CHAPTER 5

DISCUSSION \?
5.1  Nutritional analysis of date palm and goat milk (’)
| for

Consumption of date palm and goat milk is highly beneficial for Tmproving
general health and wellbeing. Nutrients present in date pal Y;t milk like
carbohydrate, iron, manganese, calcium, magnesium, zinc, scorblc acid all
contribute to the health and wellbeing of the body. The t'sugar found in
Ajwa date palms are reducing sugars particularly glucose and ctose ith
concentrations of 31.60g/100g and 29.509/100g oéwelght ﬁ -’8‘52 sugar
content was higher than those found in the pre ed by d et al.,

(2015) with glucose and fructose were 4 00 gﬁd mg/ respectlvely

The study also detected 13. 45mg/100Mse WhICh not o@ted in this study.

The result from this study showe I su c gon c.) into simple reducing
sugar, glucose and fructose d r|pe es s make it taste very sweet.
Every 1 kg of fresh Ajwa m cmiytaln 6m |um, 418mg magnesium and
10.70mg iron. The Ajw was d‘ contam trace amount of manganese

and zinc of 5.23 /k d2. d9mg fresh ht respectively. In this study, fresh

Ajwa date p Mas oun cpn%'lg}moderate amount of ascorbic acid of
9.80mg/1 P |ou;syes de m.é:s‘trated that Tunisian date variety, contains

ascorbicaeld nglng"b ef 17. /100g to 31.86 mg/100g while Bahraini varieties
ra Am 2.0 mg/100g to &%{Hg/loo (Allaith, 2008; Chaira et al., 2009). It had been

nted that the variation in nutritional composition in Ajwa date palm was a result

ogenetlc variation, soil mineral content and fertilizers used. The maturity stages from

Kimri to the Tamer stage notably affects the mineral composition in date palm, in which

‘«%

the sugar content had increased and other constituents like moisture, crude protein,
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crude fat, crude fibre decreased (Igbal et al., 2011). Such variations reflect the diversity
of date palm cultivars. More research on the nutritional and biochemical feature?m
date palm is required. (’}

In this study, the amount of lactose contained in goat milk 9/100m¢
fresh weight. Glucose, sucrose, galactose, fructose and maltose wege not detected.
Fresh goat milk contains trace amount of iron and zinc of Wand 0.99mgl/L,
respectively. Every 1L of fresh goat milk contains 7 alci'lm and 100mg
magnesium. These results obtained are lower than t rev, ouw‘rted with
1550mg/L calcium and 142mg/L magnesium were de infresh g m'lk‘&MpY;no-

Rojas et al., 1994). No ascorbic acid was detected. sh g{ I ene@zvariation,
Y.

dura.@of lactation,
bio@ical composition

environmental condition and goat farmi ractice

milking type, frequency and duration |Ia‘1
and quality of milk (Yangilar, 201(;5

milks are nutritious and benefi%v

5.2  Effects of date pal oat mi ght changes in IDA-
induced rat
4 ’ &
The decline M{s b@ show%ﬂ«at IDA adversely affects growth and
development. Ir@riso ormad:)%htrol group, the body weights of rats in

!
¢
the negative wecr sed st iﬂ'ca@after 4 weeks of feeding with the low iron,

NN
which i% ent wit '}stud@ He et al., (2019). The final body weight after
X

supmﬁtaﬂon of date palm goat milk was significantly increased, as compared
g

t \gative control, and showed no difference with a positive control group given
erfous fumarate, indicating that date palm and goat milk have positive impacts on

proving the growth of IDA rats.
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5.3  Effects of date palm and goat milk on the iron bioavailability in IDA-
induced rat

HRE is used to estimate the percentage of ingested iron that is a s&&:d
converted into haemoglobin. Recycled iron from macrophage _aﬁgescent
erythrocytes are typically used for haemoglobin production. Howeversifithe body iron

N

IS inadequate to meet the physiological demands, intestinal irﬂw ption will be

Wed from the small

intestines into the circulation. As iron store in the bodyai ses, th iI]()n absorption in

stimulated. During an iron deficiency state, more iron is bei

the small intestine will decrease. A higher HRE vale indicates|increase dietary,iron

utilization (Xiao et al., 2016). In this study, HR centag; s higher @egative
w

absorption was low in iron-repleted sw& was jeg ed CQQS|derany in IDA
Than

subjects (DellaValle et al., 2015;

c et
oy é—;?, SN P/SH—
haemoglobin recovery in anaemic ts peflects mt@nron incorporation into
tio

9 %
haemoglobin throughout the N

n peri he gg%drption of iron depends on
N
several factors such asce ngC&ﬂ f'rm dlet@on, organic acids, gastric acid

secretion and the presence” or at@ f"e@ncers and inhibitors in the food

(Mackenzie & G@OS)@N be@ced to the ferrous ion (Fe?*) or bound
> b,
to a protein SL@S mefin erd o'ﬂe eﬂé:ﬁvely absorbed. The low pH of gastric acid
I

in the pro@uod(}nquh faé'{eductase enzyme (Dcytb) to convert insoluble
dietaryafer e3") ions'to ab';or%‘gl'e ferrous (Fe?*) ions, before being transported into
A <,

t Nwa iron transporter BMTl. This process of iron absorption can either be

mal protein and oxalic acid have been reported to impede dietary iron absorption

0 ed or inhibited by certain dietary compounds. Phytate, polyphenol, calcium,
i

(Milman, 2020).
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Date palm has a significant amount of iron, which, when combined with
ascorbic acid, increases iron bioavailability. Ascorbic acid is vital in iron met
as it enhances iron uptake into the enterocytes by reducing Fe** to Fe?'{d @ iron
acquisition in the small intestine. Ascorbic acids were also reported toﬁxe iron and
stimulate the synthesis of iron store ferritin (Lane & Richardson, 201Mnerous prior
studies have shown that goat milk provides a better use of_iron,"which minimizes
possible interaction between iron and other minerals vcr, improve the
bioavailability of copper, zinc, magnesium, phosphorus eleni mwitl models
(Barrionuevo et al., 2002, 2003; Campos et al., 2003 tudy by LG -Ni_@et al.,
(2009) revealed that, despite the high calcium in caﬁl s pple@?ﬁted goat

t|on mﬁ.rat Similar

th (%covered that not
T

milk, it consumption had no deleterious im ts ironabs

finding was reported by Diaz- Castro 11) in

only does calcium-fortified goat m our iro n An mia recovery, but it
also increases the bioavailablll per, len sz@for erythropoiesis.
54  Effects of date paI oat i‘t le Atlon on the RBC parameter
and iron profi -induced raf ! 0
In this stu the ael al p’ eters of iron-deficient state were
drastically dlff nt ' or ndltlon with a significant reduction in
¢

RBC, Hb co atlo PC MEZV a MCH level. After 2 weeks of anaemic
inductl t ereywas DHJ cant erence was observed between negative control

and j,no aI control in regards@-’MCV MCH and MCHC level. MCV, MCH and

ay remain relatively constant in IDA due to compensatory mechanisms that

Q r in response to the anaemia. In IDA, there is a deficiency of iron, which leads to a
ecrease in haemoglobin production and a decrease in the amount of oxygen-carrying
capacity of the blood. To compensate for this, the body may produce smaller red blood
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cells which can help maintain the total amount of haemoglobin in the blood by
increasing the number of cells. As a result, the values of MCV, MCH, and MC

remain relatively constant in IDA, despite a decrease in haemoglobin Ieve@ isa
measure of the average volume of red blood cells, while MCH is a re of the
average amount of haemoglobin in each red blood cell, and MCHC is'@measure of the
concentration of haemoglobin in the red blood cells. In N compensatory
mechanism of producing smaller red blood cells can offset %e:se'in haemoglobin

content per cell, leading to relatively constant values for ein 'ce'?\d
Ky

The iron profile showed reduced serum iron ransferrin r‘ti&ﬁ% iron

available for erythropoiesis is restricted. Seru ho% rkabletreduction
Ji& 5

following iron depletion with a final decr

control of 39.90umol/L. In normal COW ansferrin uaI@% saturated with

iron and low transferrin saturation o@jhan 160hic t

& Northrop-Clewes, 2013). In M%y i
to 6.75%, indicating a seriY' 0 def[ ~Previous studies demonstrated
similar findings with i% ed rats'that lad ldebésed Hb concentration and serum
iron (Chaeychom;Q{JS; Har|)- i
In this Qd% ppl
¢
significantlﬁ moted RBC pr u&io@owing recovery from the iron-deficient state.
t

"
Improv%

Hb & ?tion, V level, serum iron and transferrin saturation
wer noted. Prior wor (%'(/e documented the effectiveness of date palm in

I _\deficiency (Thurnham

sed transferrin saturation

i \hg IDA in both animals and humans. Onuh et al., (2012) reported an
G ovement in haemopoietic activity in which crude methanolic and crude aqueous
xtract of date palm fruit significantly increased RBC, Hb and PCV levels in anaemic

rats. Zen et al., (2013) reported that date palm juice significantly increased the Hb level
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in male rats fed on a low iron diet while Abdelsalam et al., (2014) demonstrated a
significant increase in Hb concentration in anaemic late pregnant Najdi ewew
treated with sukkary date palm extract. Ammar et al., (2020) showed that Qﬁs date
syrup administered to wistar anaemic rats increased Hb, RBC, haema nd serum
iron level. In human study, Irandegani et al., (2019) revealed that coW;tion of date
palm as part of nutritional program increased Hb, haematocri Nm ferritin level
in primary school girls with IDA, while according to &:t'al., (2019), the
consumption of date extract significantly increase Hb content of rew‘man with
anaemia. Indrayani et al., (2018) showed that in addi higher H v‘l,@palm

intervention also gives positive effects in bowe en% C sub.'Le?fs.

of ir(ﬁetabolism

<<

5.5  Effects of date palm and goat m¢' Ne ex;;pss'

related genes in IDA-induce(K
The body iron status affectsee expressi \bf*r?w @qlism-related genes in
N,
pla

both the small intestine and live rgafs ruci%\&me in iron homeostasis in

which the small intestine acts as ingi ietar@on absorption while the liver

regulates iron distribu%ztoragJOur ata @ented small intestine and liver
Dc

4 '
expression of DMT yt ,felr i ,transf{rfr)(ﬁ, transferrin receptor (TfR), ferritin
nl

and hepcidin an{&"o

!
In thi%ent S d)‘/, d‘PC&c'qults demonstrated that the expression of

DMTL1i &EII iQte Dt%/as in@}erent in all groups regardless of the iron status.

This_result IS in contrast with p@zgus findings in which an increased level of DMT1
N

ffaets the egp(ession of these genes.

was detected in subjects with iron deficiency anaemia (Leong et al., 2003;
i

ni, et al., 2002; Shawki et al., 2015; Surekha et al., 2020; Trinder et al., 2000;

Qller et al., 2001). A similar result was seen in the liver, where the DMT1 mRNA

expression remains unchanged despite differences in iron status. DMT1 is a
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transmembrane protein that involved in iron transport, responsible in transporting
ferrous iron into the cell. Urrutia et al., (2013) demonstrated that intestinal inflamvun
alters the expression of DMT1 and thus interferes with iron meta@ The
abnormality of iron metabolism thus subsequently influences the level ropoietic
activity. T

A possible explanation for those disparate observations can at there is more
than one metal-ion transporter exists for iron metabolis V;Trlike protein 14

(ZIP14) is a transmembrane metal ion transporter that 1S%abunda tlwed on the
3

Q{ ated.that ZIP14 is

Zhao,@?.,~ (2010) also
sfer@‘h-vitro, exploring
., A2012) documented that

a potential role of ZIP14 in iron @Iismﬁi&% a
i i ‘ criti

ZIP14 is expressed along the \%and is fozgn absorption and normal
intestinal epithelium functi M1 ila wn to%@nvolved in transporting wide
range of other divalent %gs '(Oub), zinc (Zn?*), manganese (Mn?*),

and cadmium (Cd?* ggestinP e a common uptake pathway albeit

with different afw Lu ' al., . Further studies, however, are required
¢
to specifical!j%e thefrole o IP’lAdé?on metabolism as currently, DMT1 was the
e

coppe

' g

=

E7H

N
rane Arans proteth known to participate in iron transport. Second

only tr

explﬂ&n would be that DM@}i‘;ﬂegral to both dietary iron uptake and macrophage

iron,reeycling, thus it is ubiquitously expressed to maintain normal body iron level.

G , constant DMT1 expression in small intestine may indicate that iron is constantly
e

ing absorbed from dietary site of absorption to compensate for iron loss during daily

activity. DMT1 are also crucial for the efficient turnover of iron acquired from
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senescent erythrocytes. According to Soe-Lin et al., (2010), the loss of DMT1
diminished the ability of macrophages to recycle haemoglobin derived iron; ]
constant DMT1 expression in liver is expected for continual iron recyclin('}

Iron is largely adopting the oxidised state and it must be redu ore being
transported into the cell. Dcytb reduces extracellular ferric iron and othér physiological
substrates by utilising intracellular ascorbate as an electron nNytb MRNA has
been demonstrated in several previous studies to be highly d?d.in iron metabolism
pathway (Dupic et al., 2002; Frazer et al., 2003; unde Dz}d\gal., 2004;

X
Muckenthaler et al., 2003). In this present study, incr expressio [*:3&91 NA

was noted in the small intestine of the negative gr% ed mﬁ MRNA
expression reflects the demand for iron duri 'mlo\ion, omoti@ﬁvgavailability
of reduced iron (Fe?*) for the iron tran@at subseq y re@% in enhanced iron
uptake during dietary iron absorpti is re@;e
al., (2002), in which Dcytb m%s gloﬁally regula{é?\in the small intestine of
mice fed with no iron diet f m :

%

d;rio'a report by Dupic et

ovena Stl@/ Latunde-Dada et al., (2008)
ant 3&@1 Dcytb-transfected Caco-2 cells

d L
than in cells with %emr@& urth%(cohfirming Dcytb as a ferric reductase
that can stimula‘{ pta lo_ T Q‘rﬁtervention of date palm and goat milk
¢
significantl &@ized cytb Rﬁ@ession, which may indicate improvement in
NN

iron abs@rptiony In the'l e expé‘?sion of Dcytb mRNA was indifferent regardless

of img&tus corresponding withprevious finding by Latunde-Dada et al., (2002) in
3

Mey found that iron status does not appear to modulate Dcytb expression in the

d and also in the spleen.
Iron, once inside the enterocytes, is either stored within intracellular ferritin or

be transported across the basolateral membrane through ferroportin to meet the systemic
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requirement. As the only identified mammalian iron export proteins, ferroportin is
essential in iron homeostasis and intestine-specific ferroportin-knockou

developed severe systemic iron deficiency and shows iron accumulation i@cytes
(Donovan et al., 2005). Ferroportin is a transmembrane iron transportél'& has been
described to be expressed abundantly in tissues that transport large amWof iron such
as in i) duodenal enterocytes that absorb dietary iron, ii) Spleni Wer macrophages
that recycle iron from senescent erythrocytes, iii) hepatoc 'xc.h ore and release
iron according to body requirement and iv) placental tr blas wwiport iron
tudy, the A K@Yc:rtin
I \% I canthcaﬁcreased,

from maternal to fetal circulation (Nemeth, 2010). In

expression in the small intestine of negativ

rpﬁ\is high for active
N

erythropoiesis. The ferroportin% expressionr was <s;q;;?ficantly decreased post-
intervention with date pal %oat anir@t less dietary iron is being

transported out into th%l ion. T"‘ ex e’sgiopbf ferroportin mRNA in the liver,

however, was unaf QQregarT
&

study by Chiab al.,
K1 S
in mice cau g*ebo feveb(i? small intestine and spleen macrophages to
% NN
be up-regu , whereas i ';emaiﬂé\unchanged in the liver and down-regulated in
Y-

erythprecursor, showing @‘épecificity of ferroportin regulation. The previous

\ﬁ on st%ﬁs/ This result is correspondence to the

at sh b%d experimentally induced acute anaemia

S Li et al., (2013) also showed a similar result in which ferroportin mRNA
xpression in the liver remain unchanged following iron deficiency anaemia for four
eeks. This result may suggest that hepatocyte as major iron storage is still required for

active erythropoiesis, thus iron efflux from this organ is vital. This result can be also
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reflected in ferritin expression in the liver, in which ferritin expression was significantly
low as compared to normal control. The production of ferritin is majorly triggw
the presence of iron; thus, this result may suggest that a longer recovery tim@\jkeded
to normalize body iron level following iron-deficient condition. -\
Hepcidin-ferroportin interaction play a role as a controlWStemic iron
homeostasis. Hepcidin acts through proteolytic degradati nNrroportin, thus
controlling iron efflux into the bloodstream circulation. Xt;er'ce of hepcidin,
erythropoietic activity enhances dietary iron absorption e small wi\s well as
iron release from recycling macrophages and iron sto in hepatocyies. 'n @;dy,
Il intesti Iiv@? negative
s (Khale aI.,z@:gaganietal.,
2019; Mahajan et al., 2017: Diaz-Ca@, 2014, et @2002). In an iron-

deficient state, hepcidin production ﬁguced to é_ﬂ\mrg ?ge i&l’a\y iron absorption and
to allow the release of stored ir% macﬂ)pha s«and @tocytes. This adaptation

&
mechanism subsequently ha gjle r iren s@ for haemoglobin synthesis
(Camaschella, 2018).%; stu:j' , th :Hepsﬁrn-ferroportin relationship was

demonstrated in i%ﬂcient sit ich gpzidin suppression in the liver boosted
ssionwin t

'inteséh)%,’ increasing iron efflux into the blood

downregulation of hepcidin mMRNA was noted i

control group correspondence with previouw

/

ferroportin exp
¢

circulation, E! img forjcom saf?)r)(.i;?reases in iron acquisition. Post-intervention
ion Wi

iron rep%

in the liver which in turn suppree%d ferroportin expression in the small intestine. Albeit

N

t Nﬂs no significant difference was noted between intervention groups, the positive

NN
th date.pa f'md gc&hnilk significantly up-regulates hepcidin mMRNA

ontrol given iron tablet showed the highest hepcidin expression of nearly three-fold
hen compared to other groups post-intervention, suggesting that iron tablet is indeed

more effective and faster in restoring iron deficiency. Hepcidin is primarily produced
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by the liver and a study by Li et al., (2013) showed that the expression of hepcidin

MRNA is nearly 32-fold greater in the liver than that of the small intestine. T i
for the hepcidin expression in the small intestine requires further investiga \

Iron storage is a critical component of cellular iron homeostasiﬂkgit permits
iron to be sequestered in a nontoxic form while simultaneously serve as@ reservoir from
which iron can be utilised for future metabolic demandﬁ}lfn is the major

intracellular iron storage protein, with the greatest co trationsy of ferritin are

typically stored in the liver. Ferritin expression is regulateéypost-tr nWally (Torti
3

Yw
by ferritin rid@ The

n tho cien@t’e in both
ousq{ud I, et a@iB). In iron-
deficient state, the ferritin available iwall intestinesand Ii\éﬁvere significantly

reduced as iron was continuouslyﬁﬁsed int\hex logdsiream for normal body

N,
function. In this study, results s%hat i%n repletion foi?weeks with iron tablets,
\ &
ableto T H;I}h level in both small intestine

date palm and goat milk wa
and liver. The total b%\qctore istrefle :3'0' in@e enterocytes’ iron storage. Iron

d &
entering the enter;&eco@ ularléﬁi}e iron temporarily, with extra iron is
synthesised int% in. i ' de@&?ﬁ is low, iron is lost via subsequent
¢
exfoliation &e@nal itheli CJIS(AJ(;?)nIy 1-2mg of dietary iron is absorbed daily,

NN
the prir% ces gf pl ? ironé\e senescent red blood cells phagocytosed by the
k3

a es in the spleen, Iiva}énd bone marrow (Gkouvatsos et al., 2012). Liver

N
h%ﬁihe largest population of reticuloendothelial macrophages in the form of Kupffer
ells, th

Q , thus during recovery from the iron-deficient state, iron is also being released from
e liver to support erythropoiesis. The result showed that additional time may be

required to improve total iron body store following iron deficiency. Depending on the

& Torti, 2002) and once required, iron will be rele

expression of ferritin mMRNA was significantly r

—t

small intestine and liver corresponding wi

3

129



severity of IDA and underlying cause, it may take up to several months to build up iron
reserves following iron replacement therapy (Jimenez et al., 2015). Y~

Transferrin is a blood-plasma glycoprotein, that binds to circ@'s Fed*
preventing it from travelling in its toxic form. Transferrin transports ough the
blood to bone marrow for the production of haemoglobin and erythroeytes and also to
various tissue such as the liver and spleen. High transferrin level signtfies low iron state,
as more transferrin is being produced by liver to use all t 'ﬂiv-ailrble in the body
(Miller, 2013). In this study, the level of transferrin mR as si nw‘increased
p. Thig re iljd@‘?that
rri owi@%ore iron
thropé@s\zlz. Post iron

in both small intestine and liver of negative control
cellular iron scarcity increases the expression o
to be transported in the circulatory systefa,to

repletion with date palm and goat milK'si mfi}mtly ula@‘ransferrin MRNA

expression in the small intestine, sh@wiag no sign\nt%i ren with normal control

N,
group. In the liver, transfer%\lA &pre ion, Qéfe.\/er, remains high and

unchanged 4 weeks post-i M‘tior' veriis th %mary source of transferrin

by several factors suchwas th of ir sorbed from the diet, the amount of iron

¢
recycled an E@ed by mac

NN
marrow% er tigs uvals&?et al., 2012). Developing erythroid cells also
kY

hea\g&pends on transferrin h@ﬁd iron for Hb synthesis (Muckenthaler et al., 2017).
N

%\brvention with date palm and goat milk decrease transferrin mRNA expression
a

h&geﬁ,:?iad the amount of iron utilized by the bone

:'n Il intestine indicating normal iron absorption. Meanwhile, increased transferrin
RNA expression in the liver post intervention may indicate on-going demand for

transferrin following IDA.
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Transferrin receptor (TfR) is a carrier protein for transferrin, ubiquitously
expressed at low levels on the surface of virtually all cells and is essen
haematopoiesis and erythropoiesis through the internalization of transferri@ iron
by endocytosis (Wang et al., 2020). Its expression is however, elevﬁ‘l;g'n rapidly
dividing cells including variety of cancers or during ianammation.Wll intestine,
TR also supplies iron to the developing epithelial cells in t i\ntQJnal crypts, thus
essential in maintaining epithelial homeostasis independe D?s.fu ction of an iron
importer. Intestinal epithelium cells have an extremely s lifeti ew days and

@ Y-.
ated

have the fastest turnover rate of any fixed-cell popul in the/bo #h

iII% 2015){ The new
and @S:nigrate and

differentiate as they move apically to the villus wheréthéy ar@%d at the extrusion

zone at the villus tip. In this study, ﬂﬁ%

2x108 cell are shed from the small intestine

intestinal epithelial cells are generated i

was significantly upregulated.si

corresponding with previo MS (LL ., 2013; ic et al., 2002; Mckie et al.,

1996; Lu et al., 1989)ii ich they foun that @'mRNA expression increased in
F 4 ’ &
iron-deficient co’n@. Inc|r \\ fR @NA expression in small intestine
iro

encourages mo be ; fro@iﬁtary absorption site to compensate for

¢
erythropoie 'g@ity and als ani tain intestinal integrity. The level of iron in the
kL

NN
labile ir% IP)ds.no ';o strm@lﬁ/ regulate the expression of TfR Low iron levels

in cause increased expres@()f TfR and vice versa (Jamnongkan et al., 2017). In
amsironedeficient state, a low LIP level up-regulates TfR expression, which then will
romote transferrin-mediated iron uptake. TfTR mRNA expression was significantly
duced in both the small intestine and the liver after iron repletion with date palm and

goat milk.
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56  Effects of date palm and goat milk on the expression of the iron
metabolism-related protein on the small intestine and liver of IDA-

induced rat Y*

In small intestine, DMT1 protein showed prominent immunoreactivi the
apical membrane of enterocytes with a striking abundance at t sh border
membrane. DMT1 staining was specific for enterocytes, as goblet cells,did not stain for

the protein. DMTL1 expression is strongest at the brush borderM apical pole in
correspondence to the primary function of DMT1 as the iro er that is responsible

for the unidirectional uptake of ferrous iron released by digtary di eWh the help

previous findings (Canonne-Hergaux et a

2001). In normal liver, DMT1 protein ex ess

\e he@!g'e s plasma

membrane with an even cytoplasmlc No staini Wa@served in Kupffer
cells corresponding with previou mgs ( I &}900) DMTL1 protein
expression in the small intesti iver Of all tmai@roups showed a similar
pattern of localisation and stain inr i ith that}f the normal control. These
findings were consiste Kobser ed Nhl@l, in which the DMT1 expression
3 &)
remains unchanged 4q all grour less on level. As previously mentioned,
this may due to ith ee c fot <"Metal ion transporter for instances, ZIP4

that transport nto the ceII tﬁat@lﬁl 1 is being ubiquitously expressed in both

small in tn nd Ilye%) ntai y|ron level, following iron deficient state.
a s normal small mtestmg.) cytb protein was observed within the enterocytes,

a VI||I axis consistent with that previously reported (McKie, 2001). Increased
: ssion of Dcytb was noted in the negative control although not significant,
ggesting that Dcytb was indeed necessary for iron absorption corresponding with
previous literatures (Choi et al., 2012; McKie, 2008). Staining for reductase activity
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was lower in the small intestine of the supplemented group, associated with reduced
duodenal ferric reductase activity. In liver tissue of normal control, Dcytb expre '

mainly cytoplasmic, with Kupffer cell stained negative. Meanwhile, in neg t\ntrol
group, increased staining intensity was observed with both nucleus aﬂé@pﬁer cell
stained positive for Dcytb protein. A similar expression was seen g the date palm
treated group with milder immunoreactivity. Meanwhile, the Dcytb protein expression
in positive control group, goat milk treated group and dat nd gloat milk treated
group showed similar expression with that of normal co withjan t‘oplasmic
distribution and negative reactivity in the nucleus and er cells. Di \kr@‘%m
by McKie et al., (2001) , there are limited literat he Dof/t essi%mith most

estin@ggtb has been
em@% of mature RBC

studies have relied on the expression of D in'the

documented to be found in lung epit cells, in plas

and in both epithelial and myoepith@ﬁll of breast ti $e.
N,
studies have examined the localisatienvof Dcytb i Iiv@nus further investigation
Ay Ko

is required. N

In this study, f ‘ proteir’expr ssiorNbs localised predominantly within
4 ’ &
enterocytes cyto@mc@q the galland apical membranes. Thomas &
Oates (2004) dw ted lportie‘?ﬁs found throughout the enterocyte with
¢
strong expr %Iong the_b aI%e@(}l;%me. Some expression was seen above the

NN
nucleus% apical region, witheweak expression was also found at the lateral

Y-
melm&. D’Annaetal., (20®émonstrated that the small intestine of healthy mice,

i Xgation with ferroportin apical expression, also expressed slight basolateral
G portin expression. Small intestine is one of the major sites for ferroportin
xpression and the localization of ferroportin along the basal region of enterocytes is

expected for the export of dietary iron to satisfy the erythropoietic demands. The

VQ\ur knowledge, no prior
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expression of ferroportin on the apical region indicate that ferroportin may also plays
an additional role other than iron exporter in the iron metabolism. Another sh?'vy
Oates & Thomas, (2005) found that ferroportin mRNA was Iocalised@}) the
enterocytes villus and that some goblet cells also expressed ferroporti was not
found in this study. They speculate that ferroportin may acts as aWator of iron
uptake on the apical membrane by modulating the expression and/or activity of DMT1.
Meanwhile, study by Yang et al., (2005) revealed that &i:i located on the
apical membrane and not the basolateral membrane of ai epit elw‘f humans
ay a significant rclté%vqron
detoxification. In negative control, enhanced fi in expfe i was\gerved on
the apical and basal membrane of enteroc i weaii expression @also detected
on the lateral membrane. In additio %ﬁ

brane e Sio (‘rong intracellular

and rodents, indicating that ferroportin may potentia

expression was also seen immedlat ove the $ oj@rthe basal cytoplasm.

N
This finding was consistent or sﬁdles at deqis?lstrated iron deficiency
enhanced ferroportin expre A Anna et al., 2009; Donovan
et al., 2005; Oates & T% 005; }Ima b 2004b; Abboud & Haile, 2000).
This expression 'v@rkedw r| ron repletion where the rats were
supplemented th pa at Oates & Thomas (2005) found that
ferroportl a 0 se n e"ml ro |II| under high power imaging where the

express' |m|rjl's I n ed tissue. Thus, the expression of ferroportin in

ntejg&s was inversely rela@d iron loading. In liver, the distribution of ferroportin
% ited to hepatocytes with an even cytoplasmic expression, with Kupffer cells
[

Q ns negative. This result is inconsistent with the previous finding documented by
Anna et al., (2011) where in healthy mice, positive immunoreactivity was found on

the Kupffer cell with mainly cytoplasmic expression and slight expression at the plasma
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membrane. No staining was found in hepatocytes and sinusoidal endothelial cells
suggesting macrophage is the prominent ferroportin positive cell in the liver. Na?ﬂ.,
(2012) showed that ferroportin immunoreactivity was found mainly in @ei of
hepatocytes, while Yang et al., (2002) demonstrated that ferroportin arent on
the surface of hepatocytes and Kupffer cells. T

In the normal small intestine, TfR protein was detected on the*erypts and villi of
the epithelial cell of enterocytes with intensity decreased Y.

elial cells migrated

apically toward the villus tips. TfR was shown to be promigent o twpd lateral
intracellul Ic&éaa‘z;mic
e% and@.l'achala et
al., (2007). In the negative control, a significa incuiase ' stainj,%\vr:tensity was
observed on the apical villi, lateral a@fal me e o@% epithelial lining

with goblet cell remained negative@sTfR density~isyin

membrane of intestinal epithelial cells, with d

expression, corresponding with prior studies b

r,sg}y proportional to iron
N

nutritional status, as more iron % to be absorbed fr e dietary absorption site

to compensate for the lack iN:ro arli - icient%&. As iron become abundant,
icala

TfR accumulation in t)%a rea of enter. (}/{e il decreased. In positive control, a
P 4 <Q
similar pattern o@pressli ith norm L.OOntrol was noted, with TfR protein
tra n

expression conc& islteratb%fnbrane of epithelial cells. These results
suggest that i gfayleti

protein Qe;gall in

geng&ession result, Which@w‘owed that TfR expression in the small intestine
N

i \ahs during the iron deficiency and that supplementing with date palm and goat
G normalises TfR expression to that of normal control. In normal liver, the
xpression of TfR protein was limited within hepatocytes with an even cytoplasmic

localization. No stain was detected in endothelial and bile duct cells. In negative control

0

¢
with at!’ padé?nd goat milk reduces the expression of TfR
NN

i ',Theiﬁ‘nunohistochemistry result was in line with the
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rats, the TfR expression is retained within the hepatocytes with an increased TfR
expression on the plasma membrane of hepatocytes. The positive and interw

groups showed similar TfR expression to that of the normal control. ('}

5.7  Benefits of date palm and goat milk supplementation on I%A
ilk

The increased iron utilisation with the date palm an% might be

attributed to a variety of beneficial nutritional factors. Tpalm is high in
carbohydrates, dietary fibre, vitamins, and minerals @ely@sed as an
excellent food that provides a variety of essential components with rous health
L N
benefits. Date palm contains a high percenta carbohydrates) wit ‘é&cc?] date
’ b 3§

rsi¥such a@ﬁctose and

providing about 280 kcal/100g in the form of reducing_s

glucose that are readily absorbed during (@s) : prov‘min i

al., 2020). Date palm is rich in ascorbic acids, with ever

9.80mg of ascorbic acid. Ascorbi gﬁ) vgal%
%

uptake into the enterocytes by&' Fe Fe durin@&n acquisition in the small

R

intestine. Ascorbic acids We?ﬂo repirted hels.té\ton and stimulate the synthesis
(
of iron store ferritin (L%' 4y

ichardse . TQg combination of high carbohydrates

and iron found m& m ca‘| provide a b cial energy boost, which is beneficial

~

et m as it enhances iron

N
for IDA popu Nhi are often px%@ence fatigue. Additionally, date palm also
contains such @s zinc, ma um, iron, and calcium that are essential for
optim th and"m en%ncewqfthe human body. Date palm particularly contains

>
a { ncentration of caTbciI‘?m and magnesium which is essential for bone

‘%Iisation, muscular relaxation, immunological function, nerve transmission and

Oeral other cellular functions (Al Alawi et al., 2018; Beto, 2015). Date palm are

excellent sources of dietary fibre with date palm flesh reported total dietary fibre
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ranging between 6.2 to 8.9% (Khalid et al., 2017). Dietary fibres induce satiety and
have a laxative effect thus can prevent a spectrum of gastrointestinal disorders (?ﬂ!t
et al., 2019). Besides, date palm fruit is also rich in polyphenols such as 0|ds,
phytosterols, phenolic acids, flavonoids, tannins and sterols which givéﬁ&gﬁ benefits
when taken as a medicine drug or as a part of the daily diet (AI-AW al., 2017).

Polyphenol acts as a potent natural antioxidant with preventive capability for many

chronic diseases. A meta-analysis by AlFaris et al., (2021 tra'ed that the total
phenolic content of 22 selected studies on date palm igh, an m 4. 36 to

753.30 mg GAE/100g DW with high concentrati s found i |p} %g palm
produced in Saudi Arabia compared to those d i I unw\?énd Iran.
Pharmacological studies both in-vitro and m:Vive; sh rapeu@}f.ects of date
palm on health as their consumptio %n nti-i Qmmatory activity
(Zhang et al., 2013), anti-cancer . {2@% antifungal activity

16), antihyperlipidemic

2016). %
Meanwhlle, t mllm solu%qurotems such as B-lactoglobulin, a-

lactoalbumin a ser alb favob n absorption in small intestines (Lopez-

Aliaga et a g@). It also taTnS(J igh number of medium-chain triglycerides
(MCT),% f sattirate ?ty aa&\wnh 6-10 carbon that is readily absorbed within
Y-

the W,&al cells, contnbuﬂr@'easmr and more efficient digestion. MCT is rapidly

h ed and metabolised for energy discharge with a lower deposit of fat. It escalates

G ynthesis of protein carriers that lead to increased nutrient absorption (Diaz-Castro

l., 2015). A higher level of iron digestibility was reported in rats with distal small

intestines resection when supplemented with goat milk. Greater iron content was
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observed in the liver, spleen and sternum, suggesting that short-chain fatty acids favour
intestinal adsorption after resection (Barrionuevo et al., 2002). Lopez- Allagz?"
(2009) revealed that despite its high calcium content, goat milk minimises \ iron
interaction and so has no negative effect on iron absorption. Slmlﬂ&qdmg was
reported by Diaz-Castro et al., (2011), in which they discovered that not only does
calcium-fortified goat milk favour iron deficiency anaemlk. ry, but it also

increases the bioavailability of copper, a mineral essential esis. Numerous

prior studies have shown that goat milk provides a bette Wmmlmlzes
L ]

possible interaction between iron and other minerals ence, ﬁe_@stion

and utilization of copper, zinc, magnesium, ph a d sél in ani\ﬁ/gl models

(Barrionuevo et al., 2002, 2003; Campos 00&3. In dltlo@arlous dietary

components in goat milk play vital roI\autlllsatlo ~Fhe hi ntent of Vitamin

hr |Q'Q\rogen|tor proliferation

(Smith & Tangpricha, 2015) W}%mn ,&mflu ces |r etabollsm by mobilizing

D in goat milk promotes erythrop0| mcrea

available iron from the ferriti to

systematic review alsr%t the b lnefl aI 'ef of goat milk in iron deficiency
’ &

4
anaemia (Zahir et&h{l?). I\i N studlééshowed the promising effects of date
palm and goat % he i 'ln ar@ﬁc subjects. It is worth mentioning that
6P pafn

consumptio e palm an gét Q/ﬁ? singly or in combination have good iron

NN
bloavalw nd arg ?’It natia sources for iron deficiency.

ogl (Mlchelazzo etal., 2013). A
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