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CHAPTER 4 :OPTIMIZATION OF EXTRACTIO@
ANTIMICROBIAL ACTIVITY OF AJWA DATE

4.1 Introduction i

Studies by Nagourne (1998) found that the anti obial wlants was

highly dependent on the preparation used for extracti agourney, 1 8' Wh#h was

the second crucial step in the preparation of pl tial dw ca dat@' the field
of natural product drug discovery. The ¢ ctlo rogﬁ term%agzhe quantity
and quality of the crude extracts obt each ¢ on nt Furthermore,

the requirement for the selection o e most
observed from the appllcatlo entheth ame plant material and
solvent, including the 51gn1ﬁcan actlon\‘éﬁmency (Jadhav et al., 2009).

Many types of solver% lableLjni r@rlal extraction, including water,
a

:
methanol, ethanol, wle, ch

ex n%Q} d petroleum ether, with water and
ethanol as the W@Ved S 40

@
Prev1ou%es recorde

O
E. coli, % gmoy ogena&. subtilis, S. Typhimurium, B. cereus, and L.
nes

edantj %aerial activity of date fruits against S. aureus,
(Al-Daihan & B]L’ 012; Al-seeni, 2012; Amira et al., 2012; Al-Judaibi

e r n methodology was

3-&

monoc
14, Bouhlali et al. 2016) Although a study was conducted on antimicrobial

ities methanol extract of Ajwa dates, there were no published data on antibacterial
Qwﬁy of aqueous extraction of Ajwa dates. Provided that water is a universal solvent

for the extraction of compounds from medicinal plants (Ncube et al., 2008), the



antimicrobial activity of hot and cold aqueous extracts was assessed. Some plants
retained their antimicrobial activity after exposure at high temperature (121°CWe
the antimicrobial activity was lost in some plants after treatment at 600@@'%,
2017). Although many studies presented the antimicrobial activity o ruits, the
study on the effects of antimicrobial on the preparation of the date f¥e~xtracts, such
as the thermo-stability of date fruits on their antibacterial actiyj Mlacking.

Many studies were performed on date fruit extract, ‘&:e It was obtained

from each study. The variation of the studies was possi ue t dinounts of
®
ds, and dif] 'oﬁ c@ty of

er% i hap%z}ms to 1)
i ial acti@?;) determine

dosage used, the sensitivity of test strain, extraction
substance (Nimri et al., 1999; Kaneria et al., 2
determine the thermo-stability of Ajwa dat

antibacterial activity of Ajwa dates&h

concentration, and 3) determine th%m

anti-adhesion assay. % Aj



4.2 Methodology
4.2.1 Extraction of Ajwa Dates at Different Heat Treatment \Q

The optimisations of hot aqueous extraction were performed bﬁﬁ%mg 12
eni

groups of samples consisting of 10 g of deseeded Ajwa dates hom sed'in 100 ml
of distilled water. Every four groups under these groups received different heating

treatments, which were at 1) 60°C for 30 minutes, 2) 60°C for utes, 3) 100°C for

30 minutes, and 4) 100°C for 60 minutes. Subsequently, a es .w\re‘zilered using
The fil

cotton gauze, followed by Whatman® No. 1 filter paper. Werqt-hen
. | &
subjected into three groups; 1) unreduced, 2) re o dryness at 40°C ovés and 3)
4

N arise@*l‘v able 4.1.
S

reduced to dryness at 60°C oven. The employe(w)d

Table 4.1: Temperature and time for, the 'satiorg extraction.
LN 2N
Heating Treatme u ';]@}Reduce
Temperature i y O T era@‘ Final volume

(°C) (Mintites) (G
60 % , \ Q‘ Unreduced

’K\ $ ,%' 40 Dryness
O (Q_Q 60 Dryness
1 %\ B 2 ( C.)V - Unreduced

@) 40 Dryness

$ 60 Dryness

1 6()qz~ - Unreduced
\(_.}’ 40 Dryness
60 Dryness

&3



4.2.2 Antibacterial Screening by Well diffusion Assay

As for the thermo-stability experiment of Ajwa dates, dried ext@e

dissolved in distilled water at a concentration of 200 mg/ml before the usion
assay. For cold aqueous, hot aqueous, and methanol extracts, all samples were’dissolved
in distilled water at a concentration of 500 mg/ml, 400 mg/ml, 300 mg/ml, 200 mg/ml,
and 100 mg/ml, respectively. The entire extracts were then ﬁlte?w 0.02 um syringe

filter before use. Overall, the extracts were subjected t diffusion assay after

methodology 3.6.1. .\d,
I X

N
D [ Jis
s i

4.2.3 MIC and MBC 2 \ {\Y\',

MIC and MBC were perform\%on the oloéﬂescribed in 3.6.2
and 3.6.3. N A
=) 3
N q
4.2.4 Bacterial Viability A\or Bag‘?he@say
The bacterial in culwﬂbrot s we al jg 0 0.5 McFarland standard (OD
; E,c

at 0.09 - 0.12 at 625 nm). oli an l&a@ere used in this assay, while 50uL

of adjusted inocu@ tre@ 50uL queous, cold aqueous and methanol

N
extract at a ¢ Mtio of 50 ﬁlmlféﬁﬁ mg/ml, 300 mg/ml, 200 mg/ml, and 100
mg/ml. Th@la wete incubated o&tdvo hours, followed by samples were taken and
7
ac&ria

platinAw agar. Th \r..}'
S

=

e

out any treatment were used as the controls.



4.3 Result

4.3.1 Screening of Antimicrobial Activity by Well diffusion Assay \Q

4.3.1.1 Thermo-stability of Ajwa Date Extracts on Their Antimiu%;ctivity.

After the treatment with Ajwa date extracts, the inhibition zon&f g aureus was
prepared at different heat treatments, as summarised in Tab N the case of the
d lower antibacterial

unreduced extract, Ajwa dates heated at 60°C for 30 minut

activity with an inhibition zone of 24.7 + 0.5 mm comp to t s.e\he@dat 100 °C
[

. Howeve s‘or_\ﬂi}vlgjwa

e of dnti rial\a,gfvity was
0\ T
areu\to e hea@\it 100 °C for

60 minutes with the diameter of inhib zoa of 21.7 96 @

In the case of the extracts dri%loc’c an \‘(}Ynt e@n, all extracts showed
A N

r@‘?nging from 23.24 mm to

24.5 mm for all heat treatmﬁ. e i ‘& that the filtrated extract did
not affect the antibacte% ity in the dryi %ﬂrm& at a different temperature. Thus,
s

methodology for@eous r \&Qn, thgx.ﬂ‘acts heated at 60 °C for one hour,
filtered, and fur% ced ss at % oven were selected.

RAN

for 30 minutes with an inhibition zone of 25.25 + 0

dates heated at 60 °C for 60 minutes, the hi

observed, with an inhibition zone of 27.75

almost similar antibacterial activa

™
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Table 4.2: Antibacterial activities of Ajwa dates at different heat treatments. The
inhibition zone (mean + standard deviation) against S. aureus, which included 7 mm
well hole, is presented.

Heating Treatment Further, reduce Thefdiameter
Temperature Time Temperature  Final volume o %
(°C) (minutes) (°C) ﬂkion
(mm)
60 30 - Unreduced 4.75 (£0.5)
40 Dryness 4.5 (£0.58)
60 Dryness 24.5 (£0.58)
60 60 - Unre d 27.75 (£0.5)
40 L 24.5,6:0.58)
60 Dry | (+0.58)
100 30 - educed, 25 (#0:3)
40 ryness 45 (19'1..29)
60 ness’ 24@3*}(10.5)

100 60 Unn@ asz% (0.96)

%V Diyness 122'75 (£0.5)

60\’ e C\} 24.75 (£0.96)
1"5

S

4.3.1.2 Antibacterial Actviégjwa tes tract ifferent Concentration
Antimicrobial aEtlvr?of Ajwt?xl a 6 :g., cold aqueous, hot aqueous,

and methanol) at dlfferent ncentrdt c'rersted against the selected bacterial

O

gastroenteritis. T A] datel extragts We@md to be effective for inhibiting the

&J

3

growth of all st actgria, as 0 n i ble 4.3. Based on the result, the diameter

of the 1nh1 ne was do }e pe t, where higher doses indicated larger bacteria

inhibi s
4 ‘-}’
he case of cold aqu?o-us extracts at a concentration of 300 mg to 500 mg/ml

éund to be active against all bacteria, with the inhibition zone diameters ranging

Om 12.33 mm to 37.67 mm. Furthermore, the extracts at the concentration of 200



mg/ml were recorded as active against all bacteria except for E. coli. However, none of
the 100 mg/ml of extracts exhibited antibacterial activity against all tested bact?’
In the case of hot aqueous extracts, extracts at a concentration of 2%\ 500
mg/ml were found to be active against all bacteria with inhibition diameters
ranging from 13.30 mm to 35.00 mm. However, none of 100 mg/ml of éXtracts exhibited
antibacterial activity against all tested bacteria. V
In the case of the methanol extract, the extracts at Xu?ration of 200 mg to

500 mg/ml were found to be active against all bactctia wit tw&on zone

X
diameters ranging from 15.33 mm to 45.67 mm. ' @Tacts
exhibited antibacterial activity. Notably, the m \&V nd @ the most
active extract compared to aqueous extract. i i Y;1ad a higher
range from 15.33 mm to 45.67 mm ¢ % aq QE extracts with an

.lcobV. cholerae, S. Typhi, and S.

Generally, S. aureus,_is
inhibition zone com KS. fle
'3 &

'
Typhimurium. Tl;@t anti \bxa activi as observed from methanol extract
with a diametew itionmzo '45.6?31% against S. aureus. Meanwhile, E. coli
¢
was the leasf j@tible o all date th c‘t'evith lower inhibition zone compared to other
1

N
L AL

$
S
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Table 4.3: The diameter of the inhibition zone (mean + standard deviation) of aqueous extrac %acold) and methanol extracts against the
tested bacteria using well diffusion assay method, which also included7 mm well hole.

Extraction Conc. Diameter of Inhiﬁ\iﬁ‘ zone (mm)
types (mg/ml) S. aureus S. Typhi S. A\ V.lcholerae E. coli S. flexneri
Typhimuri \d
Cold aqueous 500 35.67 (£0.58)  29.33 (£0.58)  25.70 (038) 26.33(+0:38)  23.67 (£0.58)  30.33 (+0.58)
extract 400 3233 (£0.58)  24.67 (+2.31)  22.70(%0,58) , 125133 (£0.58)  18.33 (£0.58)  28.33 (+0.58)
300 30.33 (x0.58)  21.33 (£1.00)  20.00@0.58)~ 721,04£0.00)  12.33 (£0.58)  26.67 (x1.00)
200 22.67 (£0.58)  17.67 (x0.58)  1490/*0.58),) 1547 (+0.58) N.D. 22.00 (+1.15)
100 N.D. N.D. _N\.D. ()" N.D. N.D. N.D.
Hot aqueous 500 35.00 (£1.00)  28.67 (+0.58) (,@7‘00@ 0) 2733 (£1.15)  27.33 (£0.58)  32.33 (£0.58)
extract 400 32.0 (£1.00)  25.67 (0. %ﬁom 0. 582{-_7 25.00 (x0.00)  24.67 (+0.58) 32.00 (+1)
300 29.67 (£1.15)  20.00 (+0.58) 20.67.4+0.58) 21.00 (x1.00)  22.67 (+0.58)  29.67 (x0.58)
200 2733 (£1.15) 1633 (+000) [1767 (£0:58) 1633 (+0.58)  17.33 (+0.58)  13.33 (+0.58)
100 N.D. Ny L AD N.D. N.D. N.D.
Methanol 500 45.67 (£0.58)  29,00\(=0. qG)‘\\"és 67(+0.58)  28.67 (+0.58)  27.67 (£0.58)  34.00 (+0.00)
extract 400 36.00 (+1.73) @s.(iw 2133 (£0.58)  24.67 (0.58)  24.67 (+0.58)  31.67 (+0.58)
300 3233 (+0.58) @433 (:1.18)7°, 17.67 (£0.58) 2233 (+0.58)  21.67 (£0.58)  29.33 (+1.15)
200 26.67 (+1.53),N145.33 (+0/58) 317 33 (£0.58) 1733 (£1.15)  17.33 (£0.58)  24.33 (+1.15)
100 ND. 4%/ ND.” ¥  ND. N.D. N.D. N.D.
Ampicillin 1 45.00 (£Q00)  31.00 (0. sb) 32.00 (£0.00)  31.00 (£0.00)  33.00 (£0.00)  31.00 (+0.00)

N.D.= Not Determined

SH
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4.3.2 Minimum Inhibitory Concentration (MIC) And Minimum Bactericidal

Concentration (MBC) \i

The MIC and MBC values of Ajwa date extracts against all tested bacteriahsented
m 50

in Table 4.4. While these MIC values for hot aqueous extract ranged fro mg/ml to

1000 mg/ml, the MIC values for cold aqueous extract ranged fro% g/ml to 1000
mg/ml. Furthermore, the MIC values for methanol extract rangeWSO mg/ml to 500
mg/ml.

In the case of cold aqueous extract, the lowest MIC yalue was at OMaga\test V.
)

cholerae and E. coli. MIC values against S. aureus andiS." Typhimurium was at IOBOmg/ml.

4 N
(N& erminﬁ\.()verall, all

to %@alues.

at @ mg/ml against V.

However, the MIC values for S. Typhi and S. ﬂexn&o’ld
MBC value for cold extract against all teste@ wer

In the case of hot aqueous extract, thel%t Mw
cholerae and S. aureus, while the M1 % aggiiévpiim um, S. Typhi, S. flexneri,
C

and E. coli were at 500 mg/ml. k VM&:@ against all tested bacteria
were similar to the MIC values t for V. ch@lerae '\a value of 500 mg/ml.

As for the methanol ext%e lon‘%j]hi‘%ﬁt 250 mg/ml against V. cholerae,
E. coli, and S. aure&\e thelMI alues @nst S. Typhimurium, S. Typhi, and S.

N
flexneri were at ml. ;Notably, thé N&Mralues for the hot extract against all tested
:b 4

bacteria wer

the &I?al s;é&-/
Amo::wracts, mdghanal exn;eet was found to exhibit more potent antibacterial

N

activi lowest MIC ValueSE‘SSO mg/ml against E. coli. Notably, the MIC values of

it s extract and methanol extract against S. aureus, V. cholerae were similar at 250

@l and S. Typhimurium, S. Typhi, S. flexneri at 500 mg/ml. Furthermore, the hot

aqueous extract showed more potent antibacterial activity, with lower MIC values ranging



from 250 to 500 mg/ml compared to cold aqueous extract ranging from 250 to 500 mg/ml
against S. aureus, S. Typhimurium, S. Typhi, S. flexneri, and V. cholerae. T

Table 4.4: Minimum Inhibitory Concentration (MIC) and Minimum B t\al
Concentration (MBC) for Ajwa date extract against all tested bacteria. The /MBC
values are presented as mg/ml of three replicates.

Organism MIC AND MBC value (mg/ml)
Hot aqueous Cold aqueous ethanol
extract extract extract
S. aureus MIC 250

MBC 250
S. Typhimurium  MIC 500
MBC 500
S. Typhi MIC 500
MBC 500
S. flexneri MIC 500
MBC 500
V. cholerae MIC 250

MBC 500

E. coli MIC 5
MBC 50
N.D.= Not Determined c
4.3.3 Bacteria Viability fo @n A
\
The bacterial Viabilit(e g? coli and V. er6. r bacterial adhesion assay was
bati

determined after pre-incu wit te"e(éjzcts at different concentration (100
mg/ml to 500 mg/ \e l esent Flgure 4.1 and Figure 4.2. As for V.
cholerae, the ba re otwvi ?{er ﬁvey ment when all the Ajwa date extracts were
at the conc of“ ) a (-{)O mg/ml. V. choleraec was viable after the

s

treatme it l Ajwa date extra (‘)sg-t. the concentration of 100 mg/ml. Meanwhile, the
viabji f E. coli decreased Whe}lncubated in Ajwa date extracts at the concentration of
g ml, 400 mg/ml. and 300 mg/ml. Provided that it was viable after the treatment with

Jwa date extracts at the concentration of 100 mg/ml, the date fruit extracts at 100

mg/ml concentration will be used in the bacterial adhesion assay.
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Ajwa cold

100 mg/ml

V. cholerae
Ajwa Cold Aqueous Extract

Ajwa methanol 500 mg/ml

J k\ Y j’

V. cholerae
Ajwa Hot Aqueous Extract

Ajwa hot CONTROL

& v
V. cholerae colonids after two-hour pre-incubation with Ajwa hot aqueous

Figure ; :
E\ extracts at the concentration of 100 mg/ml to 500 mg/ml

V. cholerae

200 mg/ml 100 mg/ml
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Ajwa hot 500 my/mi

aqueous : N
extract
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Ajwa methanol

extract

AJWA METHANOL EXTRACT

/.

re 4.2: E. coli colonies after two-hour pre-incubation with Ajwa hot aqueous
extract at the concentration of 100 mg/ml to 500 mg/ml.
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4.4 Conclusion

The antibacterial activity in Ajwa dates increased with heat-treatment. How, NYg-er
heating duration and higher temperature will reduce the antibacteriz@ in the
Ajwa date. Therefore, an optimum temperature of 60°C for 60 minu determined
for hot aqueous extraction. The antibacterial activity in Ajwa dM‘X:s was dose-
dependent, with higher concentration indicating large bz&ia’ inhibition zone.

Methanol extracts were the most active extracts ed tolaqueou$ extracts,

including higher inhibition zone and lower MIC/MBG@yalues against al e?te(; eria.
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