ‘2}

Fraction 5 (1.563mg/ml)

Fraction 6 (1.563mg/ml) V:

=\
Table 7.5: Relative percentage o Wz’mu : i n.@caco& cell monolayer
after treatment with an isolated detive fréction.below values. The data are
presented as th perc e #SD ofdhree samples.

s, AN
Relati nta%: of ‘@c ria ‘@esion (%)
Fraction4(l§)ﬁ I O 75.00 (:2.50)
FractionS{n m \"b" "év 53.00 (£10.15)
Fractim Q% 58.45 (+:5.80)
S
3

Table 7 %Y ve petcentage’of Shylexneri adhesion to caco-2 cell monolayer after
the% nt wi olated.active fraction below MIC values. The data are

|

presented as the percentage + SD of three samples.

Relative ;a‘centage of bacteria adhesion (%)
ion 4 (12.5mg/ml) 88.85 (£5.55)
Géction 5 (12.5mg/ml) 79.22 (+9.60)
raction 6 (25mg/ml) 73.06 (+0.84)
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7.5 Identification of active compound using UHPLC-ESI-QTOF-MS/MS

After screening the antibacterial activity of isolated fraction on he?tgd
organisms, the active fractions were identified using UHPLC-ESI- /MS
system with Sciex 3200QTRAP hybrid mass spectrometer, which WAD]Gd with
Perkin Elmer FX-15 UHPLC. Fraction 4 (see Figure 8.5 and Table 8.7) consisted of
flavonoid fractions, that including Catechin 7,4’-dimet er, Hexa-acetyl-
pyracanthoside, and Luteolin 7, 3°,4’-trigluconide. Althou 1on fl(see Figure 8.6
and Table 8.8) consisted of few compounds, the most pro nt eannti d as

N
Kaempferol 3-(2",3"-diacetyl-4"-p-coumarylrha@ whi G _ﬁta’%noid
compound. Moreover, fraction 6 (see FigureYﬁnd '&Q corlv'st;(.l of few
compounds, with the most prominent %wntiﬁga as yaniéiﬁrutinoside_s_

noid@d their derivatives

glucoside, which was a Flavone Gluc% erefore, fl

had a role in the antimicrobial an hesio 1ties féwva dates.
0 4 {9
N Aj RN

B TIC of +EPL: Exp 2, from Sample 8 (S4 pos) of Nurul USIM Ne Turbo Spray) Max. 2.0e8 cps
7

2.0e8

1.9¢8+
1.8e8
1.7e8+ Full Chromatogram
1.6e8
1.5e8+
1.4e8-

1.3e8
1.2e8+
1.1e8+
1.0e8+
9.0e74

Intensity, cps

8.0e7+
7.0e7+
6.0e7+
5.0e74

1.46

4.0e7
3.0e7+
2.0e7+
1.0e7H

0.0

1.0 2.0 3.0 40 50 6.0 70 8.0 9.0 10.0 11.0 120 130 14.0 15.0

gure 7.5: Full chromatogram of phytochemical compounds detected in fraction 4
using UHPLC-ESI-QTOF-MS/MS
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Table 7.7: Phytochemical compound detection of fraction 4 using UHPLC-ESI-

QTOF- MS/MS
Peak RT ms  Ms/ms Compound Remz

1 126 355  144.04, 161.10, Unknown - L,)
209.15, 191.11, _\
265.14, 337.16,

355.14 Y'
2 225 268 146, 163.07, 150.02, Unknown

162.10,  174.08,
176.11,  178.00, Y'
198.11, 232.18, |
250.11,268.16
3 436 436 68.81,95.97,113.99, Unkn .\.d. -
209.19, 226.21,
4 479 590 571.47,589.45 é

5 5.06 703 684.74,702.62

6 5.32 816

. Lu %7,3’,4’- NCBI
t conide
? I vonoid

P . glucoside) [M-
Sny
12’

6 ﬁ9 Fatty acids NCBI

b

8 %76 Fl 2 101.99, m7,4’-dimethyl NCBI
% 712.29; 256.30, ether (flavonoid)

- 5 3&. 318.31 [M+H]*
—
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[ W TIC of +EPL: Exp 2, from Sample 9 (S5 pos) of Nurul USIM New.wiff (Turbo Spray) Max. 6.0e8 cps|
6.0e8
5.5¢8 | L4
5.0e8 Full Chromatogram
4.5¢8]
4.0e8 1
L 358
&
2 30e81
5]
E]
= 25e8]
2.0e8
1.5e8
1.0e8
5.0e7
»
00
1.0 20 30 1.0 12 30 40
T ime, min
Figure 7.6: Full chromatogram of phytochemical ¢ 5

using UHPLC-QTO

’
ounds Lftecte 1 fr

Yv

Table 7.8: Phytochemical compound de% ractien' 5 USing UQPLC -ESI-QTOF-
MS/MS \ O
r -
Peak RT m/z  Ms/ }@ d A References
1 4787 590 571 9.46  Unknown o) -
2 5.055 703 , 702. H aace%racantho NCBI and
ide .\A (flavanone (Bilia et al.,
Y" ’ lugeside) [M+H]*  1991)
% éé mass =
Su’ ¥ 021796
3 5323816 79481579 Sifeolin 7, 34 NCBI
& ig trlglucon‘lde ‘
\ P | C-)(J (flavonoid glucoside)
(0 s [M-H}*
%’ \(} Exact mass = 814.611
4% 46 & 143 51.41, Kaempferol 3-(2"3"- NCBI
: 2 3%3 327.42, diacetyl-4"-p-
\3@ 48,439.45, coumarylrhamnoside
495.32,551.42, Exact mass =
607.47, 663.52  662.1636
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W TIC of +EPI: Exp 2, from Sample 10 (S6 pos) of Nurul USI Wwiff (Turbo Spray) Max. 4.0e8 cps|
4.0e8 2
3.8¢8+ =4
3.6e8+
3.4e8-
3.2e8+
3.0e8 Full Chromatogram
2.8e8
2.6e84
2.4e8+

& 228

£ 20e8]

1:‘ 1.8¢8

T lees]
1.4e8
1.2e8
1.0e8
007 1.99 498,
6.074 467
e 268 516 573 3
2.0e7M -

0o 1.0 20 30 4.0 5.0 14.0 15.0
mmmmm

[ 2
Figure 7.7: Full chromatogram of phytochemical ¢ ounds tecte 11', Fr@' 6
by using UHPLC-QT /MS

Table 7.9: Phytochemical compound det te cti nga u UH& ESI QTOF-
MS/MS

Peak RT m/z Ms/ms Wun) -X Reference

1 1.996 425 168.1 15-tﬁgndwn"\ -
247# v,

229% 6, QL
2 A‘"
=
2 5336 7c 113.96, é:)ji},,@ms- NCBI
30, 2. 322039 ,rutinoside-5-
43. \ 5.39 &ucoside

(Flavone
Glucoside)

799, (774.96,
Q’ 2777 $
F g
933 “906™ 209.1 322.25, 4- NCBI

43 531.37, Chlorobenzoyl-
54841, 566.45, CoA

e\ 661.57,  679.75,

N

792.75, 887.81,
906.35, 1018.96,
1133.09, 1246.18
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7.5.1 Electron Microscopy \Q
7.5.1.1 Observation of Changes and Structural Damage of Bacteli%cu!ated

in Ajwa Dates Hot Aqueous Extract By SEM

All bacteria treated with Ajwa date hot aqueous extracts w: en observed by
SEM for any morphological changes in the appeara %s;q ently, physical
damages were observed in the bacterial cell wall, Whl® gieal altefation to all
tested bacteria after threated with Ajwa dates extract anwhile, no sign ‘of sé‘) ral

degeneration was observed from the bacterial in no ated gellS (c trol) oreover,

\ '\2
+8; Waﬁa to have an
%dates extract, S.

runken/flatten (arrow A),

A
N\
O

they retained their natural shape as S. aure%‘lgugﬁ
intact smooth round shapes surface. \ trea
aureus (see Figure 7.8; A-2), cells

; seve
while other cells were completel@
. ‘ A
~

=t

N
2¥7.8: SEM micrograﬁ%bservation of S. aureus for untreated (control) and
treated Ajwa date hot aqueous extract.
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Untreated S. Typhi (see Figure 7.9; B) and S. Typhimurium (see Figure W)
were found to have intact smooth rod shapes. After the treatment Witl‘% dates
extract, almost the same cell damage was recorded from both bacwhile the
deformity of the cell wall (arrow A) was currently present, formations'@f dimples at the
edge and surface of the cells (arrow B), a blister on the cell su aMr treatment, and

3.

some cell lysis (arrow C) were also identified. Cell len found to be shorter

compared to control (arrow D).

Fi W: ( ob
ntreated (control)and treated Ajwa date hot aqueous extract

3
N S
<
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Untreated E. coli (see Figure 7.10; D) was found to have intact smooth rod shapes
surface. After the treatment with Ajwa date extract E. coli (see Figure 7.1%,
surface irregularities were observed, in which the bacterial surfaces ap o be

rougher and shrinking compared to the control (arrow A) and cell lysi:*v B).

lurﬁw

. % :

Figure 7.10: SEM micrograph obser of E. colz untreQd (control) and
treated A] date ho %tr K&

N\

‘% n S
Untreated S. flexneri (see m

&
surface. After the treat Ajwa dates exnerz (see Figure 7.11; E-2),
several cells appeared ormltyfarro @ %‘-{/ omplete lysis (arrow B), followed

und nﬂlave intact smooth rod shapes

by the formatlons ebrls-llt( anceéhlch were considered cellular debris
appearing from is (arr C)
., N

Figure 7.11: SEM micrograph observation of S. flexneri for untreated (control) and
treated Ajwa date hot aqueous extract
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Untreated V. cholerae (see Figure 7.12; F) was observed with a slightly %g rod
(comma shape) with a smooth surface. After the treatment with Ajwa dgt ract V.

cholerae (see Figure 7.12; F-2), some cells were recorded with def
and complete lysis (arrow B), followed by the formations of debw substance,
which was considered the cellular debris appearing from cell lysW O).

N

arrow A)

"X10,0000 1um &8

X10,000  1gm 0000
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7.5.2 Observation of changes and structural damage of bacterial incubated in

isolated active fraction of Ajwa dates by Electron Microscopy Y
7.5.2.1 Observation Using Scanning Electron Microscopy (SEM) %

The observation of bacterial treated with active fraction WaWrmed on V.
cholerae as the S. Typhimurium and S. flexneri ere not killed aftew treatment with

the active fraction as shown previously. In this case, C alue's could not be

determined. The untreated V. cholerae (see Figure 7. ) ce sw shape of

[
slightly curve rod (comma shape) with an intact sm: urface! In co p‘lri_@vﬂ'lere
were ultra-structural changes in the cellular st of V. chalerge after t%%ent with
an active fraction (see Figure 7.13; B, C, D&e tl\\owe Ys.t of'the cells
treated with fraction 4 (see Figure 7.@[6 damag
deformity (arrow A). Besides, most%were ﬁs&y sti ach other and melted
SN

d slﬂé‘ken with cell wall

(arrow B).

7]
Bacterial cells treatqe withefracti e Fi‘$®7.13; C) were also observed
W [

to be deformed and s lustdred, a@sticking to each other (arrow B).

4 2
Meanwhile, the cellwe Wilt N\ 6 (ﬁgéure Figure 7.13; D) were recorded
ées

with surface irrggularities, i ichrswelli an the surface of the bacteria and bigger
!
¢

cell diameter% observed ( Tow 1@?216 cell surface seem to rougher, shrunken

<k. NS
(arrow % ere Was a }natio@ dimple (arrow C). Some cells were observed to
te i

be m& y lysis. N
S
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for untreated (control) and
after treated with the ac ions. A: eécontrol); B: Fraction 4; C:
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7.5.2.2 Observation Using Transmission Electron Microscopy (TEM)

The cells were observed under TEM to determine the degenerati th)f
treatment on the inside and cross-sectional of the cells. In this case, m%ae was
selected for this parameter due to good antibacterial activity on Ajw. extract and
active fraction. The treatment of the cells was performed in the ejmethod to SEM
observation. T

Figure 7.14(A) presents the V. cholerae cells agithout any tteatmenf (control),
in which all cells were intact with no sign of structu egeneration. ie

1f &Tand

organelle were completely intact with the slightly waved 01:;er me rane?w.\ﬁle the
Y

Mfter ;@ﬂ with Ajwa

S, VC) olerae cells were

A

As seen in Figure 7.14 ( Qr the%atrknt wi \Ajwa date hot aqueous
1

periplasmic was thin and had a uniformed al% e. Ho

dates hot aqueous extract and ﬂavono@

deformed completely.

of

u

extract, TEM appeared with ling a ce agi(disorganised surface of cell

\
membrane (arrow A), tllulg cytopla#nic niti@)rganelle were release in some

cells (arrow B), and plas lysisqe‘\c h@?éjetachment or shrinking of cellular

cytoplasm from Q&ll en\h@row CQQ%
\ S
After % ment Wit ?t!onQ-EE{ae Figure 7.14 (C)), plasmolysis was seen

in the T@g{s v?t detach enﬂtgcellular cytoplasm from cell membrane (arrow
. vl

O). w ic constituent/orgé)n\éma which was fully released from the cell membrane
\

a werved in some cells (arrow B).
After the treatment with fraction 5 (Figure 7.14 (D)), cells rippling appearance

Od disorganised cell membrane (arrow A) were observed, which included

disintegration of the cells component (arrow D).
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After the treatment with fraction 6 (Figure 7.14 (E)), rippling appearance and

disorganised cell membrane (arrow A) was observed, including the appear?!f

cytoplasmic released from the cell membrane(arrow B) and the cellular tion

(arrow D). The detachment of cellular cytoplasm from cell membran w C) also

seen from the TEM images. Q

re 7.14: TEM micrograph observation of V. cholerae for untreated (control) and
after treated with an active fraction. A: untreated (control); B: Ajwa dates hot
aqueous extract; C: Fraction 4; D: Fraction 5; E: Fraction 6.
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7.6 Conclusion

Flavonoids were found to be the responsible compounds for the antiba@d
anti-adhesion activity of Ajwa date. These compounds were Catechin Wethyl
ether, Hexa-acetyl-pyracanthoside and Luteolin 7, 3’,4’-trigluc0nide,.Ka¥npferol 3-
(2",3"-diacetyl-4"-p-coumarylrhamnoside and Cyanidin 3-rutinoside-5-glucoside.
These results indicated that flavonoid compounds in Ajwa d weresponsible for
inhibiting/killing and prevent the adhesion of bacteria that astr@enteritis.

The mode of action of isolated flavonoids and Aj ate lextra ﬁba%e_rial

N . K>
activity, is through disruption of the cell wall andgatracellular altegatio oﬂiﬁa cells,
4

which are vital for the survival of the bacteria. Tore,w gical ages and

X
alteration lead to bacterial cells death. CV W é
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