CHAPTER 8 :DISCUSSION : ,

It can be summarized from the research that: V

1) The antibacterial activity of Ajwa date extracts increa; Wltl‘l heat-treatment,
however longer heating durations at a higher tem re; wou cireaﬁ.the
antibacterial activity in Ajwa date. The antib 1 ct1V1ty f Qlaé‘:ezctracts

was dose-dependent, in which higher extrac entra n showed h,&_ r bacterial

inhibition zone. The methanol extrac d mgﬁe t ant%erlal activity,
with higher bacterial inhibition ZOM ower m@s against all tested
bacteria compared to aqueous ?

2) Antimicrobial activity ag teste cter as ded from the Ajwa dates-

infused water prepared

The antibacterial 2%

content in Aj@inf@ The(?(re, the antibacterial properties of Ajwa

dates wer ibly ue, lpsea)@\pf phenolic, tannin, flavonoid, or synergy
of the @g pounds:
ison betge ere@te varieties showed that Ajwa, Medjool and

i date extracts shohcéa antibacterial and anti-adhesion activities against all

phe hammad s (PBUH) practice.

pve(c) rrelation with the phytochemical

ed bacteria; with Ajwa dates hot aqueous extracts showed significantly higher

0 inhibition zone and higher anti-adhesion activity against all tested bacteria

compared to Medjool and Mariami date extracts. Phytochemical analysis showed

that Ajwa date extracts contained the highest phytochemical content, with 78
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4)

compound peaks being detected compared to Mariami and Medjool dates. Date
fruits extracts contained various phytochemicals, including phenoliw,

flavonoids, organic acids, fatty acids, and terpenoids. It was fou% the

phytochemical quantification that Ajwa dates contained significa igher TPC
and TFC compared to Medjool and Mariami dates. q
Flavonoids compounds in Ajwa dates consisted of Cate iw,-dimethyl ether,

Hexa-acetyl-pyracanthoside, Luteolin 7, 3’,4’-trigluc aen'pferol 3-(2",3"-

-Wde. These

acterjégg;troenteritis.

se %s and flavonoids
antibacterial activity involved %
alteration of the cells W@% for
morphological damage Mrat ed tg bacterial cells death.
03" ,;j N
NG
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8.1 Optimisation of Extraction and Antibacterial Activity of Ajwa Dates

8.1.1 Optimisation of Extraction of Ajwa Dates \Q

The initial stage of studying medicinal plants in the preparation of: wmples
to preserve their biomolecules in the biomass before the extraction. |n most cases, the
eriorate faster

dried sample is preferred as fresh samples are fragile and te

compared to dried samples. Ajwa dates at the dried stage ( Were used in this

study due to the aforementioned reason and their easy accessibility i l/lalay ia.
Extraction is the second crucial step in preparati lofK'Eél\!ial ant
M
candidates for natural product drug discovery. Thi ess determinés the quéntlty and

0 4

l., 17). @’ébly, when
ith t‘g

{( same solvent,

tes tIQmportance of the

quality of the crude extracts (Azwanida, 2015, i

different methods are applied on the s% nt

extraction efficiency can vary signﬂm Wl{in
selection of the most appropria e;&ac’onﬂn%@!y (&n’)&h’av et al., 2009). Many
a

ct ant ate@;lcludmg water, methanol,

ethanol, acetone, chlorofor dp um.@aer with water and ethanol, and
N
methanol being the most widely use s 4‘/

A prev10u cordl:d tha meth was more effective in extracting the

types of solvents are availabl

higher amou Neno c, fla lhs, alkalmds constituent (Koffi et al., 2010;

Altemlml 17; Truong etial. ,’g&l’g) Furthermore, a systematic review study by
4
Farha 2017) de ns&ated?mt dates fruit methanol extract involved the highest

1 activity compareh&t% aqueous and other solvents (Farhana et al., 2017).

the previous report regarding antimicrobial activities of Ajwa date methanol

Qract (Al-Judaibi et al., 2014; Samad et al., 2016), the published data on aqueous

extracts of Ajwa date were either scarce or absent. Therefore, hot aqueous and cold
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aqueous extraction was conducted to assess the antibacterial activity of Ajwa dates. For
solvent extraction, methanol was used to assess date fruit antibacterial aw.
Additionally, aqueous extracts were selected to follow the practice of@phet
Muhammad (PBUH) in the consumption of dates. *

In some extraction processes, heat treatment is required for the ey.aczon of active
constituent in plants. The thermal processing may release maore bouid phenolic acids
from the breakdown of cellular constituents (Chism ;

, 1 '996). However,

provided that some plants are labile to heat, the suitable teperatute to'extract the active
[

| | NS
compounds should be determined. For this reason, A ates were a‘ts_émected
to different heat temperatures and heating timew rv% stab@ of Ajwa

dates on its antimicrobial activities. V u\ é
It was observed in this study thawaact heate 00 "@{%r 30 minutes was
recorded with higher inhibition zon%eter co\eﬁﬁagto -&tract heated at 60 °C.
N
. 5

Q
6 tes @Ved lower inhibition zone

R\

diameter compared to the e?}hear at_60°C. é?:ding to Shi et al. (2003), the
sue ‘d

o

However, the extracts heated fi

I

heating process may s% plant ti v(vskn the phenol-protein and phenol
\l’mt mateti

polysaccharide int ions in't s. Therefore, more phenols would

'al., @3, leading to an increase in antimicrobial

)

oweyer, excessive heating may lead to compound

transfer to the W ortion
¢
activity of %nt extra
degrad ( hama ’20 @he decrease in antibacterial property caused by
heah&s possibly due to @lisation and/or the physical and chemical changes
%\g during heating (Durairaj et al., 2009). Provided that plants are labile to heat,
e suitable temperature to extract the compounds should be determined. The results of

Q;lis study that heat treatment increased the antibacterial activity were supported

although heating at a higher temperature and longer durations would reduce the
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antimicrobial activity. Therefore, heating at 60°C for 60 minutes was the optimum

temperature and time for extraction, which was also selected for hot aqueous extvn

\

8.1.2 Ajwa Date Extract Has Antimicrobial and Anti-adhesive %rzles

Against Selected Bacteria Causing Gastroenteritis

After extraction, the antimicrobial properties of A e extracts were

assessed. Subsequently, antibacterial and anti-adhesion a@?e selected

bacterial gastroenteritis were identified. Notably, sthis stidy findi a!che¢~the

findings observed in an earlier study by Sama W r!:co}ded that

Y—-

arceso@' (Samad et

,as by Al-Judaibi

antibacterial activity against S. aureus, B. cereu. col

al., 2016) took place in Ajwa date metha% cts I%W

et al. (2014) reported that Ajwa date meth extract did shov@tlbacterlal activity

against MRSA ATCC335910 a: i re%s%y tr@' with this study (Al-

7]
Judaibi et al., 2014). Further was observedithat x& crobial activity results of

the same tested plant part fron, cher searcher as plant constituents
[

could vary due to geog%l locat\ oﬂ@nt topographical factors, and the

nutrient concentr Mthe S[)ll( eria et-% 2009; Doughari, 2012). Accordingly,

N

the number o gxtragtion nle‘) s, diffusion capacity of a substance, the
method u ¢ antimictob l study, and different sensitivity of test strain led to
antimigr ct1V1ty dmggces Q%mrl et al., 1999; Kaneria et al., 2009; Aziman et
al. \(')

Based on the antimicrobial activity assessment using well diffusion assay and
OC/MBC on the degree of the diameters of inhibition zone and assorted MIC/MBC

values, the varieties were based on the type of extraction and tested bacteria used. The
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methanol extract showed higher antibacterial activity with a higher diameter of
inhibition zone and lower MIC value against all tested bacteria compared to a S
extract. Meanwhile, methanol is a polar solvent, and antimicrobial compo%\ch as
phenolic, flavonoids and tannin, have been identified to be soluble i solvents
(Cowan, 1999; Bimakr et al., 2011; Altemimi et al., 2017). T
Among aqueous extracts, the hot extract exhibited hi eMacterial activity
\'y

compared to cold extract. The heating process may soften tigsue and weaken

the phenol-protein and phenol polysaccharide intera s in the\p]dmaterials.

1 2
Yw
e phenols would ié@ er to

ar% . orta.gt, 1., 2012).
cts, v\hic as dos@gp.endent, was

determined at different concentratioﬂw ent extrac
different results related to the inhib%ffect ﬁso%r '-r}growth. Specifically,
higher concentrations exhibite%r dianmeter dnh"@l zone against all tested
bacteria as the date extr }nigh onc traﬁgécontain more antimicrobial
compounds. Studies r ttimilrobi ﬁ&tiﬁb’ were also observed to produce
similar results (Joshi“& John, 2(]
2017). All extéthe

exhibited a '%bial i
200mg/$ exhibi

ady

test he concentration 0@8’ mg/ml did not exhibit any antimicrobial activity.

Therefore, a mass transfer would be promoted, whil

the solvent portion (Shi et al., 2003; Spigno &

The antimicrobial activity of Ajwa d X

nce <%10ns would yield
O

al.,2 Prasad et al., 2008; Chua & Aminah,
ation ‘%ﬁging from 200 mg/ml to 500 mg/ml
| (?'

ltfouel_ljt e cold aqueous extract at the concentration

NS
'bacta&f activity against E. coli. Moreover, all extracts

ENe extract at this concentration may contain antimicrobial constituent, the
t was not sufficient to be effective. Overall, this result matched the results

bserved in an earlier study by Samad et al. (2016), which found that Ajwa methanol
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extracts at a concentration of 100 mg/ml did not exhibit any antibacterial activity against
S. aureus, B. cereus, E. coli, and S. marcescens (Samad et al., 2016). T
In this present study, the gram-positive S. aureus was found to be l‘l’% itive
to Ajwa date extracts due to the relatively higher inhibition zone ¢ to other
gram-negative bacteria. Gram-negative bacteria were more resistant dug to the presence

of lipopolysaccharides in their cell membrane, which was i Mle to lipophilic

. Provided that active

M lipophilic
‘XY
layer

compounds, the compounds were more permeable an. rbed tg ph hdli@

compounds (Stefanello et al., 2008; Aziman et al.,

phytochemicals, such as phenolic and flavonoids prese Aj

of the gram-positive bacterial cell membrane (Isi , 014’; i al.,{(},‘G; Khalid

et al., 2017). \, y {\T
Besides determining the inhib@ng effects ate@&' extract, the anti-
bact

adhesive activity of Ajwa dates ¢ against\'mg 1a*was evaluated using
N

caco-2 cells models. The preventi f infectiongby an&?‘alesion is directed to the

initial attachment of the baﬁ\iria h cells, whieh™is the first step of microbial
T

colonization and path%; oiva; n et 1‘;'2@ Therefore, anti-adhesion is one

of the approaches&&n ager
the host and prew ,
anti-adhesiv, @

\
to occ%t theg” "yftl adhgion assay, Ajwa date extracts at different
con@ions were evaluate @énsure that the concentration did not eliminate the
baeteria: Subsequently, it was confirmed that anti-adhesion activity was not caused by

hewinhibition/killing of the bacteria. The findings indicated that the extract at a

oncentration of 100 mg/ml did not affect the bacteria viability compared to control.
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Therefore, this concentration was selected for bacterial adhesion assay for crude

N\

8.2 Antimicrobial Activity of Ajwa Dates Prepared Following the act;',e of
Prophet (PBUH) Toward Bacterial Causing Gastroenteritis

extracts of dates.

Antimicrobial activity against all tested bacteria was presw consumption

of Ajwa dates-infused water according to the practice of t phet Muhammad

(PBUH). The antibacterial activity had a significant positi @1 the level
of phenolic, tannin, and flavonoids content in Ajwa i ed water L Y~
N

The antimicrobial activity of Ajwa date infuse r was time-d nd!nt'én dose-

4 b 3
dependent in terms of the number of date fruiw 'Me\ ater. M%ﬁwhile, the
findings corresponded with the TPC, TFQ,NC j "\SA\Sed water. The

ates-in
initial increase in the antimicrobial activitygand phy\toch ical cé:nt of Ajwa dates-
infused water could be explaine wic}‘(’%}ilw é)&diffusion, in which the
solute concentration in the pl@ disSelye after th tact with the solvent until
a final equilibrium state Wa?fRVed 't a cértain @ (Paul et al., 2014; Pang et al.,
2017). Therefore, lonhsin tifh mécf}big er number of date fruits would

increase the antib@acti@ the e% rium was achieved.
The final Nlu of solute irl sob;%nt led to a static or plateau in antimicrobial
w

inst tested bacteria. This could be demonstrated

4
activity in tes-infuse er
4
by the &erial activity of AjWates-infused water against S. aureus. Furthermore,
N

the,ba | inhibition zone razined constant at a particular point of time, indicating

antimicrobial compounds in Ajwa dates infused water reached the maximal

Oﬁcacy to inhibit S. aureus. While extraction efficiency increased with the increase in

extraction duration within a certain time range, the increase in time would not affect the

182



extraction after the equilibrium of the solute was achieved inside and outside the solid
material (Zhang et al., 2018). Meanwhile, a decrease in TFC values of Ajw -
infused water was observed after 10 hours, while this decrease at a longcﬁ\ction
duration was possibly due to degradation polyphenols (Muhamad et al., ;P. Y. Lim

et al., 2018). q
The phytochemical quantifications of the Ajwa dates-in{iiwter showed the
ie

contents of phenolic, tannin, and flavonoids in it. Previous ound that Ajwa date

fruit was enriched with polyphenols and flavonoids, ich i hwn, tannin,
[

catechins, iso-flavonoids, and sterols (Hamad et al., 2 amad et al ]b @acob,

dme\fi waters was dose

2016). Furthermore, the phytochemical contenty

and time-dependent. The increase in the nuw

to a significant increase in the TPC, \hd TFC.
studies by Tan et al. (2013), where @30 of hext%n

N
the increase in extraction time Qt al., 2014)2 « §
Spearman correlation hier‘]1 alysis vgconducted to observe the
relationship between Ceria inhibitj nlzoé' and the concentration of the
s $ &
\d\water. (Mas recorded from the analysis that a

<

phytochemical in

Xgested that antibacterial activity of Ajwa dates-infused water was caused by the
och

emicals (e.g., phenolic, tannin, and flavonoids) individually or in a combination

Q;gainst all tested bacteria. This finding was also supported by the study by Zhao and
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Shah (2015), which recorded strong correlations between the total phenolic content in

all pure plant extracts and the size of the inhibition zone (Zhao & Shah, 2015). T

8.3 Comparison of Antimicrobial Activity and Phytochemical hree Date

8.3.1 Antimicrobial Activity T

Besides the Ajwa dates, various date varieties ailable \i\tha-arket. To

Fruits Variety

@

assess the antimicrobial activity in the dates, three digrent ate varieti Weret’;%ﬁted

in this study, namely Ajwa, Medjool, and Mariami to diffe}en reasons. S&}iﬁcally,

M also date fruits

10ned{g- various Quranic

Ajwa was selected due to its exceptional nutritional valu

variety consumed by the Prophet Muham@UH
verses and hadith. Meanwhile, Medj m ect? s this Variety was the most
well-known variety in the wor %es&%wr. éﬂ*\ng widely grown and
available in the market WOW 1 twi;‘s &g%genetically distinguished
(Elhoumaizi et al., 2006). Wi dat's we SFI@\due to the easy accessibility of

this variety in Malaysi et aq.{ able price compared to Medjool and Ajwa

O

varieties. As a regSult, all thre¢ varieties of’ dates showed antimicrobial activity and

N
different degl%\nti io% ?!ceﬁﬁgﬂity. The difference between the activities
of the Va%as possi (J

‘ou’¢

ucz$ the high diversity in chemical composition
dependingen the genotype, env'r&r’nent, season, and cultural practices of these palm

NS |
da%}uldo etal., 2011; Farag et al., 2014; Khalid et al., 2017).

Ajwa dates extracts were mostly recorded with significantly higher antibacterial

Oivity compared to Medjool and Mariami dates extracts possibly due to the

phytochemical content in Ajwa dates. From the phytochemical qualitative screening, it

184



was found that Ajwa dates contain higher phytochemical compounds compared to
Medjool and Mariami, which amounted to 78 compounds. Furthermore, thes S
consisted of phenolic acids, flavonoids, and terpenoids, which are@ for
antibacterial properties (Kurekci et al., 2013; Laouini et al., 2013; Ustii al., 2016;

Ng et al., 2019). It was found from the phytochemical quantificationfthat Ajwa date

contained significantly higher TPC and TFC values compared.iewol and Mariami

In the recent studies by Saleh et al. (2011), Eid ¢ (20 )Wmad et al.
[

(2015) comparing the phytochemicals (e.g., phenc@avono c nis) @rious
date varieties, it was found that Ajwa dates ha igher le@ olic\@lg, caffeic
acid, ferulic acids, gallic acids, and syrinE cid) an T

id (c n, quercetin,
and rutin) compared to other date icties, such as

las, @&ari, Nabtit Ali,
Mabroom, Khla Al Qassim, @la%hsaﬂmh-

lﬁ:\Nabot Saif, Saffawy,
N
Barni, and Rashodia (Saleh & 201 mad et al., 2015). These

dates.

5

phytochemicals were the a%\;m:), ith a ﬁin the antibacterial activity,
which justified the hig ithicrobial actiyi lirh@’va dates.
s ¥

83.2 Anti-adh veXtivit;‘ <~
N
One s@to V(ﬁd}?l’iam&gctions includes the anti-adhesive agents,

which mi vent the afta m@of bacteria to human cells. Recently, many
researﬁer cused on the potent\ig. anti-adhesion agent from the plant base. It due to

hj resistance of the bacteria to being cleared using normal cleansing mechanisms

.; such as normal immune factor and bacteriolytic enzyme) or antibiotic when they

Oﬁ adhering to the epithelial surface. The acquirement of nutrient by these bacteria

enhances the bacteria ability to survive and infect the host (Ofek et al., 2003). Moreover,
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an adherent condition, which is the initial step in pathogenesis, is advantageous for
bacterial survival (Ofek et al., 2003). Therefore, control of bacteria adhesion to Tt
is important for disease prevention. \

In the anti-adhesion assay, all dates varieties were recorded wi i-adhesion
activity against all tested bacteria. Specifically, Ajwa date extracts W good anti-

adhesion activity compared to Mejdool and Mariami dates. (W, no conclusion

was made regarding the difference between anti-adhesion actiyities in <'ach date variety

due to the lack of available published data on this er. [ w ested that

[
polyphenol and saccharide contents in date fruits mi responsib oﬂth_'{%tivity
(Ferrazzano et al., 2009; Wang et al., 2015) ed_thdt ruiw\?é rich in

NN

carbohydrates, such as glucose, fructose, maltose and galactose, and Yl:enols, these

or @‘%dhesion activity.
_hmi dates are varied, it

Provided that phytochemical conte\%iwa, Me\)&il'g%-d

suggests the difference in ter adhesion activity. &

Although the exac%is:l ained un s‘@ed in terms of the adhesion-
inhibition properties o% ic ext} ;s} "dresals study suggested that phenolic

compounds, such Wnthocl : ella%(adnins, and isoflavones had a role in
&Q

blocking or ina the

¢
(Puupponen-Pimiaset al.; 2001;

'loca@n a bacterial outer cell wall or fimbriae
et{azerjlo et al., 2009). A study by Wells et al. (1999)
NS

on isofldvone,¥namely:. ?ein d&ved from soybean, found that genistein anti-

adh@ctivity was associ@(&rith the integrity of enterocyte tight junction and

g Xm function as a barrier sustaining agent, which inhibited the adhesion and
& ion of enteric bacteria (Wells et al., 1999).

Besides polyphenols, the previous study by Wang and co-worker (2015) found

that carbohydrate and oligosaccharide from natural sources, such as orange peel, algae
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colloid, guar gum, and konjak gum consisted of different degree of anti-adhesion
activity against V. cholerae, Escherichia coli, S. Typhimurium, and C. jejuni ( t
al., 2015). Polysaccharide from Panax ginseng also demonstrated strong anti sion
activities against Porphyromonas gingivalis, Aggregatibacter actinom@comimns,
Propionibacterium acnes, and S. aureus (Lee et al., 2009). Oligosac&‘ri’e had a role
in mimicking the receptor-structure to bacterial adhesins (Shoaf-Sweeney & Hutkins,
2008). Instead of binding to the host cells, the pathog %-adrere to specific
oligosaccharide and expelled from the host, leading e pr VM bacterial
pathogenesis (Shoaf et al., 2006). ' _\"}

Among all the tested bacteria, V. chole th% ted l@y;eria after
Y.

q@\ells received
the most impact with up to 95% adhe\hf i tre@%nt with Ajwa hot

aqueous extract. A similar finding V\%orded b ¥ e a}@ﬂ%) on the inhibition
of adhesion of pathogenic bact%numaﬂ milkgol gos@ride, where V. cholerae
was the most affected ba Xer t e&thy;@olecular-weight fraction of
human breastmilk con%f% coli y’p’iso

Another sw&h@. (20$<§é>wed that V. cholerae was the most

affected organiqq th clint vcﬁq?D-mannose, D-fructose, D-fucose, D-

glucose, pe r%gosa h‘i a{d 6Ci?ooligosaccharides compared to E. coli, C.
N

jejuni, %

pat ic mechanisms and ad\@{on abilities of the organism (S. Wang et al., 2015).

the treatment with date extracts. The adherénce

NS
indlir is si'ﬂ%ﬁon was possibly due to the difference between

.xme which exposed to higher osmolality, an antimicrobial compound, and

& mittent nutrient deprivation led to challenges in bacterial growth and disruption of
e

gene encoding the general stress response regulator RpoS (oS) or the RNA

polymerase oE subunit (RpoE). These genes mediated the envelope stress response,
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leading to a significant weakening of V. cholerae virulence and its capacity to colonise

the small intestine (Merrell et al., 2000; Kovacikova & Skorupski, 2002; LWL

O'Byrne, 2010; Silva & Benitez, 2016). q
8.3.3 Phytochemical Analysis of Date Fruits Extracts.

The acquirement of plant extracts led to crucial challeng ¢ identification
and characterisation of bioactive compounds as most plant Qtracts occurred as a

combination of various types of bioactive compounds ochemicals with different

polarities. Notably, phytochemical screening assay i

simple, swift, d'in;@a)&'sive
ious tyys f ytoc@cals or
NV

secondary metabolites found in plants (Sasidhzan et 11). In'this study, a

procedure, which provides a quick answer about

qualitative method was performed o % acti
namely Ajwa, Medjool, and Mariami w i enTx ac&@types using high-
performance liquid chromatograp %ctr“q%e ofch);’%ht mass spectroscopy
(UHPLC-ESI-QTOF-MS/MSN ative io nﬂ‘@

\
It could be su arisq that all dat f]iui@eties consisted of a phenolic
s, or;

compound, flavonoid ic a at Cﬁj.yd This study data regarding Ajwa

dates were in lin&\te previou die@hmed et al. (2016), Eid et al. (2013),
and Hamad e@ 5) on the ?)'Iic ﬁgjﬂavonoid content in Ajwa dates. Although
organic as%ludi}lgyy idspshccinic acid, malic acids, citric acids, and formic

7

acid were iously re ortec‘l'ir@\;a dates (Hamad et al., 2015), this study identified
&

g:w acid, penylvaleric acid\s, and tartaric acid in the dates. Meanwhile, the previous

0 y observed terpenoids, such as lupeol and lup-20(29)-en-3-one in Ajwa date (C.-R.

ang et al., 2013), although new terpenoid compounds were found in this study,

namely  Dihydroxyldimethyl19[(Dglucopyranosyl)oxy]-19-oxo-ent-labda-8(17),13-
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dien-16,15-olidederivative and Oleanolic acid. This difference was possibly due to the
solvent for extraction and methodology for identification of the compound. A SW
Hamad et al. (2015) used methanol and chloroform for extraction, while identift€ation
of compound was carried out using Proton nuclear magnetic resonance NR). This
difference was also in terms of plant origin, topographical facto¥s, and nutrient
concentration of soil (Kaneria et al., 2009; Doughari, 2012). V

Cvorloid compounds

revious ound that
‘X

polyphenolic flavonoids were the most abundant phenélic compou O‘m ciAt}Ajwa

Between all date varieties, Ajwa date contains

compared to Medjool and Mariami dates. Similarly,

dates (Eid et al., 2013). The flavonoid com su% oer@xadecyl

yric@gtgalactoside
djo@d Mariami dates.

sulfate, Isoquercetrin acetate, Hexosyl luteelin phatr\, an

were found in Ajwa dates, however, wapresent n
Flavonoid is well known as an a erial ag\wég, ic

N,
antibacterial activity of Ajwa%\/loregver, Jwa izé? contains fatty acid and
X mi and

terpenoids, which were not present’in 1\@01 date. Terpenoids is known

to have antimicrobial %1 (Guimarae e‘t' Ll}b’l 9). A high degree of variability

in terms of the ph hemi@ n d%\t)riety might be present in terms of

genetic variation, geographi ' soi@éd environment status (Kim et al., 2006;
7

@ributes to the higher

¢

’
D’ Archivio itgf.)mo; alidt 4l 2017)
\
T% tificati an a&‘ve compound was determined, while three

colﬁic assays were sele t@fo calculate the total phenolic, tannin, and flavonoid

i *extracts. These assays were selected as phenolic, tannin, and flavonoids were

lant active compounds, as discussed in many previous works and literature
egarding the antimicrobial activity of date fruits (Cowan, 1999; Baliga et al., 2011;

Vayalil, 2012).
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From our present study, the total phytochemical content of date fruits varied based
on date variety and extraction type. Ajwa dates significantly contain higher TPT
compared to Medjool and Mariami dates. The previous study also dem that
Ajwa date contained higher phenolic compared to Mariami, Sukari, ﬂ& Mariami
Khalas, Barni, Nabot Saif, Rashodia, Khlas Al Ahsa, Sokary, Mabrmnd Khla Al
Qassim varieties (Saleh et al., 2011; Eid et al., 2013; Hamad MS; Samad et al.,

Y-

2016; Khairuddin et al., 2017). Moreover, previous data ted the TPC values

of Ajwa dates were varied in each study (Hamad et al., ; Kh 1iW017). The
a3

difference between TPC values was possibly due to tion type s’ag;@’plant

collection (Eid et al., 2013; Hamad et al., 20 re Aj& contained higher

phenolic content at the Kimri stage, follo

et al., 2013). Hot aqueous extracts T P@higher co

was found that aqueous extract ¢ tly 1ncr\d?he
extracts (Saleh & Otaibi, 2013,%1my etal.,2015; H et al., 2015), which was
in line with previous study Its.

Medjool date ho ttracl an s ha@‘ extracts contained higher tannin
compared to MarwAjwai ne wi <<1/s result, the previous study recorded
that Medjool d up toC}&% mg GAE/100 g at different ripening

stages (M a hez 143' cc&}?red to Ajwa date contained 500 mg/100 g of

=

and :@gr.stages (Eid

ed @1 thanol extract. It

q(c\()mpared to alcoholic

S

NS
tannin t1 Bhaﬁi .} Hotﬂ& ous extract for all date varieties showed higher

—

TQ compared to cold K us and methanol extracts. Provided that the heating

p might soften the plant’s tissue and weaken the phenol-protein and phenol

@ saccharide interactions in the plant materials, more compounds would transfer to

e solvent portion (Shi et al., 2003; Spigno & Dante Marco, 2007; Dorta et al., 2012).
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Ajwa date cold and methanol extracts contained higher flavonoids content
compared to Medjool and Mariami dates. This result was in line with previous )
which recorded that Ajwa date contained higher flavonoids compared t@Saif,
Rashodia, Khlas Al Ahsa, Sokary, Mabroom, Khla Al Qassim, and Kh leh et al.,
2011; Hamad et al., 2015). Hamad et al. (2015) demonstrated thma date total

flavonoids amounted to 2.78 mg/100 g, while this amount rangid from'77 to 216 mg/ml

in this study according to the extraction types. The d between the total

flavonoids was attributed to the methodology and extrac solv t.Wid content
[

was quantified by Hamad et al. (2015) using acet%ater a C'a@ches,

which were more precise compared to the colori iYassay sed@}flis study.

Hot aqueous extracts of Mariami dates e found to contain si@ggntly higher

flavonoid content compared to Ajwa \%001 date. dy@%ani et al. (2015)
demonstrated that Mariami date e)%d using\aﬁ?ol @ced higher flavonoid

& N

content compared to Water-eth%id aqueous xtrac@n the contrary, this study
h i

recorded that hot aqueous Y OILT her @noids compared to methanol
extracts. The differenc% the ¢ ;Juf pfab)us study findings was due to the
use of cold extract'%d the \em
& &
SR
N &
& D

N
A\ S

com used for the standard curve in the
previous study.\ '
2.9
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8.4 Isolation and antibacterial activity of Active Compound from Ajwa Dates

That Responsible for Their Antibacterial Activity Y.

8.4.1 Isolation of Active Phytochemicals from Ajwa dates extracts

An excellent antibacterial and anti-adhesion activity led to the scﬁn of Ajwa
date hot aqueous extracts in this study. However, little information v&;ained about
the actual mechanism of action of the antibacterial compo ived from these
plants. Several methods were employed to extract potent actirial compounds
from natural products. The conventional way of testing an amtibacteria ound from
natural products is the preparation of crude followe 'pu_rt ation,
identification of compound, and testing agalnst ial st ins et a%\:%' 13; Ejele

et al., 2014; Khurram et al., 2015). Duri st fe dec es, s 1 compounds

were isolated from different plants, WN ioassay- ed ion was used and

@me compounds have

)

received interest for potentlal\ aﬂg e&%’, 2013; Ejele et al., 2014;
S

Khurram et al., 2015). T
Bioassay- gulded%x was Jys! stiidy, which began with a testing of a

crude extract to m&%ﬁs activi llowe separation of the compounds in the

extracts and in- logl F OfC,J ified compounds.
4
Q[
AQ’ &
N -

N

reported to have significant b101 activities: %b

Jé,
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8.4.2 Antibacterial and Anti-Adhesion Activity of Isolated Active

Phytochemicals T

Only three organisms, namely S. Typhimurium, S. flexneri, and V. c@were

selected in this parameter, where the exhibited good antibacterial a i-adhesion
activity was due to a limited amount of fractions collected. Three fgactions, namely

fractions 4, 5, and 6 were found to be active and exhibited antimiw activity against

S. Typhimurium, S. flexneri, and V. cholerae. Notably, S. fI i Was the most sensitive

organism to the treatment with active fraction, with higheginhibiti nmeared to

[
V. cholerea and S. Typhimurium. Same 0bservati$und that S. x':ei(hgg low

efficacy in the antimicrobial bioactive compo?~ h less/potential fi r@veloping
sitivi

Mg

ty aﬁ bacteria tow@ig;ltimicrobial

agent is affected by the genotypic and W@ic variati the
the sensitivity differences (Othman %, 2019 \T ’<\
2 y N

Although the MBC val - chblerae as 3.@ mg/ml for three active

resistance (J. H. Doughari et al., 2007). Thefsen

ism, thus justify

@

fractions, the MBC value a ih T yT' Fium and Qexneri cannot be determined.

It was found that the activ. ion was onl aéte&@tatic against S. Typhimurium and
s $ &
\\A] a at

S. flexneri, while th de extrla
organism. It W\d&nstr at'the si@# active compounds in Ajwa dates were
¢

|
only able to i% the bacteri g&)W hc,'tlrhile the combination of active compounds
%' !N . . .
had a rol€ i ing §¢ riu d S. flexneri. These active fractions also showed
mo%anti-adhesion activitx%ﬂer the treatment with an active fraction. The anti-
N

a Xu activity of active fractions was lower compared to Ajwa date crude extracts.
G roposed in other studies, it was proven that multiple anti-adhesive agents should be
mployed to perform actions on different types of adhesins, while a multi-component

system could be more effective at blocking pathogenic bacterial adhesion to enterocytes
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(Ofek et al., 2003 2003).

The identification of fractions 4, 5, and 6 was performed using UHPL?!-
QTOF-MS/MS and active fractions, which consisted of various ﬂavonoi% ces,
such as Catechin, Kaempferol, Luteolin, and Cyanidin 3-rutino lucoside.

Polyphenolic flavonoids were the most abundant phenolic compouanound in Ajwa

date (Eid et al., 2013). Using the LC/MS technique, the previ M also found that
Z na

Ajwa dates had high quantities of flavonoids composition, rirgenin, luteolin,

13). .\d‘ -
wide fan 011 p;{-l%genic
of% s with C6-C3-C6

skeleton. To date, a total of 8000 known ﬂaw olwﬁlles pres%ig;lattacharya,
2011). Flavonoids could be categoris%)arious su ses,@quding flavanone,

flavones, flavanols, ﬂavanonol%ﬂavone,\hgﬂ
hydrochalcones, aurones, and %midirﬁ1 Iuarcz&@ noted for antimicrobial
acterial @ity of flavonoids could be
employed in many w as dir llihg’@' bacteria (membrane disruption,
4 $ &
inhibition of cell enVelope syn‘ \m ibiti nucleic acid synthesis), weakening
nic

(b

oids, chalcones and
Q0
N

activities (Falcone et al., 2\.Th1 1
tly

bacterial path rmat’?}%’ inhibition of bacterial toxins), and

¢
synergisti@vati the n&)i(tljs (antibacterial action of flavonoids-metal
NS
complte’ t al. #2014; 'rnia@ al., 2019). The antibacterial mode of action of

ﬂav@ varies depending @ﬁe structures, specifically the substitutions on the

a?a rings.
Q Fraction 4 consists of Hexa-acetyl-pyracanthoside, Luteolin, and Catechin in a
ubclass flavone, flavanone, and bioflavonoid. Each flavonoid subclass consists of

different actions on its antibacterial mechanism. Luteolin is in a flavanone subclass,
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while the antibacterial activity in flavones has been widely investigated. Flavone acts

as a prenylation (addition of hydrophobic molecules to a protein or cwl

compound), while the substitutive phenyl group reacts to the adjective hy%\roup

to form a heterocycle of six members, which might reduce the bacteri ity (Xie et
al., 2015). Besides prenylation, a study by Wang and Xie (2010) fogd that Luteolin

comprised antibacterial activity against Staphylococcus aureus, while'the antibacterial
tK a

mechanism of luteolin occurred through the inhibition ctl'vities of DNA

id a %ﬂ{@ synthesis.
[
Meanwhile, Hexa-acetyl-pyracanthoside is in flavan bclassy w f’a\@e has
the saturated C3-C4 bond of C ring, which cr e n% ton% avanone
non-planar. Notably, many of the active axw ial ﬂsvan es ar&)renylation.
Tsuchiya et al. (1996) found that was were active a@i-MRSA agents.
Furthermore, Celiz et al. (2011) re@sd that tE\aEQ %
%h ¢

chain with 10 - 12 carbon at ched @ne A ring of naringenin

I@ccal activity. Also, Catechin

significantly increased the 3?13 ial l
is in flavonol subclass,% chara‘g rise "b)’ a@ditional hydroxyl group at the C-

3 position. It has$dely r \Edqn ter its antimicrobial properties against
ea

bacé(. Catechin kills the bacterial through the

e
¢ : C—)
rupture o e |} bacterial e&b@e by binding the lipid bilayer and

&k. NS
inactiva% ibiting .ynthesig of an intracellular and extracellular enzyme

(Re 2014). Overall, thi\&%tﬂt was in line with the current study result presented

topoisomerase I and II, which reduced the nucleic

ryQ)\‘ a saturated aliphatic

both gram-positi gra

i%&on microscopy analysis, with damage in V. cholerae cells was present as a
& mity or shrinking of the cell wall after the treatment with this flavonoids fraction.
Fraction 5 majorly consists of kaempferol, which is present in a flavonol

subclass. Activity against S. aureus and E. coli in Kaempferol was recorded in a
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previous study (Tatsimo et al., 2012). It was also found keampferol mediate the

displacement of AHL molecules from LuxR-type transcriptional activator protew

et al., 2018). Keampferol also reported inhibit FAS-1, where FAS-1 is t@cids

synthesis of mycobacteria, and the biosynthesis disruption directly kiﬂ&e bacteria

(Li & Tian, 2004). Kaempferol was also recorded with signiﬁcantl%nhibited DNA

lizosi in anthocyanin
ichi nWassociated
3

with the blue, purple, and red colours of different pla ts (flower #s,‘@’other

gyrase from E. coli.

Fraction 6 majorly consists of Cyanidin 3-rutinosid

subclasses. Anthocyanin is a naturally occurring pigmen

plant tissues). Despite the intensive studies pe on.the anti robi{l‘;&ivity of

t hﬂma athog.@?t;le available

information about the antimicrobial™agctivity of the an@anins 1S scarce.

wn

crude extracts of plant phenolic compounw

Inhibitory effects were observed fr cranber %en alé!ch in anthocyanin on
\

the growth of Listeria monoc S. aureus Enterococcus faecalis,

Citrobacter freundii, E. c x 7 a, and S lmurlum (Wu et al., 2008;

Lacombe et al., 2010).% 0 fou'r‘1 ‘:lllajé. el @ue to cranberry concentration of

5 pL/mL resulted orpholr mage acterlal cells, such as the loss of

structural 1nte mbra@ nd intracellular matrix on E. coli, L

l
{n g')aureus It was also found from TEM that

NS
anthocy ctlon,‘f Pnben&concentrate led to localised disintegration and

irre@ in the outer mem @f-d leaking of cytoplasm on E. coli (Lacombe et al.,

monocytoge Typ muri

All flavonoids fraction showed moderate anti-adhesion activity against all tested
acteria. This result was in line with a previous study, which suggested that phenolic

compound might be responsible for the anti-adhesion properties. Anti-adhesion activity
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was observed from the phenolic compounds, such as proanthocyanidins, ellagitannins,
and isoflavones. These compounds may have a role in blocking or inactivat e
adhesins located on a bacterial outer cell wall or fimbriae (Puupponen-%\t al.,
2001; Ferrazzano et al., 2009). A study by Wells et al. (1999) recorde isoflavone

had a function in enhancing the tight-junction integrity of caco-2 emterocyte, which

reduced bacterial internalisation on caco-2 enterocyte (Wells N9).
Citrus flavonoids, such as apigenin, kaempferol, q tz an(l naringenin, are

proven to be an effective antagonist of cell-cell signalli i M‘l 0). Cell-

). This fact may

d red&;e adhesion
ing@ivating bacteria

justify that the active flavonoids fraction

possibly through different mechan\ aluding
adhesins, enhancing enterocytes in%, or reEu\g\‘_u_'%t e
% f

it'@y‘of bacterial adhesion
N\

through the antagonists of ignalling «to <éﬂ‘:‘;ﬁ’ce bacterial adhesion.

Comprehension study in m. }

mechanism of Ajwa % onsiblf for the &n@hesion activity against bacterial

gastroenteritis.
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8.4.3 Effects of Ajwa Date Extracts and Isolated Active Flavonoids on Bacterial
Morphological Change Via Electron Microscopy

In examining the antibacterial mechanism of Ajwa date extracts a@ctive
compounds, the morphology of the bacteria was observed using elec iICrOSCOpY.
While SEM could view the 3-dimensional surfaces of an object, enables the
observation of the internal structure of the cells as the speciMare cut using a
microtome instrument into an extremely thin slice. ET '

In this study, S. aureus, S. Typhi, S. Typhimurium,“&. coli, S. ek, Qd V.

N

iné a.)s%anning

cholerae were treated with Ajwa hot aqueous e a e

d obse
. . o .
electron microscope. This observation 1dent1ﬁe?'ﬂly51m]d\a

morphological alteration to all tested bactesia the tr
21 c

S and‘c}n;iderable

t with Ajwa date extract.

&

ell wa 1nclu@ the presence of

strength and integrity, the damage, t ell uld d @ this function and lead

o &

to cell death (Talaro & CheS\ . Proyjded that AJA ates are rich in phenolic

compounds, the structural cv obseived ia this stu ere possibly due to the effect
I

of phenolic compound% 2 J 2 ((/0.

Antimicrob&: ani 111 of phienol attributed to the presence of hydroxyl

group, Whereemum lagion ?Le group in lipids bilayer would disrupt the
lipid-prot@action?i at@jd to alteration of membrane structure, increase
f

Given the important function of the

<

/

4
the lefwf the intracelltlar ‘\cgﬁstituent, and destroy the membrane integrity to
facdilitate the entry of antimic\r(;iial agent (Char et al., 2010). Other literature also

%ted that the phenol might be bound to the bacterial cell surface and penetrate

oough the target sites, such as the phospholipid bilayer of the cytoplasmic membrane

and membrane-bound enzymes (Shan et al., 2007). The easy entry of the antimicrobial
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compounds into the cells through these lesions also accelerates the leakage of the cell
contents. These antimicrobials may also react with the bacterial DNA, evw
leading to cell death. Although the consequences after the cell wall are W@ low

osmotic pressure leads to cells burst (Black, 2008). *

Active flavonoids fraction antibacterial mode of action w. alsozbserved using
SEM and TEM against V. cholerae, which was selected due towﬁghest antibacterial

activity after the treatment with active fractions. For SEM amad: was present in

eld wall.and
&
the clustered and melted cells. Overall, these res re in line wit

re\’ioeﬁi?rudies,
P 4

which showed that flavonoid from Melastoma Mﬂ'”w eav d phenolic

the cells treated with active flavonoids fraction, which included the sh

from Oregano and Fennel could cause nthical %‘13 in Iziﬂxw\genic bacteria

(Soylu et al., 2007 & Kurt, 2007; Alwas ., 2013 2013). Ma@ells were found to

) &
be clustered, while the alterati %16 p@&c 1 st(’?oture would cause the
expansion and destabilisation%memgljiﬁ‘cﬁgmembrane fluidity, which
in turn would increase pasviperme'bili eak@ of various vital intracellular
constituents were also%t, such\'a 008§, }%&%Cleic acids, and amino acids (J.

Kim et al., 1995; N 1998; anderaéf 1998).
&

TEM r@\tha V.tch ?'tr with flavonoids fraction in Fraction 4 and

fraction %d d;a‘ ge as ri plﬂh§5}nd disorganize appearance of cell membrane,

detachmentsyfof cytopldsm fro@llular membrane, and outflow of intracellular

: )

c tuent in cells were obser\ved. The same observation also reported by Feng Xu

. (2019), where flavonoid treated Aeromonas were totally deformed, with loss of
Oysical integrity of cell membrane and led to the loss of cell constituents (Xu et. al,

2019) . Moreover, He et. al (2014) also observed from the TEM that E. coli treated
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with kaempferol indicated membrane disrupted, and plasmolysis where outflow of
intracellular constituents in cells (He et. al., 2014). The damage from ﬂavonoidw

bacteria cell, may due to flavonoids that interfering the protein synthesi@ng in

leakage of protein in damaged cell membrane (Zhao et. al., 2015) *

V. cholorae treated with Fraction 6 which primarily consi ted$hocyanidin,
were deformed with rippling appearance, disorganised c ace, cytoplasmic
released from the cell membrane, and cellular disintegration. Bhis ﬁrlhng was in line
with the research by Lacombe et al. (2010), which found thattlanthecya atlo%
cranberry concentrate led to localised disinte and irregul ‘n-lh‘? outer

member, including the leaking of cytoplasm L ombe ., 2010).

Furthermore, V. cholerea is specifically egaﬁ"}e erlum%nch regulates
permeability through hydrophilic charmwn as pori The@hannels allow the
nutrients of a relatively low mole wlght ) é&er the cell cytoplasmic
membrane (Nohynek et al., 2 »Jlhe irr n‘the shape supports the theory
of localised chemical 1ntera the ell n the membrane is penetrated,
smaller phenolic comp ould e;it dlsrupt metabolism (Kwon et al.,
2007). These SE n 11l1age onform@at Ajwa date extracts and Ajwa date’s
flavonoids fr exh 1t d erlal effect that cause severe damage to
membran , which™jis y cell death. Additionally, antimicrobial

p er the cellgeadily tlQe gh these lesions, which also facilitate leakage of
‘:&1 3
C

the\ tents, eventually re@mg in cell death
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