CHAPTER 2 :LITERATURE REVIEW (ﬂ\

2.1 Gastroenteritis Vz
2.1.1 Definition Y v

Gastroenteritis is a broadly defined term origi from the Gregk language,
1 2
where ‘gastron’ means ‘stomach’, and ‘enteron” means$y.small intestine Treregg , the
final meaning of this term is ‘inflammation of the s intest'pe and'the stxgnach’ (Al
N
ectious d oea or acute

S aﬁgastroenteritis as

quency, where three or more

Jassas et al., 2018). Gastroenteritis normally refersito acutc'

gastroenteritis. The World Health Or WH

4

a clinical syndrome characterised by increase WIT
loose or watery stools in 24 hours o
d

ral doose/ ry b \I movements exceed the
regular amount of daily bowel e erﬁjr m‘n\é%vith or without vomiting or

fever (WHO, 2017). ( ( Q.

g b
2.1.2  Epidemiol \ | NN %é‘/

NS
Gastro, Ms 1S he‘se éo infection, which causes death worldwide
i

%

s

ecti&é,/\vith estimated 4.6 billion episodes each year.

as a result WET respirato

In 2015, appr imate‘l‘ywz;ﬂlion?ases of gastroenteritis resulted in 1.3 million deaths

(H\ Wang et al., 20167@1:rthermore, gastroenteritis cases mostly affect the
éping countries (Bennett et al., 2014), as proven through the death cases occurring

Ohildren under five years old from the world’s poorest nation (Tate et al., 2012). Fatal

gastroenteritis cases mostly occur in low- and middle-income countries (LMIC).

Although fatal cases rarely occur in high-income countries (HIC), they are the leading



causes of emergency department visits and hospitalisation (Schnadower et al., 2015).
Diarrheal disease constantly affects developing countries, such as Asia and

where access to clean water, sanitation, and urgent medical care may be 11@’
2017). In Malaysia, there were 13.5 million cases of acute diarrhoea ar which
resulted in 234,000 outpatient visits, 70,000 hospitalizations, and 61%deaths in under-
fives annually (Gurpreet et al., 2011; Loganathan et al., 2016)

Children are a major group affected by gastroenter K:a y in developing
countries (Webber, 2009), as proven through the childre und 1 old who
suffer from two to four diarrheal episodes per year. T valenge o r‘h @ﬂong
children under five in Malaysia was 4.4% ( a,Kl 21z l 2018).
However, the mortality cases signiﬁcantly@t&? ye (Barr@z Fhogartaigh,
2017), while in developed countries, 1 @ 0.3 episo f d@ea occur on each

person, although it is still assoc1ate more t % IJK cases in the US each
year. To be specific, death 0% almost twi mlll@lldren annually due to
diarrheal disease. Moreov the aj ren is poor and living in a
resource-poor area (R% cquf‘u 13 d their immunity is a significant
factor of this disea mpare chlldr nd adults (J Eckardt & C Baumgart,

2011; Dennehy 01

Gast %tls c uld b ca{seej? many organisms, with viral gastroenteritis
Eo

mmb ?of dlﬁeal disease, followed by bacterial, parasites, and

L

Ql al gastroenteritis 1@’most common among children under five years old

d to older children or adults. This order is commonly transmitted through the
q l-oral route and starts from 12 hours to five days after exposure to the organism.
eanwhile, bacterial enteritis affects adults and children of older than two years old

and occurs through oral-faecal contamination, poultry exposure, or contaminated meat.

being t
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(Banyai et al., 2018; Dennehy, 2019). Bacteria also account for 80% of cases of
diarrhoea among travellers, while E. coli accounts for the majority case 0?&,
followed by Campylobacter, Salmonella, and Shigella (Bruzzese et a \). In
Malaysia, although the public health achievement is substantial, manag&of cholera
outbreak could still pose a challenge especially in Sabah state (Jikal WOI%.

The parasitic causes of gastroenteritis are uncommon cNalthy children in

developed countries, which also account for 1% to 8% of g e eriti‘ cases. Parasitic

iy’

infections occur more frequently among the recent immigsants, tr; Vwckcountry
[

and imm -4)@nised

patients. Notably, Giardia lamblia and Cryptospewidi pq{' tions are the most

2.1.3 Sign and Symptoms $ o >\y ? §

The main symptom OM enteritl 1arrh$$z§/Although diarrhoea is the

\
primary symptom of g roeReritis, others i(ial toms are including nausea and
ain Q

vomiting, abdominal p cram.Q 11(?&‘}{1? and chills, and loss of appetite.

The sym[&fo ac@ gast@:ritis and bacterial gastroenteritis are

including n@&ly arth. }(!mlﬁn%,} and fever. They are almost similar and

clinically, %ﬂngllis ble 0@, clinical features suggest that bacterial

gastronteritis, indicate thrc‘:ugh\ﬁzod and mucus in the stool, high fever (> 40°C),
&

a iated seizures, tenesmus, severe abdominal pain, and smaller volume stools,
curs among children ageing older than two years old (Dennehy, 2019).
0 Bacterial gastroenteritis diarrhoea can be classified as noninflammatory,

inflammatory, or invasive based on the effect of the enteric pathogen on the intestinal



mucosa. The noninflammatory or secretory diarrhoeas are characterized by low-grade
or no fever and diffuse watery non-bloody stools. Secretory diarrhoea is ca

enterotoxin-producing organisms such as Vibrio cholerae and enterotoxi coli.

While, inflammatory diarrhoea is often characterized by high fevers &r than 40
°C), dysentery, severe abdominal pain, and smaller volume stomysentery is

intestinal infection of the intestine resulting in diarrhoeal wit leucus (Willian

& Berkley, 2018) l
Parasitic infection normally leads to abdomina mpi g,Wdiarrhoea,

[
vomiting, and low-grade fever (Dennehy, 2019), whil us gastroe riﬁs @rises

symptoms of diarrhoea, vomiting, abdominal el na,‘. h rhagggnd fever

(Lamps et al., 2014). V 0\ g
Acute gastroenteritis normall&ﬁ) for less 14®$§-duration, while
al

persistence gastroenteritis occurs fc%e than ? ()Q'g‘h shorter than 30 day-
N\
duration. Chronic gastroenteriti% for 19101‘6 than30 @uration (Sattar & Singh,

2019).

fu@ are the organisms, which lead to

Viruses, &
gastroenteriti@

childrer@ﬂpe(} a i 3 ntries, with rotaviruses and noroviruses being
the most common (Pha iChl{I‘ @tto-Smith, 2003; Elliott, 2007; Dennehy, 2019).
5

B:'Wl gastroenteritis cases d\epend on the geographical area. In developing countries,

Cﬂ,e common causes of gastroenteritis among

occurs to more than 500, 000 infants and young children due to acute

throenteritis with the most common bacterial agents, namely Shigella and Vibrio

cholerae (Kotloff, 2017). Notably, the most common organisms in Europe include
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Campylobacter, Salmonella spp., Enteropathogenic E. coli (EPEC), and

enteroaggregative E. coli (EAEC) (European Centre for Disease, 2012; Sp1

2015). Meanwhile, in sub-Saharan Africa and South Asia, Shigella is the n@m {J.

Liu et al., 2016). A
2.1.4.1 Viruses Vz

Viruses are the most common causes of gastr K.ml developed and
developing countries (Webber, 2009). Among all the majog.enteri \wc:taviruses
tend to occur among young children, whereas noroyirases affect 14 0_@‘ ages
(Banyai et al., 2018). Rotavirus primarily affi chlﬂ d le&o severe

N

gastroenteritis and dehydration (Al Jassas 18).05\1‘ he ectloaé&. is virus will

alter the function of small intestine epithelial, which resultsy dla@%a (Ramig, 2004).

Furthermore, it is normally trans throug -0 T%'nsmlssmn hand and

respiratory system, or contam rface (De Q@ Meanwhile, Norovirus
commonly infects all ages ic ad1 e of foodborne disease and
gastroenteritis outbreq,ﬁi “1 rmally transmitted in crowded
places, such as pri Nhooll \§N i
(Al Jassas et al.£2018) Oth \3
Adenov1ru@pov1b-s;?

b 4
2.1.4. ria

g homes, and similar setting places

S
\Bacterial gastroenteritis is more prevalent compared to virus gastroenteritis in
loping countries and the peak of summer seasons (Farthing et al., 2013). The most
ommon bacterial enteric pathogens in developing countries include Escherichia coli,

Salmonella spp, Shigella spp, Vibrio sp., including Vibrio cholerae and non-01
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cholerae, and Campylobacter (Elliott, 2007; Galanis, 2007; Farthing et al., 2013;
Barrett & Fhogartaigh, 2017). In developed countries, bacterial pathogens only Tlt
for 2% to 10% of cases of gastroenteritis. Notably, Campylobacter is the @mon

cause of bacterial gastroenteritis in developed countries (Elliott,ﬁ& Galanis,

2007;Barrett & Fhogartaigh, 2017). q

2.1.4.3 Parasites T

Parasites are most common in developing cou s (F rth 2013)
Parasite gastroenteritis is mainly caused by a@an (eg. p’os a’zum,
Giardias, Entamoeba histolyca, and Blastocysti nis) afd nth @: Ascaris
lumbricoids, Trichuris trichiura, and Ne ir Ws) rthin l 2013; Al

Jassas et al., 2018). Cryptosporidium 1@6 main ca arrheal outbreak,

which mainly originates from cont ted sup gw @d swimming pool. It
N\

also leads to an outbreak due t%ductlon of sastazsfzcytes, which could resist

disinfectant (Krones & Ho },2012, assas cit%. 018).
dn\b’ children, they are frequently
&
5 %pﬁrasites leading to gastroenteritis are

uncommon 1n ly account for 1% to 8% cases of

gastroenterl Giardig ia @%16 USA, while Cryptosporidium parvum
NS
infecti e moﬁ M ehy, 2019). Although parasites are less common

g&lterltls parasites ca@ﬁse chronic gastroenteritis. Moreover, Giardias are

t% ificant cause of chronic gastroenteritis, which are normally found in the
m

inated water source, swimming pools, and day-care centre (Al Jassas et al.,

018).



2.1.5 Pathogenesis of Bacterial Gastroenteritis

The pathogenesis of bacterial gastroenteritis is related to the bacteri@o
overcome host defence. Although small intestines have an important fj % in the
smah’ntestines,

absorption of fluids, the enteric pathogen could alter the function of

which leads to diarrhoea. Different factors and mechanisms are associazd with bacteria

in causing diarrhoea (see Figure 2.2). These mechanisms incl ding the bacteria
inoculum size, adherence, invasion, and production of tox 1na ,JaRocque et al.,
2013; Al Jassas et al., 2018). To perform the manage M@rit%the
understanding of the pathophysiology of the disea ortant (Al as’etAt&Ol 8)

Number of
Invading Microbes

Portal of Entry
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Defenses

Fluid
Production
(Large and
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Host Cells Diarrhea

Ingestion of organism
or Preform toxin in

Gastrointestinal tract

N Y:
Figure 2.1: obial mechanism of pathogenicity
e
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2.1.5.1 Inoculum size

One of the most critical factors of the pathology severity is the in@ size.

This size refers to the numbers of microorganisms, which ingestion lea&variety of
diseases for every species, such as Enterohemorrhagic Escherichia sz (EHEC) and

Shigella. To illustrate, 10 to 100 bacteria could cause infection, whil€ the ingestion of
one million organisms for V. cholerae leads to disease (Re OYk.oc'ue et al., 2013).
Therefore, it is concluded that the inoculum size differs d on ewSRichards
& Douglas, 1978; Al Jassas et al., 2018). é ' -\Q}Y

4

Yv
2.1.5.2 Adherence Y- \ Y\./
>

In the initial step for the pathwaocess, SO rga@’fs must adhere to
gastrointestinal mucosa and comp%ith nor i gsti

a& ra to cause disease.
Adherence is also one of the %nt V‘l‘rulen -fac@elated to gastroenteritis.

N\
These bacteria adhere to intgstina pile m ¢ither t h pili/fimbriae, adhesins, or

invasive strategies. re, sp eﬁ-@ce protein is involved in the
4 $ &

attachment of bacte$ntestir swhich isimiportant as pathogenesis determinant.

ia havera di echa '§%’in establishing this adherence, in which

Different bacte\

|
they produce several ad t(fs aca‘grotein. These elements assist the attachment
NS

1 and&mote bacterial colonization and/or propagation
(Piz&erdé & Cossart, 20 G%én et al., 2014; Al Jassas et al., 2018).

. cholerae will adhere to the brush border of small-intestinal enterocytes via

6 ific surface adhesins (Al Jassas et al., 2018). The pili E. coli facilitates its adherence
()

the mucosal epithelial in a host-specific manner, while E. coli produces an adherence

of bacteria to the intgSti

protein known as colonisation factor antigen, which is essential for the colonisation of
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the upper small intestine by the organism before the production of enterotoxin. This is
followed by the development of watery diarrhoea (Stromberg et al., 1990; Bab A
2000; Ron, 2006; Regina LaRocque et al., 2013). Major adhesins FbBP-A%\freus
bind the ECM-associated fibronectin, cause the clustering of it, and tri intracellular
signalling (Ozeri et al., 2001). Shigellas have actin comet tail, which allows the
formation of bacteria-containing extension at cell membrane i&adb the adjacent cell

(Carayol & Tran Van Nhieu, 2013).

2.1.5.3 Toxin production ‘\do X

One of the most important virulence factess,in the develo of gastroenteritis

o tw,é‘n.eral classes,

iﬁc@enterotoxin leads

—

is the production of toxins. Bacteria toxin €euld,be g

namely exotoxin and endotoxin (Edae@o, 2019).

to watery diarrhoea through its sec% effects\thgm g{-a\ﬁ the small intestine

o N

(Dennehy, 2019). Furthermor%ry diarrho aoul<° cur through enterotoxin-
\9 nd Enter

os%genic E. coli. Cholera toxin

producing bacteria, such . chole
produced by V. cholerqt the" %é @port in the gut and alters the ion
secretion and abswwh@q chol@atery diarrhoea) (Dennehy, 2019).
SeveralQaKin f EMeoli duce(l'-;&f-labile enterotoxin(LT) and heat-stable
enterotoxir@gina ’La@ e 6%013). Enterotoxigenic E. coli produces heat-
labile e% in silﬁli"_() oleraé\otiin and causes secretory diarrhoea by the same
ady

m . It also leads to I@'table enterotoxin and diarrhoea by stimulating the

S

-

e
i%%l mucosa for the release of inflammatory mediators. Notably, the production of
névor

more exotoxins is important in the pathogenesis of numerous enteric organisms,

Q;ch as Bacillus anthracis and Staphylococcus aureus. These bacteria produce exotoxin



or pre-formed toxin, which leads to vomiting and abdominal cramp within a few hours

after ingestion (Barrett & Fhogartaigh, 2017).

2.1.5.4 Invasion : ,

Some bacteria, such as Shigella and enteroinvasive E. coli can in?de the mucosal

epithelial cells of the intestine. Following that, the bagcteriatend to multiply

intraepithelial and spread to adjacent cells. These o ists a
destruction of intestinal mucosa and dysentery, in whichihe passag

[
stools containing blood, mucus, and pus is often asso with feve b(b@ pain,

so lead to the

{._

all volume

and tenesmus(Regina LaRocque et al., 2013; F% igh, 20]Q§I~%wever,
although Salmonella causes inflammatory“diarrhéal thYug e invag:)f the bowel
mucosa, it is not associated with tHeadestruction o cyt@% the full clinical

. /Q@E invasive organisms,

N
tﬁesﬁnal mucosa to induce

syndrome of dysentery (Regina
such as E. coli could produce %\
an acute inflammatory }.

inflammatory media% olved

E. coli also can ce cytc]t wthey igié the intestinal mucosa to induce an

¢ 2 C.)

mediators nehy, 2019),

acute inflammatory actio? ing te‘j}%étivation of cytokines and inflammatory

o’ T

RN
-
N
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2.1.6 Common Bacteria Causing Gastroenteritis

2.1.6.1 Shigella spp

As

Shigella spp is a Gram-negative, non-motile, facultatively anaerob& and non-

spore-forming rod. The genus is divided into four serogroups with multiple serotypes,

g

namely A (S. dysenteri, 12 serotypes), B (S. flexneri, six serT, C (S. boydii, 18
a

serotypes), and D (S. sonnei, one serotype). The majority o cal;es occur among

children in underdeveloped regions, with S. flexneri causingythe OMC isease

N
in the developing country. The highly virulent Sh@produ ng y!en.éﬁ, leads
e b 5§

untréated ( Barrett

X
& Fhogartaigh, 2017). V ‘W
Shigella is the cause of shige 's.jlhe syste sy ms of shigellosis

N2 A
&

to an epidemic in developing countries and hig of mertali

include abdominal pain, headac ,%ry dia , an ysentery (bloody and

&=

scanty mucoid stools). Other 0 @e abdominal tenderness,

K\

vomiting, fever, and dehde*ﬁ. Keusch. hries & Linscott, 2015). The
t

P
infection is initiated bymi on of Shige ?V'a ecal-oral, while the bacteria will

invade the colc@thelief a

interdependen@ s ampli
¢

of inflam lements. itis @he rectosigmoid mucosa and concomitant

;ry
malabs@ eads & rac ic signs of bacillary dysentery, including scanty,

ause ‘miflammatory colitis. These are the

y the@l release of cytokines and the infiltration

N
unf tools tinged with bl@ and mucus (Keusch., 1996).

? Appropriate antibacterial treatment will shorten the duration of diarrhoea, fever,
0 reduce intestinal protein loss and pathogen excretion within one to two days. In the

case of severely ill patients, antibacterial therapy could be administrated intravenously.

Severe dysentery could be treated with ampicillin, trimethoprim-sulfamethoxazole, and
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4-fluoroquinolone, such as ciprofloxacin for the in-patients of over 17 years old.

Although vaccines for Shigella spp are not currently available, some pr?ﬂrg

candidates are developed. %\
2.1.6.2 Salmonella spp Y.
a

A
Salmonella spp is a Gram-negative and flagellated facultative anaerobic

A
bacillus, which is characterised by O, H, and Vi antigens. Over 2,500 serovars are

l
] y
currently classified as separate species (Giannella., 1996; Brenner et al., 2000; Popoff
&« T I oT*'X
et al., 2000). Because of the diversity of the genus, several isolates m.? be cl_lf\llcnging

- We—

to identify due to atypical biochemical reactlons S. enterica var. T} yphzmunum and S.
W

S
enteritidis are common gastrointestinal patho % ns worldw1de with a{prommately 94

: L,
million cases of non-typhoid Sa/monella %str_oenterltls and 115, S\(B deaths (Majowicz

a - S ﬂ“ \\
et al., 2010). In developing countries, particularly the Indian subcontinent, typhoidal

NS

isolation leads to the majorlty of dlsease w1th an estimation of 21.6 million cases yearly

w‘
and 216,500 deaths (Crump et al 20042 N
A -

Salmonellosis ranges clinically from the common Salmonella gastroenteritis
“'n’ F
(diarrhoea, abdominal cramps, and fever) to enteric fevers (including typhoid fever).
AN ' O <
These types of fever are life-threatening febrile systemic illness, which requires prompt

N e DU Y

antibiotic therapy and causes focal infections and asymptomatic carrier state. The most

) N

common form of salmonellosis is the self-limited, uncomplicated gastroenteritis (P. H.
NV . of

Black et al., 1960; Giannella., 1\996 Shimoni et al., 1999; Humphries & Linscott, 2015).

; Pathogenic Salmonellae ingested in food survive passage through the gastric

\a?cid barrier and invade the mucosa of the small and large intestine and produce toxins.

\The invasion of epithelial cells stimulates the release of pro-inflammatory cytokines,

which causes an inflammatory reaction (Finlay et al., 1989). The acute inflammatory

20



response leads to diarrhoea, ulceration, and destruction of the mucosa (Giannella.,

1996), while the spreading of bacteria from the intestines leads to systemic disease.™¥

AN

Provided that there was no evidence that antimicrobial shortens the duration of

disease, antimicrobial therapy is normally not implied for non-typhoidal Salmonella

——
gastroenteritis (Ashkenazi & Cleary, 1991; Fasano, 2000). However, antibiotics are
Ay
recommended for high risk of invasive disease among patients, including children of
A
younger than three months, and patients with immunodeﬁcienc%, hem?globinopathies,
] y

HIV infection, and chronic/severe colitis (Ashkenazi & Cleary, 1991; Fasano, 2000;

Y‘Y'

Armon et al., 2001). ' _\

2.1.6.3 Diarrheagenic Escherichia coli ? Y\.’
Escherichia coli (E. coli) aam nega ac@é of the family

Enterobacteriaceae. E. coli is a ty ember\r&r al Ta\ln the large intestine
when these bacteria do not a emerﬁ encoding f(@rulence factor. Virulent

strains differ from nonvirul s of éenetlc elements for virulence

factors (Doyle & Do
virulence factor (s @e 2. 2)‘
For gastroente s, S maj

(ETEC), e Es oge ic E C{ e tg?oaggreganve (EAEC), enterohaemorrhagic
1

6) F ll possesses a broad range of

\Nould egorlsed into adhesins and exotoxin.

s of oll are present, namely enterotoxigenic
(EHE eroifivasi ?'IEC’% coli, and Shiga toxin-producing E. coli (STEC)
(M t al 2015). >
S
hile EPEC constantly leads to watery diarrhoea, particularly among infants in
loping countries, ETEC causes this disease among young children and becomes the
ost common cause of traveller's diarrhoea. Furthermore, although E/EC epidemiology

is almost similar to EPEC, the symptom may range from watery diarrhoea to invasive

21



dysentery. Furthermore, EHEH, especially E. coli 0157, is the most common and

important serogroup, which leads to a major outbreak in developed countrie S

infection is associated with the life-threatening haemolytic uremic synd@US),

which manifests as acute renal failure, microangiopathic haemolyt mia, and
thrombocytopenia among infants. While EAEC cause chronic diarrhoga in children in
developing countries. STEC is primarily caused by ruminantg ie.lg., ow); inadequate

sanitization, faecal contamination in the river and stream sufficient control in

meat and food industries lead to watery diarrhoea. ’ ‘\d
- o *.\T

E. coli transmission occurs through the faecal-oral route. Pili/fimbriae allows
| T ">
bacteria to colonise the ileal mucosa, while cytotonic enterotoxins (encoded on a
\\ & V"
plasmid or bacteriophage DNA) induce watery diarrhoea. Plasmid-encoded invasion
Y & L
factors lead to the invasion of the mucosa, while the plasmid or bacteriophage-encoded
) h

- <N ™ A
cytotoxic enterotoxins lead to tissue damage. The %resenqe of either of these factors

N . N

leads to host inflammatory reaction and an influx of ly@phocytes, which lead to
N _\:Q

dysentery (Doyle & Dolores, 1996). This*enteric pag is treated symptomatically

unless when dissemi ease olcur The\»vitro susceptibility test guides

antibiotic therapy. itionallr \ppropri fection-control practice is used to

reduce transmission (Doyle

s, 196%(4urray et al., 2015).
¢ ‘,' C,)
O

(a)
&
S
O
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Table 2.1: Specialise virulence factors associated with Escherichia coli

Bacteria Adhesins Exotoxins

Colonisation factor antigen | Heat labile toxi
(CFA/1, CFA/IL, CFA/IIT) | 1), heat-stab\&u
(STa)

EPEC BFP; intimin ?
EAEC Aggregative adherence ative

fimbriae (AFF/I, AAF/II,

AAF/IID)
EHEC BFP; intimin
EIEC Invasive plasmid antigen

Uropahatogens | P pili; Dr fimbriae

BFP, Bundle-forming pili; ETEC, enterotoxigenic E. coli;

enteroaggregative E. coli; EHEC, enterOhaemOrrhT . EQ
X et

e:( M al,, 2015)

(<

2.1.6.4 Campylobacter spp

Campylobacter specie

microaerobic. This species

carbon dioxide levels% i ! , special culture conditions are
required for the recoyery of t i a clinical sample (Murray et al.,
2015). Furthern% mp te gastroenteritis with diarrhoea, fever,
nausea, abdor% i iti aser., 1996), and mainly leads to the most

common’ causehof bagt troen@tis in the United States (Murray et al., 2015).
4 e
The bacteria colonise the small and large intestines, causing inflammato

diarrhoea with fever, as indicated through the stools containing leukocytes and blood.
However, the role of toxins in pathogenesis is unclear. Campylobacter enteritis is

ormally a self-limited illness, where antibiotic therapy is not required. Antibiotic only

reserved for a patient will lead to severe illness or high-risk clinical circumstances
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(Freeman & Wilcox, 1999; Fasano, 2000). Therefore, prevention and control of the

illness remain fundamentally important.

2.1.6.5 Vibrio cholerae 3 )

Vibrio cholerae (V. cholerae) is a curved, motile, gram-negative rod with the

single polar flagellum. It is subdivided into more than 200 serogroups, with serogroup

01 being further subdivided into serotype (Inaba, Oga ojiTa) and biotype
(classical, EI-Tor) (Murray et al., 2009). \d
[
| . | AN Ng
Cholera is endemic in developing countrie ticularly a,'Aﬁep, and

Central and South America. According to eti\ﬁa' Ove@z billion
N
ev

individuals worldwide are faced with the 0 dein hole h year, with

approximately 2.86 million and over &h)
2015). The most endemic cholera i\%

Although V. cholerae i iné-tolerant, itis sensitive to acid and is eliminated

in the stomach. However, vi mrvil
bowel, and secrete th%- cholera ent ot!)xib‘l‘ his toxin binds to the plasma
g

:

membrane of int%pither \eH&and % es an enzymatically active subunit,
ise i cy

ch sine é‘fonophosphate (cAMP) production. The
¢

which leads to
NN s
high intrace %AM leads tﬂ'e ]t'-g)h secretion of electrolytes and water into the
NS
intestin% (FinKelStei 996)&

e infection of V. chol leads to cholera disease, which is indicated through
lergé

p XWatery diarrhoea without abdominal cramp. This symptom leads to severe

& dration and electrolyte imbalance. Furthermore, the hypovolemic shock could

ccur in four to 12 hours unless if a rehydration therapy is provided (Pickering, 2000).

Notably, oral and parenteral rehydration is highly important for the restoration of fluid
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and electrolyte abnormalities. Antibiotic therapy has been shown to eradicate vibrio’s

and reduce the duration of diarrhoea and the amount of fluid loss (Fasanovw

Pickering, 2000). (ﬂ\
2.1.6.6 Staphylococcus aureus Y.

Staphylococcus aureus (S. aureus) is a gram-positive, fecult e anaerobe, and
a

coccal (round shape) appearing in a grape-like cluster. Al :lreus consists of

common commensals of skin, it is one of the primary mo ftra m‘thde aureus

'Y

food poisoning enteritis. Provided that human is thelpfimary sourc e’o _pél)lsm is
present in food through cross-contamination. se% reu@ood will

produce stable heat enterotoxin. g

S. aureus produce varieties (\D(e .25 Sta 000(@ enterotoxins and

staphylococcal-like protein) which %nstrate an p@xmetlc activity. Food
poisoning and intoxication cau 1nge ion puef heat stable enterotoxin.
Symptoms are rapid onse L sta N) nausea, vomiting, stomach

cramps, and with or Wi% rhoe} g lr'llet\h 2010). If the toxin remain in the

small intestine, n&:g to 10n g_xwelling, including abdominal pain,

y d fe@g Murray et al., 2015). Provided that S.
¢

aureus enteﬂi ' c IJ t(ﬁtr?productlon, proper hygiene and sanitisation
are cru% 01dlﬁg ontamgation. Treatment for S. aureus is by supportive

trea; which based on oms, including fluid and electrolyte replacement

( Mnd et al., 2006).

S

cramping, diar
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2.1.7 Management of Gastroenteritis

Bacterial gastroenteritis is rarely required for hospitalisation, ¢ ceR for

significant dehydration, severe disease, and specific co-morbidities, Whics %crease
by

the disease complication. Meanwhile, mortality is commonly caused hydration
among individuals of young ages or the elderlies. The current su% r the treatment
of acute infectious gastroenteritis includes a symptomatic trea?, hich consists of

oral rehydration and early reintroduction of food. Anti-in gkptlons such as

antibiotics and antiparasitic are available for the treatme cterl 1t10

causes of gastroenteritis. However, the use of this is'not always hl‘gh&t@ often
unnecessary, and should be avoided in some c Y‘

2.1.7.1 Rehydration Therapy %V 1

o

A
Rehydration is the most p 1 d treat ? g s& nteritis. World Health

n e,
Organisation (WHO), The An\n cademy of ae'ﬁlaqg&' (AAP), and the European

Society for Paediatric G erology He atolc‘@\ and Nutrition (ESPGHAN)
REN:

recommend oral rehyd% ution (ORT &, tment of choice for children with

iti \develé" and developing countries. This

efults @many randomised and controlled trials,

mild-to- moderat enterlfls

Q..

recommendatlo ba on

¢

arge me?—a alglvseUGastroenterltls 1996; Bresee et al., 2003).

including

is t{e cost= fectlve method to reduce the hospitalisation
re
\owever, ORT is contraindicated in the initial management of severe
hydration, children with paralytic ileus, frequent and persistent vomiting (more than
four episodes per hour), and painful oral conditions, such as moderate to severe thrush.

Therefore, intravenous rehydration is required (Anigilaje, 2018). Breast-feeding and
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formula-feeding should be provided for infants, while the recommence of regular

unrestricted diet should be recommended in all cases when dehydration is cw

(Fhogartaigh & Edgeworth, 2009). The lactose-free formula may be re@r an

infant with severe gastroenteritis until mucosal recovery after two Wesz\

2.1.7.2 Nutrition \}

zd. Iluminal contents

Normal diet is recommended when dehydration is

rehydration has been shown to shorten the durati isease? Childfen cq@?onsume
n fO@’lth complex
carbohydrates (e.g., rice, wheat, pota\% , ), l@neats, fruits, and

vegetables while avoiding fatty foo%

f—}
2.1.7.3 Empirical Antibioti py A&
S

The antibiotic t be ro inel rB for patients with uncomplicated

gastroenteritis. @ in df g the; 1cal or epidemiological clues to a
, Stich

causative patho n as‘tho 'an otbj&éak setting, antibiotic could be provided

for severel e pat nts ct d invasive disease or sepsis. Furthermore,

3

hlgh -1is ups demd )hat de&dratlon has serious consequences, which include
tra dlarrhoea (Fhogar@ & Edgeworth, 2009; Shah et al., 2009; Barrett &
igh, 2017). Antibiotics treatment can also be considered for premature infants,

ts younger than six months old, immunocompromised individuals, children with

ronic illnesses, patients with Clostridium difficile-associated pseudomembranous
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enterocolitis, dysenteric shigellosis, or cholera (National Collaborating Centre for &

Children's, 2009). T
Fluoroquinolone, such as ciprofloxacin, is a preferred option f%ﬁ\ncal

therapy in the most setting. However, the increase in resistance, ifically in
Campylobacter, non-typhi Salmonella, and Shigella spp leads to the uge of macrolide,
which includes azithromycin (Marcos & DuPont, 2007; Fh & Edgeworth,
2009). With the lower association with the drug compared tnfs azithromycin
shows better safety profile for children and pregn wonien artalgh &

Edgeworth, 2009). The present data suggested that%ts with ha r‘h ‘gﬁohtls
ighe ibility

secondary to EHEC, including E. coli O157: H t@/elop the

ts W&’\; antibiotic.

ese %nts unless when

complication of haemolytic uremic synd e on

Therefore, antibiotic use should genm avoided 1

toxicity or secondary bacteraemla i urln\olz”c i

2.1.8 Adjunctive Managen&E ¥ %
Antimotility (i.es lopgamme) a‘d an 1i1rr 1.e., kaolin-pectin) may be used
1arra

W€:/ hlS treatment is contraindicated for

in non- 1nﬂammatory ain lt.

the treatment of ga tro erlt chll@aecause it increases the risk of adverse
effects, 1nclu s rowsi ?lan(f-glusea The anti-nausea and antiemetic drug
(e.g., 0 ) ma be ovide facﬂltate the tolerance of oral rehydration in

childr der than our ye s%ld and control nausea and vomiting, which are
&

te with acute gastroenteritis in adolescents and adults. Moreover, the supply of

sists in the management of gastroenteritis, especially among children.

oc, mult1v1tamin, probiotic, and complementary and alternative medicine (CAM)
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2.1.8.1 Supplementation Zinc Therapy and Multivitamins in Chlldren\z

Gy

As an adjunct to ORT, routine zinc therapy is beneficial for am reduction
of severe gastroenteritis and diarrheal episode among children in develOping countries.

The supplementation of zinc sulphate in recommended do.iﬁs rediced the risk of

diarrhoea in the following three months and non-accident ath by fO% Therefore,
the management of diarrhoea in malnourished childr d pérsi a.rrhoea is
important (Farthing et al., 2013). ' _\ Y'
Children with persistent diarrhoea sho ve suﬁ)l ary Itivitamin
and minerals. These supplements offer ra e 0 Vltam nd minerals,

including a minimum of two recomm& y allowan RDé%f folate, vitamin
A, zinc, magnesium, and copper ( 2005). \'mg %Cen proven to shorten

the duration and severity of di chiﬁren 1 am&;é? Fawzi, 2000; Kheirkhah

et al., 2016). A
| c,;?' Kir

2.1.8.2 Probiotic

NG
Problotl\&uppl \Qﬂtalﬂé’ live microbes, which normally include
bacteria or i%n some cas tfe t{}nl robes are used to prevent or treat symptoms

of infi iarrhdi ral hshed meta-analyses of controlled clinical trials
d the use of pr0b1@ésp601ally Lactobacillus) in the treatment of acute
% us diarrhoea in children. The mechanism of actions is strain-specific, as proven
ugh the efficacy of some strains of lactobacilli (e.g., Lactobacillus casei GG and

Qactobacillus reuteri ATCC 55730) and Saccharomyces boulardii. These probiotics
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are useful in reducing the severity and duration of acute infectious diarrhoea among
children (Allen et al., 2003; Szajewska et al., 2014). T

The oral administration of probiotics shortens the duration of ac@rheal
illness among children by approximately one day. Possible mechani ction for
probiotics include synthesis of antimicrobial substances, competitiWh pathogens
for nutrients, modification of toxins, and/or stimulation of nofspecific immune
responses to pathogens, which facilitate their clearance ( ?a?., 1003; Szajewska
et al., 2014). A recent meta-analysis recorded that probiotics might b i‘ve for the
prevention of Clostridium difficile-associated diarrhi mong pati Wh&%eived
antibiotics (Johnston et al., 2012). Despite th ati% ioti s?;sisted in

the prevention of C. difficile-associated disrhoga (CDAD), it was n@roven that the

probiotics were effective in treatiﬂ@
adjunctive therapy when combine% standar '%0 i

@ S

d
2.1.8.3 Complementary an&Enative dicine A&
oy

>

Complementary %;ativc} Igil%ntl (G@l) for the preservation of health,
disease treatment@ventiin
and patients Wiw ic disease:

\ftsnently gxdprevalent among healthy individuals
¢

be ineffecti %ad tg unde aﬁe @cts, or less effective but safe for patients.
Qf _ N
@

=
Q
-
e
=
Q

astroé}%‘f'itis cases, the available treatments could

Howev 1s featur ad toconflicting advice, different prescribed treatments,

L

irect and indirect c@(Lane, Dalton Iii, et al., 2009; Lane, Weidler, et al.,
i%\oi ekman et al., 2015). In this context, the highly prevalent use of complementary
ndvralternative medicine (CAM) could be observed among patients suffering from

Q;astrointestinal disorders.

and
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Approximately two-thirds of the population in developed and developing
countries were reported by WHO, including the important role of CAM and its (?m
in the prevention and promotion of health for a large proportion of th% ation
especially in developing countries (World Health, 2001). The UQ&CAM in
gastroenteritis normally involves homoeopathy, nutritional th&; Ayurvedic
medicine, herbal medicine, and Meditation. A systematic review found that Potentilla
erecta, carob bean juice, and herbal compound preparation X:iclm'a chamomilla

in the treatment of diarrhoea. It was also proven tha permintseilfteduced the

[
duration, frequency, and severity of pain a children fferi \from
undifferentiated functional abdominal pain, al 10_sefio ers@bact was

\ Y
reported (Anheyer et al., 2017). V 0\

2.2 Plant as an Alternative Medich O

NS

Humans have been using a Qs agnedicing'si c@middle Paleolithic ages
7]

of approximately 60,000 yearM Fabwﬁarn@fh, 2001). In ancient times,

N

leaves, flowers, stem bergs, and #ots elu@l health care for therapy and

medicine. These plant ed% eaf.éhe form of crude drugs such as teas,

powder, poultice@her erb rmu@s (Balick & Cox, 1996; Samuelsson,

N
2004). Notal%\lici al#pl f!m&q’ he dominant form of medicine in most

=

<

countries %(rer ‘t‘h e fourth of tlie world population primarily depending on the

plant- &oducts fo thel{ da.@}ﬁealthcare (Barrett & Kieffer, 2001).
S

Bearberry and cranberry juice were reported as the threats to urinary tract

ection (Raz et al., 2004), while lemon, garlic, and tea tree were identified as the
Omd-spectrum antimicrobial agents (Heindrich et al., 2004). Some plant extracts with
high medicinal value include the leaves of Glyphea brevis, which are used to treat
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hepatitis and intestinal diseases (Noumi & Yomi, 2001). The extracts of roots, seed, and
stem barks of Monodora myistica are used to treat scabies, malaria, helminthiaw
dysenteric syndromes (Okpekon et al., 2004). Date fruits (Phoenix a’a% ) are
consumed for dietary and medicinal use and the treatment of ailments
(antimicrobial, anti-inflammatory, gastroprotective, anti-cancer, an(Wti:xidant) in a
wide range of traditional systems of medicine (Baliga et al., 2 N

Many plants used as traditional medicine have n %Vz'lidated through
numerous scientific researches. The bioactive compoundsyof the lwolated for

‘aX
lant leads he’ is@on of

inj@ um @uelsson,
. . o
2004; Balunas & Kinghorn, 2005). V 0\

2.3 Ethno-medicinal of Selected PMentioQ OKQran and Hadith

&
Treatment using medicina Q has Bleen ;r orm(%‘since the early stage of
X’

q
S are&%d in two ways, namely the
\

rough medicine (Saheb et al.,

direct use in medicine. Drug discovery from medici

early drugs, such as morphine from cocaine, co

human civilization (Malik.20N slam

cure of soul through p ersind the cure of’ai

2019). Currently, natural r. edie% d f;é}()% of the world population, mostly

developing coun@ri"ﬂ@\care @0 cultural acceptability, ease of access,
and affordabi@Se 1 %2}!3).‘-%1&&0& natural products mentioned in the
di

Holy Q %ﬂ H‘a‘ ecéived attention from botanists, biochemists, and
pharmihts, leading to

e
f':rthir‘;ésearch (Wani et al., 2011).
S

%

Various plants are mentioned in the Holy Quran, such as date palm, onion,

1c, pomegranate, olives, barley, figs, squash, and grape among others. The Prophet
QEUH) used certain herbs, recommended various plants as a cure for common
diseases, and frequently commented on the nature and value of various food and spices.
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He also recommended some food, such as dates, olives, fig, pomegranate, black seeds,

The Prophet Muhammad (PBUH) stated, “Stomach is the ;f disease. Diet

grapes, and many others for alleviating several ailments.

2.3.1 Date Fruits as Mention in Quran and Hadith

is the main medicine” (Surah Al-A'raaf, verse 31). There b¥ a long history of the
use of plant-based food for human ailments. In contras entional medigine, which
is mainly based on worldly acquired knowledge ¢Aqli), the [Prophet lMﬁPgE?nad

practices are more focused on holistic medicine, speifically Ehe 0 ledge?f religion

or revealing knowledge. The Prophet recommengd cert , suchias{dates, olives,

pomegranate, black seeds, grape, a@omg 0\16

ailments. Well known for their prescience, t fi
modern research explored on thei Qnsﬁor h
é q Q

oy
Sunnah (propheti traqtion) ad,ocat tl?e @. ate use of food as medicines for
ala

many centuries, which ser% If; ors to the principles of modern

treatment. Accor@rou@mma BUH) stated, “The one who sent down

N
the disease s@n the rém 2 d ﬁ)g'e)ach disease, Almighty has given a cure.”

People a e%aged se (J
Koo

r Egs and use them with skill and kindness (Saad et
al., 20

as tr‘thent of several
igmted centuries before
eah@(Syed, 2003; Deuraseh,

2006).

/

4
followin statem@om the Prophet (PBUH) was narrated in the Sahih:

S
E\ "Whoever ate seven Ajwa dates in the morning, will not be harmed
0 by poison or magic the rest of that day."
Among all the food mentioned by the Prophet Muhammad (PBUH), dates are
the most preferred food, which is also frequently mentioned in the Quran and hadith.
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Dates are constantly described as “Al-Atyaban”, which means wholesome, nourishing,
beneficial, ultimate, and complete food for survival. From the Islamic perspectl
are mentioned 20 times in the Quran through several terms, such as nak akhl,

rutob, and nakhlah, which indicate the best food for humans, as stASurah al-

An‘am verse 141: q

"It is He Who produce the gardens, with trellises an ut, and

dates, and tilth with produce of all kinds, a
pomegranates, similar (in-kind) and diffegent (i
their fruit in their season but render the that ar

day that the harvest is gathered. Nev SS,

for Allah lovetc wasAs. '

1§ regommended, as shown

A

As a fruit known for its n 1& ient valu d
through Rasulullah S.A.W’s statenients”threugh the at16§0f Hazrat Abdullah bin

Umar R.A, \ &

"There is a % g

' N
ees, hikhﬁ&mllar to a Muslim (in
goodnessINlLs leave.i all. Whatds that tree?” The Prophet

£ &

S. A f sa lS the palm tree.” (Faroogqi, 1998)

@rspe ive'of the P;&.ﬂetlc tradition, more than a few authentic texts
of tw regar fons tion of dates are present, which reveal that dates
ed as the leading fo’o&%f fruits chosen by the Prophet daily.

3
N
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2.4 Date Fruits (Phoenix dactylifera L.)

2.4.1 Background Q

Date palm is a plant belonging to the genus Phoenix. The botani ci m for the
dates (Phoenix dactylifera) was derived from the Phoenician word ‘Phoenix,” which
means trees. Following that, the word “dactylifera” originates grom Ze Greek word

“daktulos”, which means the radius reflective of the fruit (Bi 009). The Arabic

word “nakhl” refers to the date palm tree, while the wo @? the fruit
Notably, the date palm (Phoenix dactylifera L., Aregaceae)s one of dest Rl-ants

1a, ﬂ/lft}d.le East,
Y-

he day-to-

cultivated on Earth and widely planted in hot a climates

Africa, and Arabian Peninsula. This plant is an tmport

day lives of people from the aforementloeM

al., 2007). Fruits of the date palm are the rces 0

A
Saudi Arabia, the Middle East, a; ou A(? tries. a‘%ilarly, dates constantly

play an important role in the %ople from these regions.

2.4.2 Stages of Gro mturjy of Date @Fl‘lﬂt

4 t
\rprlses s l stages, namely Hababouk, Kimri,

The deve%of dafe
Khalal, Rutab, d ar ( i

¢

iet al(’g 05; Al-Farsi et

le f(Q in the kingdom of

& L 08) The appearances of date fruit in the

liglte} .2. Many studies characterised the physical

first four st 1llu rated
\
and che ;tange; urrec& dates as they passed through these stages (Al-

Q arshall, 2002). \c}’v

ababouk is the first stage of the date development, where the unripe dates are

Q ea size with a weight of approximately one gram (Baliga et al., 2011). At the Kimri
t

age, the moisture content of fruit is considerably high (85%), while the size, weight,

and sugar content of the date increase. Furthermore, the fruit colour begins to turn
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yellow or red at the end of this stage based on the data variety. At the Khalal stage, dates
are red, pink, or yellow with a hard texture. As the moisture content of fruit d@v!s
gradually, the sucrose starts to be converted to reduced sugars (glucose a%\ose).
Notably, the sucrose conversion occurs at a high rate in some varieties, While the fruit
is palatable (Al-Farsi* & Lee, 2008). The moisture content of fruit at??utab stage is

35%. The fruit tip begins to turn brown as the date loses its wei mo moisture loss.
ez

Moreover, tissue softening and skin browning also take follrwed by further
conversion of sucrose into glucose and fructose. It is wort WS are sold

X
fresh. At the Tamar stage, dates are thoroughly @n 20%/mo re’ c@t and
entirely ripped (El-Sharnouby & Al-Eid, 2009)Y_ \4' \,‘T
Y QT

Hababouk Kimri Khalal Rutab Tamar Tamar Tamar
(Farad)  (Khajur soft) (Khajur hard)

Figure {g%es Fgr'g\\halan({ cn%liﬁrity of date palm fruit.

(Q% Source: (Baliga et al., 2011)
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2.4.3 Nutritional Composition of Date fruits

Dates are good sources of energy, vitamins, and a group of elements, incldding
phosphorus, iron, potassium, and a significant amount of calcium (Hafi 980;
Anwar-Shinwari, 1987). The chemical composition of the date demo&s that the
date flesh is an important source of sugar (81% - 88%; mainly fruct¥:glucose, and
sucrose), dietary fibre (5% - 8.5%) and a small amount in, fat, ash, and
polyphenol (AlHooti et al., 1995; Al-Shahib & Marshall, 2 -Falti et al., 2007).

A

| &

The major nutritional constituents in d?ﬂ carb& 3 incYe.I\d%:g simple

and complex carbohydrate mainly consistt crose,| glucose, fi se, and a small
nd

2.4.3.1 Carbohydrate Content

number of polysaccharides, such as s cellul (Al-l@i* & Lee, 2008).

=\
Sucrose is completely inverted wlucos \"u @ at the Tamar stage

6

(Manickavasagan et al., 2012 total sugar in.dafé p@ﬁuit increases as the fruit

ripening progresses from th&Kamr1 to Tamargstage, f_@wed by its increase from 3.4%
|

to 7.7% in the Kimri s from 43.40¢ to 87.54% in the Tamar stage (Al-Shahib

Y

& Marshall, 200@%@1., 2OJéJ
&

2.4.3.2 Fatt@Co tef§ ‘.' C—,(J
O

Qv NN
wesh c{n(‘y'ljfdtty @w, which are mainly concentrated in the skin

(1\/\ asagan et al., 2012)\&56 fatty acid content in the date flesh from the varieties

i rent regions was studied by many researchers (AlHooti et al., 1995; Al-Farsi et

0 2005; Al-Farsi et al., 2007) who found that the oil content in flesh was low and

varied from 0.1% to 3.25% of the fresh weight. The major free fatty acids identified in
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date flesh oil in order of abundance were caprylic acid, linoleic acid, lauric acid,

pelargonic acid, and myristic acid (Manickavasagan et al., 2012). Y’

2.4.3.3 Vitamin Content T

The flesh of date palm is an important source of Wati-sol vitamins. Date

contains a minimum of six vitamins, such as C, B1 (thiami riboflavin), nicotinic

acid (niacin), and vitamin A, which was found in date pa it (All- Marshall,
Yy

2002). Vitamins A and C were found in relativ@oncen ati i1‘ d@ dates
(Manickavasagan et al., 2012). T \" .\,T

2.4.3.4 Mineral Content \ O
\ _\
&
Q
Date palm fruit is rich in miner%as a proportion of &sium of 25% higher than
e

the proportion found in b lie t al., 20é. ased on a range of studies
alm

observing the mineral %ﬁ f dati‘ V}as!l, ?&as found that potassium was the
most abundant mi with @ qu@ of calcium, sodium, phosphorus,
magnesium, iroé cop 'man@ée (Ahmed et al., 1995; Al-Farsi et al.,
2005; Ismai %2008 y n a;., \(‘)?, Chaira et al., 2009). The mineral content of

date pa% asedfo ? stu%. 1s presented in Table 2.3.

A\ &’

—=
r
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Table 2.2: Range of mineral composition of a date fruit from different cultivars

Mineral Composition (mg/100 g) 4
Potassium 400-1160 ~

Calcium 15-90

Sodium 3-290

Phosphorus 60-10
Magnesium 50-90 i
Iron O.N

Zinc
Copper 1823

(2008).

Data based on Ahmed et al., (1995); AlFarsi et al., (2005 il et al.,)(2006); Khan et al.,
o
Y
,é\ | S
2.4.4 Phytochemical Composition of Date i 4 .\Y

Phytochemicals are secondary plat lites%‘r integral cel‘k%r components,
mo

which also have gained increased N
A
clinicians due to their antioxidan %y, chole\olgo e@g properties, and other
% )

of c@, prevention of diabetes,

potential health benefits, sucl\ €MOpF.
and cardiovascular disease?by ochr\ a alys@sf the date plant showed the
presence of alkaloids, %, flavonoids, e?)lls,g tannins.
\ &
Date fruit&cNenowre the nce of many classes of bioactive

components, s1&as arote

Iioly enols mainly phenolic acids, isoflavones,

lignans, andsflavonoids, fan nd @ls (J. A. Duke & Beckstrom-Sternberg, 2007;
Al-Fars e, 2008 ,‘?20' A. %T_khe, 2017). Several published studies are related to
the al composition of di.&?r’ent varieties of dates grown in different parts of the

WO 1-Farsi et al., 2005; Liolios et al., 2009).

0 The quantity and composition of the phytochemicals in date fruits vary widely

depending on the date varieties, including the stage of maturation, storage, postharvest

processing, the extent of hydration, experimental conditions used for the analysis, and
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the geographical origin of the dates (Al-Laith, 2009; Amords et al., 2009; Al-Turki et

al., 2010). It was reported that date experienced the loss of total carotenoids (up W)

and anthocyanins (93%), including the increase in total phenolics (22% @ and

phenolic acids (64% - 107%) upon significant sun-drying (Al-Farsi et al’; 5).

2.4.4.1 Phenolic acids Vz

Phenolic acids constitute one of the main classes o OCary'metabolites and
have been a subject in studies in recent years. Theseacids orwroxylated

o
irectly or i 'rd:t%g\hem.

as% def@ against a
'vit P, (2005,&};‘;1ysis of the

phenolic profile of seven Algerian\et' of date, it#was é%d that the acids
j@mic acid derivatives,

consisted of p-coumaric, ferulic %napic ac\,s%e
": y N
'Ocaci2§)

According to Al-Fa } (2([ , studies W'bﬁree varieties of Omani dates
demonstrated the pr%z both "f uejé.t&c@huic acid, vanillic acid, syringic

acid, and ferulic %nd bolu olic %Qd (gallic acid, protocatechuic acid, p-
hydroxybenzoic acidjpvanillic 2ei caffeiC} d, syringic acid, p-coumaric acid, ferulic
r N IS
acid, and -%aric cid). on ative studies with fresh and dried Fard dates
\
demo%that alsigni ?nt irm&lse in phenolic content led to drying due to the

de ion of tannins and @étion of degradative enzymes at higher temperatures

benzene ring with one or more carboxyl groups atta

Similar to other phenolics, these acids are beli

variety of pests and pathogens. Based

Q

and three different isomers o eoyl‘éhiki

\si et al., 2005). Chaira et al. (2009) recently observed that among the common

0 e cultivars of Tunisian, the Mermella variety was the lowest (5.73 mg/100 g fresh
w

eight), while the Korkobbi variety showed the highest phenolic content (54.66

mg/100 g fresh weight) (Chaira et al., 2009).
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2.4.4.2 Sterols

T

Sterols or steroid alcohols are the subgroups of steroids with a hy@roup

at the three-position of the A-ring, which are also amphipathic lwown as
phytosterols, the sterols of plants possess myriad health benefits (L%.et al., 2009).
Based on Kikuchi and Miki’s (1978) analysis of the ster Mte fruit, it was
observed that the sterols comprised cholesterol, ca &

1, 'tigmasterol, B-

sitosterol, and isofucosterol.

[ ]
X
. {\ | .S
2.4.4.3 Carotenoids
4 b

N
il
ts ao@mparts bright

rce %itamin A, which

protects the cell from the delet% effeﬁ(&e d@s by functioning as
% 2>
Q

. Studies alsor de@n trated that certain dates

contained carotenoids, lutei \ro:T , an eox@ (Boudries et al., 2007).
i Whe ca} ;@e@e@curmd during the transition from

the Khalal through '\ar St@ the riéodng process, the levels of provitamin

A increased sll@ the | oor (V-%fety and decreased in Tantebougte and

Hamraya ( % et al., 2‘ 0 'ﬁ-e Qn?’ysis of the total carotenoid contents in both
%riefe ?d, Kh§

ab, and Khalas suggested the loss of carotenoids

| .
-drying (Al-Farsi e@QOOS).
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2.4.4.4 Procyanidins (Condensed tannin)

T

Procyanidins are condensed tannins and the main precursors of bl@t and
red pigments in fruits, vegetables, nuts, seeds, flowers, and barks (Fi&O). Using

the acetone—water—acetic acid solvent extraction method, Hong et aW@ extracted

procyanidins from Deglet Noor variety of dates in the Khalql Wf maturity. The
n

chemical analysis suggested that the procyanidin was as higher molecular

weight polymers, undecamers through heptadecamer

2006). | _{')

Tannins may prevent herbivores redation ny, \/830) and
ogen Y;vnlee et al.,

microorganisms either by increasing the resistan agah‘st p

1990) or protecting vital tissues agaiﬂ%@, such as . N@ﬁfy, the toxicity of
tannins towards microorganisms i% docum

| o >
various fields of research, su od sciencepwood nce, soil science, plant

&

pathology, pharmacology, %mnr animal r@on. Furthermore, toxicity is
normally estimated by g the réduction loﬁt»%in—vitro growth of the mycelium
s el
0

for filamentous flﬁhis esti as al rformed using plate count methods,
disk diffusion methods; ne

‘\ :
biochemica ameters, chara rgti

NS
were e% , which_i ded Qﬂulose degradation, glucan synthesis, nitrate,

7
met or ethanol productlo{.)

0 ipa'\%’ studies incorporated

, ord%ﬁirometry for bacteria and yeasts. Some

ce_c; the metabolism of certain microorganisms,
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2.4.4.5 Flavonoids

Flavonoids in plants possess various health benefits, which includ% idant
and radical scavenging activities, reduction of certain chronic disease:,‘%revention
of several cardiovascular disorders and specific types of cancerousWsses (Tapas
et al., 2008). Based on Hong et al.’s (2006) assessment of th Md content in the
Deglet Noor variety during the Khalal stage of maturity <tlcfd glycosides of
luteolin, quercetin, and apigenin were identified. It als ow that both

1 2
Yw
were pres aﬂ @, di-,

res% of t.h\e’%'lycoside.
- A
1d10311nk S, W pigenin was

present as the C-glycoside. Currently,dates were also t y di@%t food containing

‘(2 @ecently reported that
N

methylated and sulfated forms of luteolin and queree
and triglycosylated conjugates, while apigeni

Quercetin and luteolin mainly formed

flavonoid sulfates (Hong et al., . Chaira\l.

among the famous Tunisian d%highgst content of flavonoids was present in the

&
@fresh weight).

'S

Korkobbi variety (54.46 }etv
2.4.4.6 Anthocyanins ’

purple, or %N' i in many fruits, vegetables, cereal grains, and
flowers, they'show p enefits (Hong Wang et al., 1997). Studies by Al
Fagsi etal. (2005) recorded Klf%émong the analysed fresh date varieties, the highest

\t of anthocyanins was identified in Khasab (1.5 mg/100 g), followed by Fard

0 mg/100 g) and Khalas (0.87 mg/100 g) varieties. Moreover, a direct correlation
was

found between the levels of anthocyanin and fruit colour. Anthocyanins were
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detected only in fresh dates, indicating that they were possibly destroyed during sun

drying (Al-Farsi et al., 2005).

2.4.5 The Nutraceutical Benefit of Date Fruits : ,

Date fruits are claimed to offer essential nutrients and benefi man health

(Manickavasagan et al., 2012). These fruits are also high in antioxw hich alleviate
oxidative stress associated with various disease (Baliga et menmeddour etal.,
2013; Daoud et al., 2019). Date fruits are highly nutsiti and show antimicrobial

activity (Al-Daihan & Bhat, 2012; Bhat & Al-1$012; mir ?l.,‘gﬁl)g'; El

Sohaimy et al., 2015; Samad et al., 2016), anticanc ctivity,( ang et al.®13; Eid
Y

\anm-Sér%i@ét al., 2014;
ielde% 016; Khalid et
2%93nti-inﬂammatory
A

al., 2017), neuroprotective (Pujari et al., 1; li
activities (El Arem et al., 201@ etpal., 201 v and@patoprotective potential
(Al-Qarawi et al., 2008; El Af L, 2%} ~\<8¢
3 S
a

2.4.5.1 Traditional tical Practi sl 0’
\“ 4 &

Dates ha@ wid@ in teaditional medicine preparation for many

N
centuries, es@in e’ Mi ly%asf-gt'}ml Indian subcontinents, including Egypt,

India, M %’lran, and Igaq e ({&
&b
he'dat

et al., 2014), antioxidant potential (Al-Turki et al, 201

El Sohaimy et al., 2015), antidiabetic ac 'Masa
1

al.

Bailey, 2005; Khare, 2007; Hussain et al.,
b4

2020). es are used traditi rBl.l.y as diabetes remedy in Morocco (Tahraoui et al.,
2 while date-palm pollen}d male flower are used in ancient Egypt as aphrodisiac

centuries. Moreover, the phytochemicals present in dates are associated with the

increase in fertility (Khare, 2007). Dates have also been used as anti-hypertension
N
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reduction of hypertension, hypercholesterolemia, and lipoprotein oxidation (Vayalil,

2002). Y

Although few scientific and clinical evidence were available r@ the

medicinal properties of dates, many recent studies proved the importan benefit of
dates. To illustrate, date kernel showed anti-ageing properties and reduced skin
wrinkling in women (Bauza et al., 2002). Beneficial effects Md from the date
pulp boiled in milk on pregnant and lactating mothers (Pur Vmo

, including their

benefits as expectorant, laxative, diuretic and demuléent (Khare; ; Barh &

Mazumdar, 2008). é , _\“}Y
’ b 4§

2.4.5.2 Antioxidant Potential ? \ Y\./
Date fruits are rich in ph&ﬁ)’ als, suc po@‘énol, flavonoids,
t

carotenoids, sterols, and tannins, %have p\t\%i k@n properties (Martin-
N\

Sanchez et al., 2014). The antiox btains freeradica sists in the prevention of

chronic diseases, includin }attal aglzheimer’s and Parkinson’s
disease (G. H. Kim et . Furthérmore, c'aroéoids in date fruits are acting as a
4 &
strong antioxidan@functio \‘bhe prec of vitamin A and protects cells from
etaly, 2

free radicals (JUK , 20 'are a{&c)}, ich in phytosterols, such as campesterol,

S

¢
stigmasteroi: %sofu ster v‘th(t_l}e phytosterol being bound to the estrogen

NS
singJanti ?genh&ects (Al-Turki et al., 2010). Moreover, phenolic

n)n@ demonstrates anti&@ént properties (Rahmani et al., 2014), while the

co
\nols in date fruits help reduce oxygen species (ROS) for cancer prevention

p%
d ek et al., 1986).

recepto
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2.4.5.3 Anti-diabetic Activity

T

Active compounds in dates, such as flavonoids, steroids, phenolic,%\)onin

are anti-diabetic agents. These compounds possess free-radical scav bility, as
proven in diabetic rat model studies (Zhang et al., 2015; Hasan & mdein, 2016).

Furthermore, date extracts also enhance the pathologicq' Mtor of diabetic

neuropathy in diabetic rats (Zangiabadi et al., 2011). The'anti-diabetic impact may be
related to phenolic, which inhibits a-glucosidase an cts gluc (:rption in
small intestine and kidneys (Khalid et al., 2017). etin glycoside 'n @Y;lso
increase insulin excretion and stimulate gly nt asl, i ma@ns blood

glucose stability (Singh et al., 2012). W ma’lﬁ ra treate@?t; diosmetin

glycoside significantly increases sNaosterone 1 a@‘ecrease the total

prostatic phosphate activity (Sing%, 2012 \? ,'\k
N\
O 3L
2.4.5.4 Neuroprotective ac% SQ
Lol IEVES
Date fruits de%a da r'l‘ rop ?&ti@ffect against bilateral common

carotid artery occl that 1 Nldativ ess and neuronal damage (Pujari et

al., 2011). \ '
¢
4
2.4.5.5 inflammatory/Activiti
& !

Ati-inﬂammatory prq@'{es and impacts against the inflammatory associate

% of date fruits were studied by many researchers (Ferrero-Miliani et al., 2007;

arawi et al., 2008; Vayalil, 2012; Rahmani et al., 2014). The in-vitro study by Taleb

&Q€

*
4

t al. (2016) found that polyphenol in date syrup exhibited anti-inflammatory activity

by reducing angiogenic responses, such as cell migration, tube formation, and matrix
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metalloproteinase (Taleb et al., 2016). Based on another study by Das et al. (2015) on
embryonic kidney cell line (HEK) and murine RAW macrophages-i
inflammation, it was found that the date extract could therapeuti%\hibit
intracellular oxidative stress (Das et al., 2015). A

The anti-inflammatory activity of dates is mainly regulated@gh phenolic
compounds, such as ferulic acid, caffeic acids, and syringic aci Net al., 2007; Lin
et al.,, 2010) and flavonoids (Das et al., 2015). Date ‘?%;i‘tlited good anti-
inflammatory activity from a mice model with carfageena irwgrough a
noticeable reduction of paw volume (Taleb et al., 20 ate sap al x’IiKQYg.cmd
anti-inflammatory as it enhanced wound healingy ar % nabi\e,&'l., 2016).

é\‘?
&

O

A study by Al-Qawari et 31%4) ed @istar rats with carbon

w.
a N
tetrachloride (CCl4)-induce otoxicity. e QJ;QC? fruits extracts were
administered orally to the %t, \t then led @igniﬁcant reduction of CCl4-
n n

induced elevation in zyme land lilllbihoncentration. This was followed
4 &
by improvemen@orph? Mand hisgpgical liver damage in rats (Al-Qarawi
n .

et al., 2008). K ore,
@
was obser nWist

2.4.5.6 Hepatoprotective Potential (N 0\

'tI;di-c_h}l roacetic acid (DCA) induced liver damage.
NS
?ion 0@1&3 extracts to male Wistar rat at 0.5 and 2 g/l for

L

tw&%hs, the hepatic mar @ﬁzyme levels and conjugated bilirubin were reduced

gXem etal., 2014).
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2.4.5.7 Dates as Antimicrobial

T

The use of a natural derived antimicrobial agent is considered an al%\e and
solution for antibiotic-resistance bacteria due to their cost-effectivene ewer side
effects (Bhat & Al-Daihan, 2012). Previous studies demonstrated theWbenefits of dates
as anti-helminthic (Abdel-Ghaffar et al., 2011; Klimpel et _al., 2011), anti-fungal
(Daoud et al., 2019), anti-viral (Jassim & Naji, 2010), an ib terirl (Ayachi et al.,
2009; Al-Daihan & Bhat, 2012; Kchaou et al., 2013; oom Wani, 2014,
Bouhlali et al., 2016; Samad et al., 2016). [ _\f—}

Notably, although date fruits are m mo% or tl@?ésting of
antibacterial activity, different parts of the W , sueh e leaf, Ys: seed, bark,

and spathe are used to determine their @rial activi

Many researchers reported on antib@l proper'\s'm%if rent ate cultivars, such as

Medjool, Sukkari, and Deglet-%

of Phoenix dactylifera was.also r ie\T

N\
act'@ of leaf, spathe, and bark

@hat, 2012; Al-zoreky & Al-

Taher, 2015). Differen% (aque'g s, m hako‘l&troleum ether, and acetone) were

'3 &)
tested against sta&gamm : aur@ﬁ. saprophyticus, L. monocytogenes,

and S. pyogenes)and gram- i trainés’coli, P. aeruginosa, and Salmonella sp.).

¢

|
It was foun %ll parts of the glar{?owed antibacterial potential in all extracts,
NS
u

while tl%

and gacetene extracts. Moreo@’methanol extracts of spathe were more effective

s exfr eaf a‘n‘&ark were more effective compared to methanol
c Xd to methanol and petroleum ether. Phoenix dactylifera pits were also found to

inhibit the activity of E. coli, B. subtilis, S. aureus, P.aeruginosa, S. pyogenes, S.

exneri, and Klebsiella pneumonia (Al-Daihan & Bhat, 2012; Perveen et al., 2012).
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The study by Al-Daihan and Bhat (2012) on Mosaifah cultivar recorded that
antibacterial activity against S. aureus, E. coli, S. pyogenes, and P. aerugin S
present in date extracts. Ajwa dates fruits also exhibited good antibacteri 1vity
against gram-positive and gram-negative bacteria (Al-Judaibi et al.,ASamad et
al., 2016). Other in vitro studies performed on other date varieties (S., Deglet-nour,

Macterial activity

lla .'pp, E. coli, P.

M, and L.

g
monocytogene (Ayachi et al., 2009; Kchaou et al., ; Al Qroo ’A@ﬂani,

2014; Bouhlali et al., 2016; Samad et al., 201?@ d on the 1bac@ studies,
h

Medjool, Nabtet ali, Sukkari, and Mabroom) demonstra

against Salmonella sp, Klebsiella sp, Micrococcus s

aeruginosa, B. subtilis, S. aureus, S. pyogenes,

methanol extracts were found to exhibifathe hig e&t\ an cteria@gl;ity. Gram-

positive bacteria were more sensitive todate }uits extra mp@‘to gram-negative
bacteria (Farhana et al., 2017). % \T ,<\
n \

The in vivo study on s showed eqneu@t'-igation of the haemolytic

activity of the streptoc hot(l: , streptoly AO Although resistance to
haemolytic activity o%w ysing as ur'dfah the erythrocytes obtained from
\tedntak

'3 &)
date fruits fed t:@unteefs, e glhot affect the titer of antistreptolysin
O antibodies. % gge the itﬂ-'}%(tory substance might be steroidal, while
¢

|
the neutrali %prop rty .0 rl{d &/ngh erythrocyte membrane stabilisation and

NS
inhibi% treptdlysi :enz@ (Abuharfeil et al., 1999). It was proposed that
pk&mical in date fruits@f phenolic, flavonoids, and tannin) had a role in the

%\m iicrobial activity.
However, the studies performed on the underlying mechanism of the active

compound for the antibacterial activity of date fruits were lacking. Therefore, this

subject, including the antibacterial activity of date fruits, will be highlighted and
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ch performed on the

investigated in this study. Despite the numerous works of resear

&
3
N3

the an

inadequate study performed on

antibacterial activity, there was an

str

of ga:

properties of date fruits, which are important in the prevention
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