CHAPTER 2
LITERATURE REVIEW YV
2.1  Prevalence of anaemia and IDA \

In 2019, there were 1.8 billion prevalent cases of anaemia a&&we world,
increased from 1.4 billion cases in 1990. WHO reported that the glcmevalence of
anaemia among children aged 6-59 months and women aged 15-49 15'89.8% and 29.9%,
respectively. This is equivalent to 269 million children a SYh~al billion women.
The prevalence was higher among pregnant women than'fen-pre naW‘GB% and
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while the prevalenc&thn deil \QQ as 3%6.10 34.6%. Among preschool children,

Shanita et al., (2018 port e preé%ce of anaemia and iron deficiency was
4.0% and 5. &@Jectl er 6ee_} mia prevalence significantly higher among
childrensof i kenouﬁ ytraam&‘uldren living in a rural area. Meanwhile, in rural

schm&ldren in Kudat, Sab Ic%ﬁ?'oslle et al., (2019) reported the anaemia prevalence

0 \’0 with prevalence of IDA of 13.8%.
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2.2  Symptoms of IDA

Symptoms of IDA are generally vague and non-specific thus 01?30
undiagnosed. As the condition progress, it can become more severe inical
presentation of IDA depends on the anaemia severity, age, comorbiditie?*hronicity
and onset speed. Fatigue, pallor of the skin and mucous membraneybreathlessness,
headaches, mouth soreness and ulcers, dry and damaged nail, kN hair are among
symptoms very frequently associated with IDA. Paleness i X:d ,/vith IDA due to
less haemoglobin in the blood and is easily recognised e face, nails, n‘er mouth

Yw

and lining of the eyes. Headaches, shortness of breat poor gonc a‘o@ also

\I% a @Tt of low
R, X
on-co@mng enzymes

ade ‘% or dizziness due

among common symptoms very frequently a

oxygen delivery to the body tissue and de€line
(Camaschella, 2015). Headache is oft upiaj with lig

to low oxygen concentration reach@Se brain \m gi ﬁ{e\wellnesss of brain’s
N,

blood vessels causing pressure%dachgs (Emels& I\/Q?%l?]et, 2015). Swelling and
soreness of the tongue and Q;hﬁ\an I e ind@n of IDA, with IDA patients

t
having significantly quencies o or'al@hifestations such as a burning
4 $ &
sensation of the j@cm@ arimﬁéu dry mouth, oral lichen planus and
atrophic glossiw co 'heal andividuals (Wu et al., 2014). IDA also
¢
negatively Ef;%ithel' I cell resﬁlt@(?n skin dryness and roughness, as well as dry
and da% a

Mael iri et al., 2009). A@ﬁalities in the colour, shape and texture of nails can

NN
ir. Wom ',Withﬂ'i% deficiency are at risk of telogen hair loss

~

a% elated to nutritional deficiency, and IDA is often associated with brittle nails
hateasily chip and crack and nails that have a rounded appearance like a spoon-shaped

nown as koilonychia (Cashman & Sloan, 2010).



2.3  Causes of IDA

Referring to Figure 1, IDA may arise as a result of increased iron d ,
decreased iron intake, decreased iron absorption, increased iron loss, infla@] and
genetic factor. Increased iron demand is common in infants, pre children,
adolescent growth spurts and during pregnancy particularly during second and third

trimesters. The growth of the foetus and placenta, as well as t Mion of maternal

red cell mass, significantly increases iron requirement dufi regr'ancy (Fisher &
Nemeth, 2017). Decreased iron intake can be a direct restlof ma qu poverty
3

especially in underdeveloped countries or attribu

irorje‘t ‘fgr: or
calci\Lfn, ate @annin in

aﬁby S and@ﬁatric surgery
decreased iron absorption (Samtiya N&O; Steenackers et@ZOl& Jun et al.,

2016). Medical condition like H. py%fection,ﬁia?di ;@\,atrophic gastritis and

the consumption of proton-pun‘%

Chronic blood loss due to gastroin

2

creased iron absorption.

iron losses which even%e , 2017). Heavy menstruation and

frequent blood donation alsol : -steroidal anti-inflammatory drugs

(NSAID) also result tr drug=i
x ;
irritate the IC)mucasa v€y t al., 2021). Prolonged immune activation in

N
disease% cang 'y)nic k&\ey disease and congestive heart failure cause

inflaﬁon that hinder iro e.@\b;érption which eventually led to IDA (Weiss et al.,
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AGenetic factor also contributes to IDA, for instances, a malfunction in the

G RSS6 gene, which encodes for Matriptase-2, a protein involved in regulation of
e

pcidin, a key regulator of iron haemostasis causes iron-refractory iron deficiency

anaemia (IRIDA) (Thangavelu et al., 2019).
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2.4 Impacts of IDA

IDA generally reduced the overall physical ability, productivity, and tow
to exercise due to diminished oxygen transport associated with anaemia a@ased
cellular oxidative capacity associated with iron deficiency. Iron is esse oxidative
metabolism for energy generation in skeletal muscle, which involved mfoxygen storage
in myoglobin and mitochondria. Both components rely s Mly on oxygen-
carrying ability, which reflects adequate oxygen suppl &; l'y haemoglobin
(Stugiewicz et al., 2016). IDA impairs individual sical } capaci a‘nd work
performance, resulting in productivity losses of rou S$2.32 pe plta ‘@.57%
of GDP in both low- and middle-income nai h% t on@-('aecreases
individuals’ and populations’ work capacit&mﬁs a Sekious sr,én?(;n economic
and national development. Global Bu %isease St n 20@%ported that, iron

deficiency anaemia was one of th@ng caus\Mti _%’men’s quality of life

N,
globally (Vos et al., 2017). ‘% % “ é}c—o

Iron demand is f@ntal ncréased g}pregnancy to balance the
physiological requirer% ncreﬁa&}}ﬂa‘coo@'fetoplacental development and
losses during deliv *Qd Iactafl ith an agoximately 1,000mg of total iron is lost
during pregnan@lact \Edon@’et al., 2015). Anaemia is frequently

¢
observed in Ei%\t women a: réméj?i prominent expansion of plasma volume by
0

NN
30-40%% ast Wi 9—250/«&}e in Hb mass and erythrocyte volume. IDA in

pre omen has been co@ed harmful for maternal and foetus well-being and
i%&linked to increased morbidity and foetus death rate. Severe IDA in pregnancy
ighificantly increased the incidence of premature delivery due to prolong chronic
ypoxia caused by anaemia, resulting in elevated corticotropin-releasing hormone

(CRH) production, which is recognised as a major risk factor in premature births (Di
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Renzo et al., 2015). Additionally, the risk of premature delivery may further increase
due to oxidative damage to both erythrocytes and the fetoplacental unit. ,
maternal IDA is frequently linked to an increased risk of caesarean sect@very,
perinatal haemorrhage, preeclampsia, abruptio placentae, poor mater id status

and cardiac failure (Gupta, 2018; Tangeda et al., 2016; Erez Azulay et al., 2015;

infants. Published animal studies demonstrated that whe iron|is criti restricted
@

Drukker et al., 2015; Arnold et al., 2009; Zimmermann et al., %OO .
Fetal iron deficiency causes persistent impairm@ natal outcomes for

in the neonate, the available iron is redirected to red cellsfat t
\ : Ir%mficiency
impairs brain and hippocampal devel e mgflin ion aqé%;paminergic
neurotransmission, causing advers %e} on m p@'mances, mental

development, cognitive and behaﬁgsal funcﬁg\%ar g)dn infancy and early

brain, heart and muscle (Zamora et al., 2016;

N

childhood where the brain gro evelcf‘pmen re heightened (Larson et al., 2017;

Doom & Georgieff, 2014@& 1I., ) s@ a significant longitudinal
ia and

association between a cognitive eélin& middle age and older Chinese
4 $ &
population espec%epism@m ry decline regardless of gender. EI Shemy et
al., (2019) dew ed ' chi@ﬁ with spastic cerebral palsy showed
¢
significantl % motor fu ioﬁ acg ecreased muscle strength and endurance
compar%k-

that eficiency had long- a@fg negative effects on children’s motor development

NN
an }dren.s@’ongitudinal study of Costa Rican children found

0 \he, with children who suffered from chronic iron deficiency in infancy having a

d r motor trajectory with both fine and gross motor skills equally affected when
0

mpared to the control group (Shafir et al., 2006). The same cohort population also

showed a poorer executive functioning and recognition memory as young adults and
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exhibited more behaviour problems compared to children with normal iron status
(Corapci et al., 2010). IDA also adversely influenced the immune system. A s

Hassan et al., (2016) conclude that 1gG, IL-6, phagocytic activity and oxﬁ%\ourst
were significantly lower in IDA children compared to normal control: ibed next
in figure 1 is the conceptual framework demonstrating the common catise of IDA and
the negative effects of IDA illustrated and supported from @us literature as

described before.
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Increased iron demand

Pregnancy and lactation
Infancy and adolescence

Vigorous sport

Decreased iron intake

Iron poor diet
Eating disorder
Poverty and malnutrition

Decreased iron absorption

Inhibitor

Surgical- gastrectomy,
duodenal bypass, bariatric
surgery

Medical- H. Pylori, coeliac
disease, IBD

Drug usage - proton pump
inhihitor

Increased iron loss

Physiologic- Menstruation
Frequent blood donation
Gastrointestinal blood loss -
oesophagitis, malignancy,
peptic ulcer, hookworm
infestation

Genitourinary - heavy
menstrual bleeding,
postpartum haemorrhage
Systemic bleeding -
haemorrhagic telangiectasia,
chronic schistosomiasis,
dialysis

Drug-induced- NSAIDs,
anticoagulants

Inflammation
CHF, CKD, COPD
« Cancer

L]

Genetic factor

Iron-refractory iron

deficiency anaemia (IRIDA)

lron
Deficiency
Anaemia

Decreased physical
capacity and work
productivity

Adverse pregnancy

outcomes

* Increased infants
and maternal
mortality

* Increased risk of
prematurity and
low birth weight

\ 4

Impaired motor and

mental function

» Impaired cognitive
performance
(Memory, learning,
concentration)

Impaired immune

function

* Increased
morbidity from
infectious diseases

Rapid or irregular

heartbeat
e Lead to heart
failure or an

enlarged heart

Delayed growth in

infants and children

e Associated with
behavioural
differences,
physical
developmental
delays, lower 1Q
and poorer school
performances

_ N Eigtre 1: Theoretical framework of the common cause of IDA and the negative impact
on the human body. CHF: congestive heart failure; CKD: chronic kidney disease;
COPD: chronic obstructive pulmonary disease
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2.5  Current treatments for IDA
IDA treatment aims to provide adequate iron to normalise Hb level andw
iron stores, hence, improving quality of life, symptoms and the prognosi onic
disorder related to iron deficiency. Food-based approaches that promo ccess and
consumption of iron-rich food are highly recommended by WHO.W at risk are
encouraged to consume meat, fish, poultry, legumes, fruits, and leafy vegetables. The
mi rich in ascorbic

bioavailability of iron can also be improved by consumin

acid and amino acids such as cysteine and histidine. Infhthitor that in with iron
3

cereal an olilp&ékl and
oided?’ rtif@)‘%n IS one

ited\Nat S FOO@X Agriculture
Organisation (FAQO) for improving dwaake worldwide. Fertification of widely

consumed staple food such as rice,@ﬁe and w\h% e e,@ely improved dietary

N,
diversity and decreased micror%defic&-ncie on((/ ification commonly used
includes sodium iron ethyle metlr ce (NaFeL—*)TA),ferrous sulfate, ferrous

bis-glycinate, ferrous % and e‘l‘ trol ic'irobﬂxccording to a meta-analysis by
Keats et al., (201&:: was :i % ucti(gn/anaemia prevalence following large
atiormwvith

scale food fortificati lst i was noticed for women of reproductive
¢
age followe &saool- e chi re{. (j)
O

exp ng symptoms of @to restore normal iron stores and to replenish

absorption such as calcium and phytate that are fou
tannins which are present in tea and coffee sho

of the main strategies imposed by WHO a e

supp Ptior&%}commonly prescribed when an individual is

h Xlobin deficit. Oral iron supplements contain different amounts of easily
bserbed elemental iron and are available in the form of pills, capsules, drops and
xtended-release tablets. The most commonly available oral iron is ferrous sulfate,

ferrous gluconate and ferrous fumarate. In adults, therapeutic doses ranging from 100
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to 200mg of elemental iron daily has been recommended (Stoffel et al., 2020).

Elemental oral iron has been recommended as the first line defense against IDA

been used as a standard prenatal care and as a prophylactic measure to allev, m|a

in pregnant women and children (Division of Family Health Deve%t, 2020)

Parenteral therapy involves the administration of iron intravenously, available in

various form that includes iron dextran, ferric carboxyma Nn sucrose, iron
% ircumvents the

isomaltoside-1000, ferric gluconate and ferumoxytol. T

problem of iron intolerance, lack of response to oral iron Owin the a'\kdmcal need
3

for rapid and efficient treatment of anaemia. J _\‘-')
Consumption of oral iron in long run p nied era@e effects
ea, n ijlack stool

including epigastric discomfort, heartburnw ati

and vomiting (Girelli et al., 2018): meta-analysis

demonstrated that supplementatl f ferro\su_hg

o

gastrointestinal side effects |n Iron ?uppl ents also been linked to an

increase incidence of diar chi <</The introduction of iron
supplementation result%%s.una ‘Sd r‘o ering the colon. Sharp increases
in colonic iron cWeclir]a \r& enefi
increases the ab% of path |c bacteria. Beneficial gut bacteria from
Bifidobacteri %La i

Iimiting% s. C

ente m-negative bacterl@e’ E. coli and S. shigella. Excess non-absorbed iron

f% n supplementation will increase colonic iron that eventually modify the
0

biota equilibrium in favouring the pathogenic strains over the healthy barrier

,Q Ited in significant

barrler commensal gut bacteria and

eﬂ’ert‘:auwe little to no iron and are often growth-

rain, thus, increasing the intestinal pathogen concentration (Jaeggi et al., 2015;

Paganini & Zimmermann, 2017). Even though intravenous iron replenishes iron stores
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more effectively, this therapy is limited by several factors such as the possibility of
anaphylactic reactions and a high cost. (Onken et al., 2014). Intraveno

preparation exacerbates oxidative stress resulting in upregulation @%&rious
transcription factors that trigger the release of TNF-a and other‘é*ines that
eventually lead to progressive tissue damage. According to a meta-analysis by Litton et

al., (2013), intravenous iron promotes bacterial growth th Ming the risk of
infection. Excess iron has been associated to a variety of di r, otakily in age related
macular degeneration, age-related Alzheimer and Parki an cz:helde‘nkhuis et
al., 2021; Mochizuki et al., 2020; Song et al., 201@& al., 2019; Liu gt @Es).
Iron’s ability to be oxidised and reduced a top\ﬂf i
generating reaction such as the Fenton rea{)m'

powerful reactive oxygen species (RN e results, tgen is Lﬁ’ltially mutagenic
by inducing DNA strand breakage, \%caus%axtr s@\mation that eventually
resulted in cancer progression% a 'ﬁ ces \n also adversely affects
cellular immunity by dectgasing® pol
impairing the body’s h% ce me:::[anis

Poor patien %ﬂianc‘e 0

Malaysia, sev&éﬂdies \?:;3 rtﬁ‘fe poor compliance with oral iron
supplement '&@bd R hrr;a%aﬂ'., 22; Kadir et al., 2021; Daud et al., 2020). Half
of preqéé%

for ess and intolerance @f on tablet’s side effects (Thirukkanesh & Zahara,

N
@Vhile iron fortification is a more cost-effective strategy for IDA prevention in
& populations, the cost may be prohibitively expensive for some individual. Several

chnological challenges also need to be thoroughly handled, particularly with regards

o

NN
mengi ysia«:&} not consume the iron supplements due to

to adequate levels of nutrients, stability of fortificant, nutrient interaction, physical
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qualities, high cost and customer acceptance. Iron is the most challenging micronutrient
to be incorporate into fortified food as it is easily interact with food const?ﬂ!;
producing unpleasant organoleptic side effect especially after prolor@%k)rage
(Prentice et al., 2017). Furthermore, in the case of multiple fortificatio iron that

is produced from iron compound degradation can oxidise some of the Ramlns supplied

2.6 Regulation of iron metabolism '
Dietary iron can be classified into two categor:es accordin to.lt\%ica{\is(m.

in the same fortificant mixture (Allen et al., 2006).

Heme iron is derived from haemoglobin and fo!nd&ic.r? meat
poultry, seafood, and fish. Non-heme iron, by (W in‘plant-b Y;ood, like
cereal, vegetables, fruits, nuts, and seeds. %NSO be}ou 'ﬁproducts such
as eggs and dairy. Referring to flgure 2, y e zymes volve@ essential cellular

and organismal activities require c of 0 dercgmnctlon normally. Iron
é haem

is indispensable for the synth binya rotéw present in red blood cells

R

that transports oxygen throu?nhe b’dy wo@tlllsed for erythropoiesis with
bone marrow erythrob%

quire r;* 0o iron. Iron is also a component of

myoglobin —an o@hndi@n thatggbund in the cardiac and skeletal muscle

N : .
tissues that pr ny n to Wprkﬁgmuscle. Iron is also essential for enzymes

'
and protel ed i ml?ch ndn&-iesplratory chain, synthesis of haemoproteins
and ir clusters an A repairs, microRNA biogenesis and cell cycle
contro proliferation. ofh&% iron is particularly important for nervous system,

d in neurotransmitter synthesis, myelin formation and synaptic development.

On also involved in the production of thyroids hormones and immune cell proliferation

(Alnuwaysir et al., 2022; Zohora et al., 2018).
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iron-sulfur clusters
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« Scavenging ROS
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« Erythropoeiesis
s et AAA
PRISNG + Immune cell proliferation
RNA
h + Immune effector

* DNA & RNA synthesis functions(e.g. cytokine
+ microRNA biogenesis production and inflammation)

* Cell cycle control and proliferation
« Transcription factors(e.g. Bach1 and NPAS2)

Figure 2: An overview of the iron’s fuiction in th ost dror is utilised for
erythropoiesis for the production of m bin. Iron Sse or enzymes and
bolic

protein involved in the oxidative me 0 ewge ificantamount of iron was
found in cell with high energy de such as in.S mus le, heart, kidney and
liver. Iron also crucial in DNA an e Ismjith fuagion of the thyroid gland,

central nervous system and im tem (Alnuwaysir 5, 2022).
The average human Ns 3 of ron, @ajority of which is contained
as heme in erythroid% aem0§1 bin m!)re&an 2g) or muscle’s myoglobin

'3

(approximately 300. Meanvr \nacropf%din the liver, bone marrow and spleen

stored a transieat,amount of'y 'und Egﬁ?ﬁg). Excess iron is stored within ferritin

shells in the %vym el‘ hé'li\er} approximately 1000mg). Other cellular iron-
contain@s af ‘mes a!‘é\;timated to bind a total of 8 mg of iron. Iron is
acquikediin the body from du@l enterocytes, which absorb 1-2 mg of dietary iron
\wd macrophages, which internally recycle 20-25 mg of iron from senescent
ﬁcyte& As there is no regulated pathway for iron excretion, dietary iron absorption
epresents a critically controlled process that compensates for obligatory losses of iron

(~1-2mg). Iron is lost through sloughing of intestinal epithelial cells, desquamation of
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skin and urinary tract epithelial cells, blood loss, and perspiration. The absorption of
iron can either be enhanced or suppressed depending on physiological ne
example, iron absorption increases during pregnancy, blood loss @sical
development and is suppressed during iron overload (Hentze et al., 2010Y:

Figure 3 illustrate the mechanism of iron distribution and%€irculation The
mechanism for dietary iron absorption for heme and non-heme iron in‘the small intestine
is different in which heme iron can be transported directly R:nt

Tocyte via heme

carrier protein (HRG1). Meanwhile, dietary non-heme in the

ferric ion
X

(Fe*") is firstly reduced to ferrous ion (Fe?*) by d al cytoch elb ctase

efore\b'e' nsported into the
ransﬂort 1 (Db@g.~ Inside the

enterocyte, iron can be either used dirN ntrinsic ¢ r m@ lic mechanisms,

stored in ferritin or transported out S the%&l m'@r‘ane for systemic iron

N,
delivery. Fe?* is exported into I%stre through ng[/@rane ferroportin (FPN1),
and after oxidation by hep}@r 0(1 asmin to%@', it binds to transferrin (Tf).

Under physiological c% : alm; ba:j:)'r{ i culation is bound to transferrin
(Tf). Tf is made up ﬁ%o higil \?my e3+§d§i%g sites that keeps Fe3* in a redox-
inert state, prev@he f of re@&e oxygen species (ROS). It acts as the
major trans Pg)copr tein +(_J(r:a?ponsible in delivering iron to site of iron
utilizatiQ%
sy

eryt esis, stored in muscl myoglobin or utilised by other metabolic pathways.
13y

(Dcytb), a membrane-bound oxidoreductase e

enterocytes by iron transporter, divalentwe\ta}

N
the%n Is transported to the bone marrow for

3
&
)

\h iron-bound Tf interact with transferrin receptor (TfR) expressed on the plasma

G brane of cells, the complex is internalised by receptor-mediated endocytosis where
0

n is released via endosomal acidification. Tf-TfR complex is returned to the cell

surface where it is released back into the circulation for re-utilisation. Once inside the
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cells, internalized iron becomes part of cytosol’s the labile iron pool (LIP) which works
as intermediate and can be used for (i) biological activities such as DNA sy

repair and cell division, (ii) stored in ferritin as an inert storage form or (iii).t rted
out via ferroportin. Senescent red blood cell is efficiently recy splenic
macrophages, providing iron for the synthesis of new red blood ¢ R?ystemlc iron
regulation is control by the hepcidin-ferroportin regulatory, syst Hepcidin is a
hormone synthesized in the liver, that upon binding with X:tin will induces its

internalization and degradation, subsequently inhibit ir leas frWasolateraI

o
from/ma h}g@o the
the& ion, it rqyftams the

gulati n m Ilsm during
inflammation, hypoxia, iron deﬁmen\aron oV

controlled by several factors such a mount 0 T

and Tf saturation; mflammatlo%onl via the pro-i matory cytokine (IL-6)

&

ard e(@, 2022; Muckenthaler et al.,

and the iron requirement f@opl
2017; Girelli et al., 20 etal, 1;Jn'co setal., 2012)

membrane of enterocytes into the hepatic portal syste

systemic circulation. By inhibiting the iron eff

systemic iron homeostasis, thus crltlca
H@ﬁm expression is

@ed by body iron store

&“
/\m
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phaestin then oxidises Fe?* into
J(Tf), the plasma iron carrier. lron is
iron@ tilised for erythrogenesis in bone
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irculation. Systemic iron regulation is regulated by
cing it internalisation, subsequently control the
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2.7  Regulation of erythropoiesis
Erythropoiesis is a complex multi-step process wherein hematopoiet

cells (HSCs) undergo differentiation to become fully matured erythrocytes(or lood
cells (RBCs). Erythropoiesis take places in a specialised bone marrow ﬁ&known as
erythroblastic island (EBIs) that are composed of acentral macrophage’surrounded by
erythroblast at various stages of differentiation (Borges & Sesti-costa, 2022). Burst-
forming unit erythroid (BFU-E) and colony-forming unit roj (C’:U-E) cells, are
the committed erythroid progenitors that are specificall mitt d‘l’trdgdo‘ping into
lier stages h{m_@%?etic

m@ erytb@ga lineage.

hroix{ preeursor Qé’;z;vith distinct
morphologies. Referring to figure 4,Waroblast IS ear@‘morphologically

identifiable erythroid precursor, w@ifferentl\még%u I,th into the basophilic,

N,
polychromatophilic and orth ic eﬂ/thr ast tzi@ enucleate to form a

reticulocyte. The precursorixio grr reductio %ell and nuclear size, while a
t a

robust increase in the % ion of hae g}lbb@curs. Reticulocytes then mature
4

&
into fully develomrocﬁw blocgce'lls, which are anucleate and contain
only haemoglob& ak ., 20 %

[ ¢ K ) .' Ca

-0 ®-0-0-0

Proerythroblast Basophilic Polychromatic ~ Orthochromatic Reticulocyte  Erythrocyte
erythroblast erythroblast erythroblast

@ 4: Schematic diagram of the process of erythropoiesis. Proerythroblast
ndergone several differentiations into the basophilic, polychromatophilic and
ochromatic erythroblast, which then enucleate to form a reticulocyte before fully

eveloped into erythrocytes (Borges & Sesti-costa, 2022)

erythrocytes. These cells have progressed beyond th
stem cells and multipotent progenitor cells, and

BFU-Es and CFUEs further differentiate i
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Erythropoiesis relies heavily on iron, which is necessary for the creation of haem
centres in haemoglobin that carry oxygen. Therefore, physiological mgn?ﬂd
molecular mechanisms that maintain proper levels of iron can concur ffect
erythropoiesis. At a systemic level, the concentration of iron in the‘ﬂ&stream IS
regulated by two key hormones: hepcidin and erythroferrone. Hw limits the
amount of iron in the plasma, while erythroferrone enhances it, This*tégulation ensures
that the iron demand necessary for red blood cell product Ye: liigure 5 showed
the systemic talk between iron regulation and erythropoiesis, In c nwhere there

@

is enough iron in the body, hepatocytes can directly s ansferfrin- ng’ irghwWhich

bi@ ortm&'ducmg it
wondr{om teroc@macrophages

and hepatocytes. On the other hand, %)ody requ mor@w, differentiating

erythroblasts produce erythroferro ormone a p sséhepadm production.

N,
This result in the accumulatlo%(opo n ongthe |r(<)5:§35erv0|r cells, leading to

then stimulate the production of hepcidin. Hepcigi

degradation which subsequently limit the re%

increased circulating plasm e used for the'synthesis of haemoglobin in
erythroblasts (Liang &% 16)
Iron
Bone marrow, spleen Liver °23e .
Macrophages
(Spleen)
Erythroblasts Hepatocytes @ @ @
Enterocytes Hepatocytes
l (Duodenum) (Liver)
o0 o, = :.
°e —_— e, —i
Sehe - Ferroportin
g Erythroferrone Hepcidin

T 5: The systemic talk between iron regulation and erythropoiesis. When there is
nough iron in the body, more hepcidin is being produced which then bind to
roportin, inducing it degradation. This limits the release of iron into the circulation.
hen more iron is required, differentiating erythroblasts produce erythroferrone, that
suppresses hepcidin production, increasing circulating iron for erythropoiesis (Liang &
Ghaffari, 2016).
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2.8 Iron bioavailability

Bioavailability is described as “the efficiency with which a dietary comp?ﬂs
used systemically through normal metabolic pathway” (Aggett, 2010 page@ The
amount of iron ingested is necessary for bioavailable iron since co ing a meal
without iron has no effect on iron absorption regardless of how pote&m~ enhancer or
inhibitor may be. The type of iron, composition of food and the_time Between meals can
also affect iron absorption thus should be taken into accoun eX;tarding the notion
of iron bioavailability which can be defined as the prop@xtion o irw‘ed that is
utilised or stored for bodily function (BIanco-Rojc%NAero, 2019 I _S

The absorption mechanism for heme a - en% i ﬁer@For non-
ed relea@gr.om the food
on @Of non-heme iron

heme iron, once the non-heme iron complew:egr

component, it presents in the ferric f e3%). The abs

is low, around 2 to 20%, and is suscﬁ%e to bein\‘l‘ege

N,
impede or facilitate its bioava% (Leﬂak ai, @). Components such as
&
a

ascorbic acid, cysteine and m a1 of co@ting Fe3* to Fe* which then

readily absorbed into t% dditi

'('Jét @e reduction activity is also done

by metal reductase We inc|
on the apical @ﬂe 0
¢

!
essentially ii:s@d byjintera 'on‘g V\Q'E(D?ther dietary components, resulting in a more
ni

o
consist%

form.ab 'ption (-éhrrell & Egli, 2010). Heme iron is imported into
the cytes via heme ca@protein -1 (HCP-1) and once internalised, heme

y@‘etary components that

&
oden&ﬂochrome b reductase (Dcytb) found

eroc & In contrast, heme iron absorption is

0 X\se (HO) will release the heme iron which then will follow the same route as

& heme iron. According to Staron et al., (2017), heme iron is exported intact through

e basolateral membrane via FLVCR1 to the plasma, where it is bound by haemopexin.

The heme-haemopexin complex is then delivered throughout the circulatory system.
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Ascorbic acid has been consistently proven to boost intestinal iron absorption
and is recognised as one of the most potent iron enhancers. It prevents |r
interacting with other ligands by forming a chelate with iron at low @kldes,
ascorbic acid also functions as a cofactor for Dcytb enzyme that reduc " into Fe?*
on the enterocyte membrane. Both mechanisms favour iron absorptch:ordmg toa
meta-analysis comparing 22 studies, the addition of asco to test meals
significantly increased the percentage of iron absorption ( %

negal., 2017). This

study also found that long term ascorbic acid supplementation sig |fw osted Hb

absorption and improves the biomarker of iron
Phytic acid, phenolic compounds,

inhibitors, commonly bind to metal, Nainsolubl

nutrient absorption. They reduce trﬂﬁavallabl %ut ﬁausmg micronutrient

malnutrition mineral deﬁuency%a et g\ ., 2020)4A s(tgé?m Bangladeshi pregnant
women showed dietary ph)ﬁ;\akell S& rption from the diet of all
m

participants and inhibi% at} rpti r‘ %" of the women (Al Hasan et al.,

2016). Calcium is Wn tor M Wlthé(an for DMT1 transporter, thus high

consumption of % is |tft‘1-§ﬁer iron status. Benkhedda et al., (2010)

demonstra % the upple em'atle_} f 500mg calcium to the breakfast meal
I

significant uceddirgn jorptloé\y 53%. The final effect on iron bioavailability,

\qﬂArelles on numerous& s and was attributed to a balanced combination of

b ancers and inhibitors and also complex interaction with other components of

Oiod matrix.
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2.9  Protein related to iron metabolism

2.9.1 Divalent metal transporter (DMT1)

Divalent metal transporter 1 (DMT1) which is also called natur@}nce-
associated macrophage protein 2 (NRAMP2) and divalent cation trans (DCT1)
are proteins encoded by the SLC11A2 (solute carrier family 11, memt¥)~gene located
at chromosome 12 (12g13.12) (Vidal et al, 1995). DMTL is a transmeémbrane protein,
essential in transporting iron from endosomes into the cyto 3‘“1 also transport
numerous other metal ions including copper, zinc, m nese anwLJm via a
proton-coupled energy-dependent process (Ludwi et al, 7)' @Y; IS
ubiquitously expressed and tightly regulated iO\nfs to m@ﬁain iron

X
e and%\al microcytic
bir@‘l‘hey also showed

homeostasis. Global inactivation of DMT1ageneg ‘cau

hypochromic anaemia in DMT1”- mu cn@el shortly

progressive postnatal growth reta%n, with $ur iy@g more than 7 days.
N,
@

Heterozygous DMT1*" appe mal ‘withna significant deformity in the

haematological parameter‘MEoe
haploinsufficiency tha% om ir}l ir r}bf@ absorption in the small intestine
or defects in hepatowon asi ilati

&
(Guﬁm et al., 2005).
&
2.9.2 Nh roine'h?u:ctas@ytb)

¥ g
Duodenal cytochrome b reductase (Dcytb) is a transplasma membrane

rj the “fron coqtent was lower indicating
a

oxidoreductase, that catalyses the reduction of Fe®* to Fe?*, facilitating it to be
transported into the small intestine’s enterocyte during the iron absorption. Dcytb is
aencoded by the CYBRDL1 gene in chromosome 2 (2931.1) and is mainly expressed in
\the brush border of duodenal enterocytes (Westhuizen et al., 2002). Dcytb coming from

the cytochromes b561 (CYB561) family, frequently use electrons generated
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intracellularly from ascorbic acid. Dcytb is also capable of reducing cupric copper
(Cu?") and ascorbyl radical (AR) (Luo et al., 2014). The expression of Cytb is heavily
influenced by iron, hypoxia, erythroid activity and increased systemic iron requirement
(Asard et al., 2013). Dcytb is regulated by iron level through the action of heterodimeric
transcription factors known as hypoxia-inducible factor 2- alpha (HIF2a). A low level
of iron leads to direct activation of DMT1 and CYBRD1 gene by HIF2a, boosting iron
absorption in the small intestine by increasing the expression of apical transporter
(Mastrogiannaki et al., 2009). While complete ablation of Dcytb in mice results in no
apparent defects in iron homeostasis when fed iron-rich or iron-deficient diets, they
have less non-heme iron in the spleen and significantly decreased levels of reticulocyte

mean corpuscular haemoglobin than control mice (Choi, Masaratana et al., 2012).

=
2.9.3 Ferroportin

- J

\\1 A

Ferroportin, also know I n-': anap&ter 1 (IREG1) is a
o

transmembrane protein encod\;‘% the 40A1 gﬁ&golute carrier family 40,

member 1), responsible f orting ir nto@ bloodstream (Haile, 2000).
(
Ferroportin level is regufated by dirget.in aﬁi%with hepcidin in which it binds to

ferroportin and in céﬁ& interhaliz ion, Sl@uently decreases the export of cellular

iron (Ganz Mth, 011).~Inejex r@on of ferroportin is dependent on iron
'

availabilit thyes ion \&Jdownregulated during iron depletion and

signifi:a i creasefj rmg'iron;;‘eupplementation (Sangokoya et al., 2013). Mutant

N
mi erroportin deletion‘l'(éillted in embryonic lethality while heterozygous mice

‘éi mild disruption of iron homeostasis (Donovan et al., 2005). Ferroportin is

iquitously expressed and most abundant on the basolateral membrane of duodenal

enterocytes, hepatocytes, macrophage and adipocytes (Sangokoya et al.,2013).

28



2.9.4 Ferritin

Exist as a hallow globular protein, ferritin is an intracellular iron carr
storage, comprised of two subunits namely heavy and light subunit. Hea@nit [
encoded by the FTH1 gene in chromosome 11 (11g12.3), important forﬂ'&otake into
the protein, while light subunit, encoded by the FTL gene in chromos&e’g (19913.3-

13.4) is responsible for facilitating the formation of iron Mtion inside the
i hZof

protein core (Drysdale, 1988). Ferritin has a molecular 74kDa and can

accommodate up to 4500 iron atoms (Pantopoulos et al'w2012; Ferrei a‘l., 2000).
Iron enters ferritin with the help of iron chaperon ih and whe Cﬂ'il‘%‘) on is
released via ferritin degradation performed er Iys'o or \Q/%feasomal

ira\al., ), complete

pathways ( Zhang et al., 2010). Accorw Fe

abolishment of the Fth1 gene resulted e increased in

tissue damage that further led to en‘%ic Ietha\r—ifgx

N,
Meanwhile, conditional Fthl triggers 'om-ind@d oxidative damage in

||u|@‘oi|e iron pool and
5 ;@*5 days in Fth 7 mice.

-

yt{)ssbome are being secreted into the

hepatocytes due to an inability to“se u[ a detox@iron (Arosio & Levi, 2010).
the

Even though ferritin i ound i

4 ¢ &
serum, where it act&eﬁiron (]a ier~The prﬁcﬂon of ferritin is majorly triggered by
the presence ofw nCey; 'ferrieifié frequently utilised as an indication of
¢
total body ir %agn e and oﬁtoc‘éi?ease associated with both iron overload and
i

N
Seer le ncreases in response to systemic iron load or

infegtiony(Pantopoulos et al., @ Wang et al., 2010).

3
N

iron defiCi
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2.9.5 Transferrin

In the body, all circulating plasma iron is bound to blood plasma glycow
called transferrin. Transferrin is highly conserved with a molecular weight @a. In
humans, transferrin is encoded by the TF gene located in chromoso q22.1) (F
Yang et al., 1984). Transferrin is mainly produced in the liver, howevgr, some organs
including the brain and testes also produce transferrin for Iocﬁei ransferrin exists

as a bi-lobal protein consisting of a polypeptide chain wi mino acids and two

um a%%n-bound

9, Ma@?& de Sousa,
2008). The main role of transferrin is N ilvaand transfegiron t@fﬁissues. It mainly

@k place and from the

N,
led from s eecent@ blood cells. Iron bound
Transferrin is internalised b@or-? ate gis via clathrin-coated pit. As
t e

ndo
free iron is toxic, tra in ‘chelatestthe e'irsbthus also acting as a protective
4 ¢ &
ation. of r

scavenger and pre the ch %Ne oxygen species (ROS). Severe

mutations in % in atrar@'finaemia, a rare hereditary disorder
¢

!

characterise iron oyerloa 'n&o(-_f}c?emopoietic tissue while continues to have
NN

severe ifon,deficiency ia. Th-ié\mutation has been detected in both humans and

T
ratsﬂaer et al., 2000; Tre@t’al., 2000).

3
N
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2.9.6 Transferrin receptor

Transferrin receptor (TfR) is a cell surface receptor, regulates the uptakevﬂm
into cells via receptor-mediated endocytosis of iron-loaded transferrin. En@ﬁy the
TFRC gene located at chromosome 3 (3929), TfR is a homodimeric‘ﬂ*wembrane
glycoprotein. Once the halo-transferrin complex binds to TfR in the%¢ell surface, the
internalization thru clathrin-mediated endocytosis occurs, foll thhe dissociation
of iron from transferrin. The transferrin/TfR complex in n son]e is transported
back into the cell surface and can be recycled for ano cellular iake. The
uptake of transferrin-bound iron through TfR is the%ry source of roh fﬁ—\ylvmost
all cells as transferrin is abundantly available stl% d. I:@?Ee, it can
sustains a relatively large amount of iron inﬁg:liﬂiin ( alcati,é}lv.TZOl?). TR
is ubiquitously expressed in all tissue %I, withe d Ie@f TfR isregularly
found on numerous cancer cells an@ﬂ'ng infla 'gn Q{n\et al., 2018). Levy et

&

al., (1999) was the first to dem%\hat

embryonic lethality due to %\t‘h e] opoletic agﬁurologic development while

targeted ablation of TR i ociated wit micm&ic hypochromic anaemia. Wang
’ &

et al., (2020) sho Nt\hat Ios‘s selegaly in hemopoiesis stem cell (HSC)

significantly impairedsiron dm H%dly impairs the expansion of functional

!
¢
HSC in the %rrow nmi M’icedé&ing TfR in muscle also found to exhibit iron
% NN
deficier% scleja ';issu% liver before rapidly developing a dramatic and
k3

Iethmotype, while point @ﬁons of the TR caused microcytic anaemia that does
e

n Xond to iron therapy (Barrientos et al., 2015 ;Conway et al., 2018). TfR is not

c%mpl disru of mouse TfR” caused

nly important for iron import, but also essential in intestinal homeostasis. Inactivation
f TR in mice intestinal epithelium cells caused severe disruption in epithelial barrier

and early death (Chen et al., 2015).
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2.9.7 Hepcidin

Hepcidin is encoded by HAMP (hepcidin antimicrobial peptide) g?m
chromosome 19 (19g13.12) and was originally known as Liver@ssed
Antimicrobial Peptide 1 (LEAP1). Hepcidin is highly expressed in t followed
by a fair expression in the heart and brain. Hepcidin is a major regulator of systemic
iron homeostasis, and its dysregulation leads to the pathoger%é variety of iron

related disorders. Hepcidin inhibits iron circulation int smi by binding to

ferroportin on the cell’s plasma membrane, inducing ly al g.r}dagd Hepcidin
23

re'as&&%z: the

retention, which

ility indhe C ulatio%;é;topoulos et
al., 2012). Hepcidin prevents the ir\ ;ioainto blo rcu@%] after duodenal

absorption, inhibits iron release frcﬁ%
hepatocytes (Girelli et al., 20%7\'
resulted in severe multive% on
levels (Lesbordes-Bri , 2006
’ 4 F &
pancreatitis (Lunj@, 20@ rmc&.ﬂepcidin is also influenced by various
stimuli. RBC tw n, ch?; 'dneyééase, repleted iron store, genetic factor,
E ‘

presence of iron. Inactivation of ferroportin c irftracelldlar,

directly restricts iron absorption and bioavai

ﬁh‘ize deposited iron in

e

=
3,
[w]
(¢°]
=B
(%2}
o
o
@
<
o8
o
o
(9]
o
o
=0
=
o
=.
(]

Hepcidi

inflammatio ni{r}(gaon increases hepcidin level. Meanwhile,
N
ineffect% thropDi ',IDA, hypoxia, chronic liver disease, hereditary
herrmﬁmatosis decrease e@h{din level to ensure enough iron supply for
e%*hoiesis (Girelli et al., 2016). Hepcidin is influenced by many different stimuli,
everal

Q stimuli may be present simultaneously thus, its production is depending on the
lative strength of each other. For example, in severe iron deficiency, the hepcidin

output tends to be low even though there is an inflammation (Jonker et al., 2013).
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2.10 Date palm (Phoenix dactylifera)
Phoenix dactylifera, generally known as date palm is a monocotyledo

that predominantly cultivated in the Middle East. The word dactylifera m@j\lger-
bearing’, referring to the clustered produced by this plant. Dactylifera‘léo‘ived from
the Greek term ‘dactylus’, which means finger and the Latin termous’ means
bearing (Al-Alawi et al., 2017). As the authentic wild an M still yet to be
identified, the origin and the domestication of today’s '%de'te palm remain
obscure. Currently, about 5000 date varieties are grown nd t M‘has been
consumed as a staple food in the Middle East re nd some Af cein &@Ee&
Different regions produce different date palms waki tha&!ﬁ‘ I eir@noleptic,

edjoq@g;glet Nour,

omr@ry consumed date
a}@e age of 5 years and

palm (Khalid et al., 2017). Date @5 ees sta\‘ru&n

N,
ata f the Food Agriculture

Organisation (FAO) recorded that the g[ @date palm amounted to about
n

9.45 million metric to 9 mill trit m@‘in 2019.
4 F &

Date palm$1 iniﬁe{ cterg.by hot and low humidity and can be
et

of var@levels of organic and mineral nutrient.

grown in a div&
¢
Date palm a own to be abl tJIer tes soil salinity better than other cultivated fruit

NN
crop. IS alsowconfer dif 'gnt e@ml (colour, texture) and internal (sweetness,

che composition) charact\e@ics during growth, depending on the maturity and

r%&stages (Al-Alawi et al., 2017). Date palm goes through five stages of formation
nabri

Q ipening by their Arabic names; Hababuk (post- pollination), Kimri (green, unripe),
halal (full-size, crunchy), Rutab (ripe, soft) and Tamer (ripe, sun-dried) (Al-Mssallem

et al., 2013) (figure 6). Date palm is typically harvested at the Rutab and Tamer stage
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where they become edible as a result of decreased bitterness, increased sweetness and
improves tenderness and succulence. Ripe date palm especially at the Tamer sta?’e

considerable economic value due to their good storability which make th@!\able

for consumption in all season. A
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Figure 6: The growth stage of date palm fruit. Theldiff
fruit after days post pollination (DPP). (A%Me

For Muslims, date palms are fr}igous:‘alug

and prophetic Sunnah as the ultima erfeod for the pre @ation of health as stated
Y&
in the Al-Quran in surah An-l\m ' %} X

\
“And from the fruit of'the g; trees|and apev{?? you take intoxicant and good
9? ' 4
hat is'a si ¢

provision. Indeed, in,t a'people reason” (Al-Quran, 16:67).

&

The date palm w. resse re than 20 s, more than any other fruit plant in the

AI-Quran,the&j holdsa s il pIaEE)n Islamic tradition and culture. The Prophet

O
Muham as}) n give h@preference and significance to the date palm,
22‘4 b 4
u

urging Muslims to eat dates an@ntain date orchards. The Prophet Muhammad ()
s M
ere is a tree among the trees which is similar to a Muslim (in goodness), and that

iS the date palm tree." (Sahih al-Bukhari, 65:359).
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Due to its high natural sugar contents, date palm is considered a naturally high energy
food for a quick boost. Hadith narrated by Aisha reported Prophet Muhammad‘?us
saying (’)

“A family which has dates will not be hungry” (Sahih Muslim, 23:50A

As date palm flesh contains a predominance amount of reducing smat is easily

digested and absorbed, it is customarily used to break the fast ;E ut the month of

Iw there are
-3

tis

(Al-Tifmi 9]52@

I\/% (%) %&—to break
X

W, encpﬁres tes, t@vnh the dried

dates and if no dried dates, then with a& of water ad, é%& Abu Dawood,

2356). By eating dates after fastmg(‘hjlevel M Qse |II quickly return to
N

normal, and help prepared the to r&elve ad th reventing overeating. In

Ramadhan. The Prophet Muhammad (%) reported as sayin

“If anyone of you is fasting, break your fast with dates fo

no dates, then break the fast with water as it is purif
It is also narrated by Anas ibn Maalik that the

his fast with fresh dates before praying. Ift

Islamic tradition, the consumptlon of date palm has also been emphasized during

. Llng é Ny

pregnancy and after chlldblrth Acco @Maryam Allah also instructed

Maryam to consu &hly I’Ii) e pal h|Ie she was experiencing pain and

dlscomfortdurlk testagg erpr@%ﬁcy,
IS

"Shake towards yourself the trunk of the palm-tree, and fresh ripe dates will come

Qe | )) X

tumbling upon you. Eat sr_z_d a‘lrink, and delight your eyes” (Al-Quran, 19:25).
A

Muslims are recommended to consume an odd number of date palms as narrated by
~ .
Anas Bin Malik: The Prophet Muhammad (%) used to eat odd numbers of dates (Sahih

——

Bukhari, 15:73). However, it is more advisable for Muslims to eat 7 date palms as The

Prophet Muhammad (%) said:
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“He who eats seven Ajwa dates every morning, will not be affected by poison or magic

on the day he eats them”. (Sahih al-Bukhari, 70:74).
“~

The Prophet Muhammad (:) consumed varieties of date palms, however, @o;red the
variety known as Ajwa. Ajwa date palm is indigenously grown i ina, Saudi
Arabia. It is characterised by an oval-shaped, medium-sized d Qh skin colour

ranging from a dark brown to almost black. \,

2.10.1 Biochemical composition of date palm

Depending on cultivar, stage of ripening and w conte te'll is
comprised of 50-88% sugar, 5-20% water, 3-1 de flbre % prerbc.l',) 1-7%
protein, 1-4% pectin, 1-2.5% ash and 0.1-0.5% shra Idi- Es{?zﬁnl 2011).

Each kilogram of date palm provides app%’ﬁwely 1570 3000 ch es, making it a

natural energy-rich food. Date palm isa ene%fo Wne |ts high content of

carbohydrates. In the early stage I’I%/ I s hlgh sucrose which
then is converted into simple @sug lu se a d&ctose during the ripening

process which makes it very (Alift al.;2012). I@ite the low quantity of protein
[
i oacQs/wtal to the human body. Date palm

O

ids sue@s arginine, cysteine, glycine, histidine,

found in date palm, the tein contaigs

contains 18 type tlal almno

isoleucine, p n 0 me é_l-gussaln et al.,, 2020). Amino acid are the

buildlng prot ns ng&other biomolecules like neurotransmitter and

hormo: play |m ant rolezm cellular processes. Kwashiorkor and marasmus

clinical disorder caﬁscéa by inadequate amino acid intake (Khan et al., 2018).

arK
%ﬂlm is also enriched with dietary fibre of both soluble and insoluble fibres. The

Omary components are cellulose, hemicellulose, pectin, lignin and insoluble proteins.

The higher content of dietary fibre in date palm promotes satiety and has a laxative
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effect due to its bulking capacity. Dietary fibre possess numerous therapeutic effects
and has been linked to decreased incidence of constipation, helped in maintaw
healthy weight, supported the growth of intestinal microflora and Iowere(n}sk of
diabetes and heart disease (Li & Komarek, 2017). —\

Date palm also contains numerous minerals and vitamins. Migérals present in
date palm includes potassium, phosphorus, magnesium, sodiu am. The date palm
also contains calcium, cobalt, copper, fluorine, mangane FY

inc'(Dghaim et al.,

2021). These elements are essential to the human body-*Magnesiu Icium are
23

significance for the development of healthy b(@:ssium an hc’spﬁﬁz‘ are
important for energy metabolism, sodium is i in{ tion.Q/Rﬁuid and
electrolyte balance, fluorine is useful for ;g:f Y, an@ovrris essential
for red blood cell production (Soetan{%). Da a@Upplies at least 6
vitamins; thiamine, vitamin A, ritﬂjin, pyri

r,vQ\nd ascorbic acid that
N,
essential for normal human grt%i de\’élop n (M('Ql‘@c?et al., 2019). Date palm

alsorichin phytochemicalsg \Ecateni , phyitoster henolic acids, sterols, tannin
I lan er"vsbtompound that has therapeutic

and flavonoids. Phyt i a
4 ¢ &
properties that may previde bm ectsgen used as medicine or as part of one’s
everyday diet (Al-Alawi et : &
YIS
2 9
2. Ith b nejlpo dzﬁg\%&ﬂm
Wic evia'e pﬁved@t there is wisdom behind the prophetic practices

N
ofs@ng date palm. Dateb%l?n brings about tremendous medicinal values, that are

is

ial to human health. Date palm flesh possesses high sugar content that provides

Otant energy and is readily accessible. Consumption of date palm in late pregnancy

also increased mean cervical dilatation resulting in reduced labour length process and a
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significant decreased in labour augmentation (Al-Kuran et al., 2011; Kordi et al., 2017;

Kordi et al., 2014). A study by Razali et al., (2017) demonstrated that even though {here
AN

was no significant difference in the mean cervical dilatation in control zgd date
\'
consumed groups, the consumption of date palm indeed significantly reduced the need

——
for labour augmentation with oxytocin. According to Royani et al., (2019), daily

o Y
consumption of 7 Ajwa date during pregnancy has remarkable potential in decreasing

A
the mean arterial pressure (MAP) and roll-over test (ROT) in gegnar;t women at risk

of developing preeclampsia. < '\d
"X

Date palm has been shown to have anti-t I properties asl ik@tains

.E% 14).reported that
9 _
denogécmoma cell in-

vitro. Consumption of date palm also wa ben@‘l‘al bacterial in the
colon such as bifidobacteria, thus Mntribute\he%wa' @nce of healthy bowel.

A study by Siddiqui et al., (2019%ered?hat d paln@ct was effective against
human hepatocellular carcinoma HepG ine. The@y found that ethanolic extract
of Ajwa date pulp con%r%t?ve col#d B-Dblucan mediated anti-proliferative
effects against HepG2,cells. Si N ies r

date exhibited ag’téhobia

flavonoids, namely polyphenols, steroids and g

date palm extract is effective in inhibiting t

. Cereus

such S. auEi .
\
pneumo% E. cali ret aiSV\ZOZZ; Abdullah et al., 2019; Samad et al., 2016).

elw',&al., (2016) found What the therapeutic index of amphotericin B, an
N

a%’ H al drug, improved significantly with the date palm extract. Moreover, the

ous extract of date palm also shown to protect human red blood cells against

G
totoxicity induced by amphotericin B.

uy]
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Numerous studies demonstrated organ protective effects and anti-inflammatory
activity of date palm against toxicity caused by natural toxins, industrial chemw
due to complications of drug in vivo and ex vivo. It was revealed that date @tract
had hepatoprotective effects against envenomation with Cerastes ce venom in
albino rats. Rats treated with date palm extract pre or post-injection ofy@ single dose of
venom showed a significant decrease in liver injury parameters compared to venom
groups without date palm (Bashandy et al, 2016). A study &(.20}8) reported that

Ajwa aqueous extract has a therapeutic effects against al toxin oxin A, in
3

ly improv o}t-‘tfa;‘w:ent.

with fg aIIy.@'inistered

le d‘npr menl,%ﬁ. reversal of
diclofenac-induced pathological chanNEah lung andyliver i@ rats (Aljuhani et

al., 2019). Treatment with 300mg/L€a3eous wn i E&tract of date palm for
N,
i i a@tions of liver tissues in

7 days showed a marked redu histopathological

&/

rabbits subjected to azithro%ci\loxijt ad eé., 2018). Ragab et al., (2013)
demonstrated that % ical P ofil "se@f antioxidant enzymes and

histopathological ,@ WerT ignificantly émoved after 300mg/kg of date palm
extract was givw bits ith @’acetate toxicity for 14 days. A study by
¢

!
Al-Yahya e %316) howe th&q det_‘s‘aalm not only attenuated the cytotoxicity of
NN

which the bilirubin and ALT enzyme activity signi
Meanwhile, daily treatment of acute diclofenac

Ajwa date extracts for 4 days resulted no

dichloroffugreseein ig'cardiemyobl ell lines (H9C2) but also promoted cell recovery
and eration. The study @showed that date palm extract downregulated the
e \on of the proinflammatory cytokines and apoptotic markers in myocardial
infarction (MI) induced rats with histopathological analysis revealed reversed

yocardial membrane damage. Zhang et al., (2013) showed that date palm extract was
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able to inhibit lipid peroxidation (LPO), and cyclooxygenase enzymes, COX-1 and

COX-2 that are responsible for initializing the inflammatory process in the bode

2.10.3 Beneficial effect of date palm on IDA (’)

Earlier studies have proven that date palm offers anti-anaemic " potential.
According to Onuh et al., (2012), crude methanolic and crude a% xtracts of date

palm improved RBC, Hb, PCV, reticulocytes, and platelet in anaemic rats,

te p‘lm extract may

al., @13)
N
d 041 asi?w iron
b i

in"Hb co@'htration in
date rﬁ extract. The

{<

supplementation of date palm also resMn a high pe ta§®surviving lamb at

birth with significant increased n Iittner%xlror‘):)%indispensable during
ent, thus &‘ N

pregnancy for foetus develogx idi at&% high energy food for the

mother would be of great be?ul im[,act 0 f()S.@rowth, survival, and postnatal
? [

suggesting that tannin, ascorbic acid and phenol containe

have stimulatory effects on the bone marrow to support haemepoiesis.
showed that date palm juice significantly increa@vel in rats

' 4

D

diet. Abdelsalam et al., (2014) showed a signifieant incr

anaemic late pregnant Najdi ewes whenfsu ente

health status. In human, numerous st s.‘b% conducted to investigate the effect

N\ @)
of date palm on @indic&s. A rding(i}%frandegani et al., (2019), consumption

N
of date palm j Nont sy\?; ully Ln%n:eased Hb, haematocrit and serum ferritin
'

re WithSI-DA. Abdel-Rahman et al., (2008) had similar

o

N

levels in choo Chl:v
findin:Wh congu ion of é;dates daily for 7 weeks increased Hb, iron and
[

els in anaemic ptian women. Sari et al., (2018) revealed that

fer\
‘%)rating date palm to iron supplementation raises the Hb level of teenage girls with

Oemia. Meanwhile, studies by Widowati et al., (2019) and Mawaddah, (2020),

demonstrated that the supplementation of date palm extract increases the Hb level in
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anaemic pregnant women and teenage girls, respectively. These findings suggest that
date palm, regardless of the variety and type of extraction is rich in beneficial nutv'ml

contents, that supports haemoglobin and erythropoietic synthesis. ('}

211 Goat milk

Goat (Capra hircus) was one of the earliest domesticatedﬂim’; and is one of

the primary suppliers of milk and meat products for human use.?surding to Food and
Agriculture Organization of the United Nations (FAO) dat WG@:dgdairy goat
population was predicted to be 218 million in 2017, with a goat milk vo of roqg-hly
| S
18.7 million tons, accounting for 2% of total g milk producti (MiH& & Lu,
s b §
an i

2019). The majority of dairy milk comes WAnW Alpine,

Toggenburg and Saanen breeds and is % y processed’into c@e, butter, ice

(<

cream, yoghurt and other products. m gene\ral h beenQnsumed by many

r_ -

Muslims, following the sunnah ofaThe Prophet Muhammad (£°): Milk was mentioned

~ '@ v >
several times in Quran and th ﬁmis in a nda&é& the Paradise Hereafter;

“And indeed, for you in gra esto’k son.@give you drink from what is in
their bellies-between e% and blo rg‘raj&(, palatable to drinkers” (Al-Quran,
16:66) &\ l Q%b

: - . . .
“Is the descri N Paradise, which t@()ughteous are promised, wherein are rivers
’ 4
of water , rivers o?m k th&tﬁste of which never changes, rivers of wine

delici Wse Whgd and r'vers of purified honey, in which they will have from
N

alléof] fruits and forgﬂ?gt?ess from their Lord, like [that of] those who abide

‘ély in the Fire and are given to drink scalding water that will sever their

Oestines? ” (Al-Quran, 47:15)
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Milk is packed with excellent constituents and has favourable effects on human health

considering the total solid, fat, protein, mineral and vitamin, supplying enew

nutrients required for growth and development. Narrated Abdullah ibn Ab@}

The Prophet Muhammad () said: “When one of you eats food, he sho : O Allah,

bless us in it, and give us food (or nourishment) better than it. When miven milk to

drink, he should say: O Allah! bless us in it and give us more @%o food or drink
l

The Prophet Muhammad (%) regularly drinks milk, espeeially w eWas scarce.
larl Th ph
regular e Prophet
Quiprlyaly The P

dd%, "("

edlr@e passed by a
(Ab@kr Siddiq) said: |

satisfies like milk ”. (Abu Dawud, 20:3721)

Raw milk from camel, goat and sheep were cons

Muhammad (%) (Akgun & Ozturk, 2017). Abu

“As we went along with Allah’s Messenger{&

shepherd and Allah’s Messenger () h’\g thirsty.

milked for him a small quantity of nd p(\ght it to him (Prophet

Muhammad (£), and he drank %M @1 Muslim, 36:112)
¥ A
t md@

2.11.1 Biochemica Sltl’n of

The physical cr% stics an pa ion of goat milk varied according to

\ (./
breed, lactation p io @th St% fthe udder, diet and environmental

conditions. Phys llk lé_)@te opaque, and has a hint of sweet taste
and alkali i has verage of 13.2% total solids, which includes
4. 5%f , 80 protel'rT, A:factoszg;\d 0.8% minerals. (Turkmen, 2017). Lipid is one
essential componehican milk since it influences the price, nutritional value,

I and sensory aspects of dairy products. The fat present in milk is dispersed in a

Qm of emulsified globules of 3.5um in size, smaller than that of 4.5 pm cow’s milk.

The fat globules with smaller size give a better dispersion and more homogenous
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mixture of fat, giving a smoother texture in goat milk’s derived products (Park, 2017).
The chemical and physical features of goat milk fat globules are comparable to t?m
cow milk, but it lacks agglutinin, a protein that causes fat globules to c@ and
aggregate, particularly at a low temperature. Goat milk fat is enric hort and

medium-chain fatty acids (FA) like butyric, lauric, linoleic acid, caw:apryllc and
surface area for

capric. These short and medium-chain fatty acids contribute t Iar

digestive action by lipase, allowing an easy digestion and ion c'f milk fat. They

ankar MlG) Goat

ic acids tha w’m&@/hlch
% ntuo@@hts anti-

are also the reason for the ‘goaty’ odour characteristic

milk contains a greater concentration of conjugated li
has been shown in animal studies to offer he
oa ilk | enrlched in

medium-chain triglycerides (MCT), Masists of ed @'aads with 6-10

carbon chain, that is rapidly metabo@Sto prow\’ne%y ;:(\kmen 2017).

N,
Lactose is the prlmary%dratenm g tanil%,g&?)duced in the mammary
gland and is made up of gl@ aE e. Goat ontains about 0.2-0.5% less

;1% I@ounts of carbohydrates found in

goat milk includ e osacc@ycop s, glycol-proteins, and nucleotides

Wldety-ég‘écognlsed for its antigenic characteristics

lactose content than th milk

sugar. Milkoll acc rlde

!
and is valua S muI |n t grg 0 enef|C|aI gut flora (Kalyankar et al., 2016).
\
Proteln oatrmilk fis sed cz}aseln and whey protein. Casein is a family of
Y |
rela osphoprotelns and co@hsed of four different fractions namely aS1-casein,

% ein, k- casein and B- casein. Meanwhile, the portion of milk proteins that
in

Q s soluble in milk serum following casein precipitation at 20°C, pH 4.6 is called
hey protein. It is also known as the by-product of cheeses or casein manufacturing. A

major component of this fraction are f-lactoglobulin, a-lactoalbumin, serum albumin
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and protease-peptone fraction and immunoglobulin (Ig) (Farrell et al., 2004). Goat milk

has more calcium, potassium, chlorine and phosphorus than cow or humavnk.

Although the micromineral level may not fluctuate substantially, the amo@vary

according to breed type, diet, and lactation stages. Goats convert all - e in milk

into Vitamin A, resulting in milk that is entirely white and containinRoTe Vitamin A

than cow milk. Additionally, it also provides ample amount fwlutrient such as
&

niacin, thiamine and riboflavin that are crucial for energy m ("’urkmen 2017).

2.11.2 Health Benefit of goat milk - \-(w

The most intriguing aspect of goat milk is4 tlonal ig |I'ty-3Ihe high

proportion of small size fat globules in goat mi tri reater dlspersmn
and a more homogeneous mixing of fat i Mk, resulti effi ﬁdlgestlblllty.
This smaller size, paired with the lack o utinin, a protein thaQJses fat molecules

to coagulate together, increases t Gf&e ar%b les 5@ come into touch with
¢ ¥,
ff

pancreatic lipase, resulting m& igestion hanced lipid metabolism

(Park, 2017). Goat milk als?ﬂmns 1high r porﬁ@f medium-chain triglycerides

(
(MCT). MCT is a form%ﬂated ds'c g&}alning 6-12 carbons atoms that are

easily digested a& |ver|burn by t e{Body for energy. Due to its small size,

MCT is absor. Nact irectly~inta th&)@l@odstream and rapidly transported to the

'
liver mito, ;ﬂ?d |on~édbroduce a rapid energy discharge (Neha &
Berke ). Cov'; aﬁlergy;;ﬂs the most frequent food allergy in the paediatric
po (Hast, 2002; LIfSCh’t&%L Szajewska, 2015). It is caused by the allergens aS1-

and B -lactoglobulin, which trigger the body to develop IgE antibodies, which

On initiate an immunological response that produces symptoms including dermatitis,

asthma, wheezing, gastrointestinal issues, or anaphylaxis (Hochwallner et al., 2014).
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Even though heat denaturation can destroy some of B-lactoglobulin allergy-causing

properties, aS1- casein, however, can retain its binding capability to IgE even

=

strong denaturing process. Thus, due to its naturally low aS1- casein Iev@mil

has been suggested as an alternative for new-borns and children wh nsitive to

S1-casein in cow milk. ?

Goat milk is rich in oligosaccharides with a structure_similar to human milk.

Oligosaccharides are resilient to gastric acidity and enzy olyies in the colon,
and hence may be fermented by intestinal biota, influencing the oWn, activity
3
. | P 9
and growth of intestinal bacteria. Daddaoua et al., (20 owed the -|‘f|@atory
m% ed b;dre trinitro

v

benzenesulfonic acid (TNBS) in rats. Theksup mem?tio f 50 g goat milk

effects of goat milk oligosaccharides in colon

oligosaccharides for 6 days significw uced the res@<1< of predominant
,(.3,*(2018), demonstrated

cytokines iNOS, COX2 and IL-1p. Qﬁyonany, \dm%S
S

that dried goat whey succes%oduﬂte t men(wgy and cortical spreading
yliciacid,

depression in rats. They su hhaﬁ' @ne, and linoleic acid in dried

goat whey played a c% le in;w}g‘ b\@ development and body weight
&
improvement in Whe(@ %(_/
Raw gowi as a i andé‘fplex autochthonous microbiota. Milk in

!
¢
the healthy r ¢ells are ste uﬁt @(e'rgafter quickly colonised by microorganisms

NN

through% resourc ,',from&at apex, milking equipment, feeding and
kY

envm&nts (Quigley et al.\egt’j). These microbes can either promote health and

e food safety or cause milk spoilage due to improper handling. Goat milk
ontains several bacteria families renowned for their probiotic benefits such as
actobacillus, Lactococcus and Leuconostoc (Quigley et al., 2013). Cavicchioli et al.,

(2018) revealed that bacteriocins from L. lactis subsp lactis and E. durans strain isolated
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from goat milk possess antiviral activity that can inhibit the poliovirus (PV-1) and
herpes simplex virus 1 (HSV-1). Goat milk and its derivatives exert a protective

against parasites H. contortus (Alimi et al., 2018) and wide range of bactefiaincluding
S. aureus, B. cereus, E. coli, K. pneumoniae, S. marcescens, L. moﬂ&genes, P.

aeruginosa, L. inoccua, , S. flexneri, and E. cloacae (Hernéndez-SaRz?et al.,2016).

2.11.3 Beneficial effect of goat milk on IDA T

Diaz-Castro et al., (2014) reported that the iron transpor er' divalent metal

witlwgoat
NS

a (!t af%zms)
b

expre@én of pro-
of rﬁic rats during

ted 9@ milk significantly
AN

improves haematological parame;g‘aa pwéﬁo tiv@tabolic responses that

4]
may minimise cardlovascular‘K d vastular damage ﬁng anaemia recovery and

A\
iron overload. Moreno-FerrWH et al’, (2029) dem@rated that goat milk may also

transporter-1 (DMT1) was significantly upregulated in anaeémic rats t

milk compared with cow milk and normal diet. by Lopez-A

' 4
t

showed that consumption of fermented goathowe

inflammatory cytokines and improves theCae lo icoéj

S
exerts a potential neurwive effge rﬁqu,) ion of fermented goat milk during

anaemia recovery@wd br:‘in m cularé%umeters in IDA rats.
a

Milk i ﬁ&\in calcium is Qg@cial for bone mineralization, preventing
'

osteoporosi ium, ye mg&*\ave a possible detrimental effect on other
divale:t‘@ as calCiUii Inte

€X

rfewith dietary minerals absorption. Even though the
anism is yet to be\&l\éidated, several studies have demonstrated that the
‘%tm of calcium in the diet reduces iron bioavailability (Candia et al., 2018; Monica

I., 2018; Thompson et al., 2010). However, a study by Lépez-Aliaga et al., (2009)

revealed that the consumption of calcium-supplemented goat milk by anaemic rat had
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no deleterious impacts on iron absorption. They find that, despite its high calcium
content, goat milk minimises calcium-iron interaction and so has no negative e

iron absorption. Similar results were reported by Diaz-Castro et al., (ZO]Qﬁ\l/hich
they discovered that not only does calcium-fortified goat milk favou eficiency
anaemia recovery, but it also increases the bioavailability of copper, Wal essential
for erythropoiesis. Prior studies have shown that goat milk proyides a¥etter use of iron,
which minimizes possible interaction between iron and \ml

e"als and hence,

improve the digestion and utilization of copper, zinc, nesi m.,\p@lorus and

g
selenium in animal models (Barrionuevo et al., 2002, ; Campos I.I 2@
s b 3§

Numerous studies have revealed the bwﬂal ﬂ'ee{ ate R%M and goat
milk both in- vitro and in- vivo. Con%@, res on @sease curing

u
as%nst ily ‘r_LsQ in recent decades.
The purpose of this research is to;’ %@aﬂ; t%tl I vﬁeof both date palm and

7]
goat milk, with a focus on the it of irondeficient a 6$ia.

c,;?"’ S

potentials of both date palm and goat mil
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