CHAPTER 2

LITERATURE REVIEW
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2.1 Date Palm (Phoenix dactylifera L.) T
Date palms are a type of flowering plant in the Arecac Imae) family
that produce dates, which are a type of sweet fruit that ¢ su elll Dates are
known botanically as Phoenix dactylifera L (Idowuget al., 2020 The e ma\
references related to date palms in the Islamic ho K, the Qu an‘and pr "%IC
Sunnah. Date palm is mentioned as the ultlmate perfo prese@‘{lon of
ahl: “@from the

Indeed, in that is a sign for a peeple who re Qu&)q 6:66). Besides, a
hadith narrated by Aisha rep ySA&@; saying: “The ‘Ajwa’
ea

dates of ‘Al-Aliya’ contaln fei;ts a 01.‘@qedy when taken first thing
Z !

in the early mormng ahi ush

There ar bota S of(J rity after the cultivation of dates
which are kn the mme&‘throughout the world as Kimri (unripe),
Khalaal cj;u c rlpe soft), and Tamr (ripe, sun-dried)

(Chandrasekaran & Bahkali, 2@’5. At the Kimri stage, the dates fruits remain

ard, and have a bltter taste. The fruits rapidly grow in size, weight, and
% content; this is also the time when acid activity is at its peak, and moisture

0 tent can reach up to 85%. The next six weeks comprise the Khalaal stage which

the fruits remain hard and unripe, but their color changes to yellow, orange or red.



At the Khalaal stage, the fruits slowly gain weight. However, the sucrose content

increases, moisture content goes down, and tannins will start to precipitate with

drawback of astringency. ‘\:
The tips of the fruit start to turn brownish at the Rutab stage. Thig third
: ac

phase is characterized by a decrease in weight due to moisture % a partial

reversion of sucrose content to reducing sugar. The color and T the dates are
t

indicated as half-ripe with browning of the skin and softenin ’—‘W. The
moisture content goes down to about 35% and the dates at this stage ar VGSIQ%-
A N
and sold as fresh fruit. At the final stage, the dat into Tamr only whe y
s X

are left to continue to ripen on the palm trees fVMher touthree w@é until

the color turns from brown to black-br Ngeth Iim&fg\conditions
permitting. The Tamr stage is characteriz amoisture ggntent Q/hich the dates

\ Y
are self-preserving, with the up ‘@t at &*2 - ci!;éwhich is a lower

f o
moisture content than Rutab ( i et al.,"2008). 48*'

R\

N
Cultivation of c%%s in Ma’aysi??\af r@ been widely explored and

is only available in small-seale fa [ﬁ@&ely owned by the locals. Being

an agricultural M planting .date pa@ can provide diversification and

N
commermahz% fruit %tre I'a at(erys (Mohd et al., 2007). According to
O
Kamaru&%(al. sg S)Jat palms still an extremely rare plant in Malaysia,
added E’th S bp\ex,conducted on date palm due to the inadequacy

0 ﬁ%rtise either in date palm research and practice. A study suggests that

=

A

—+

ited research h

b}

0 nical feasibility should be conducted at the micro level to determine the most
I

table location for date palm growth in Malaysia. By cultivating local date palm



plantations in Malaysia, the dependency on date fruit importation can be reduced

N

Date palm is a tree that commonly grows to a height between 1 (ﬂ?

and their prices can be lowered (Kamarubahrin & Haris, 2020).

3

and lives up to an age of over 100 years (Jahromi et al., 2007). The date palm is
one of the three economically important crops of the palm fa% shraf and
Hamidi-Esfahani (2011) reported that the date fruit is mostl))?&tated in semi-

arid regions of the world. In addition, the production and cultivatio ol date palms

have long been the most important agricultural activity t arid regi of tIQQ~
N
Arabian Peninsula, North Africa, and the Middl , as one of t olc!es-tér’ait
P 4
ndition m them

crops grown. The ability of these crops to sur\w ari

the most suitable crops to be used in impr Mlic he

fact ‘ﬁ}e\date palm

<4

>
wn
wn

has been successfully introduced outsm S origi

o

as il@bstralia, Asia,
AN
Mexico, United States, India and P an,tob odu iéﬁ‘areas for date palm
@

A
cultivation (Chao & Krueger ZQ\ tis bwt dg@m is one of the oldest
dferatle

fruit crops and the first trees uItiv’te a@oo years (Zohary & Hopf,

BN
2000). 2 S
c—) NQallex

There ar@ypex@s fou@orldwide, commonly known are,
Ajwa, Khala@an Seg 'S!Jkl&g"} Sefri, Hilali, Khodry and Munifi

(Rahmani &,‘?01?. in re @ple look for alternative treatments that are
% ‘DJ(.'
an

effim ecure for curative@ﬁoses, dates have been documented as part of
t Wan diet and considered natural remedies. It is known in Arabic as al-nakhl,
%etymologically means “good, nourishing and nice smelling” (Zainan Nazri
Qal., 2016). Dates are cheap to produce and preserve and are also very rich in

nutrition. Date fruits have wide scope and potential for consumption as a staple



food and can be the main income source because of their nutritional and economic

value (Khan & Khan, 2016). Yv
The current scientific findings explore the various potential S&@ia

properties of the date palm to human health. Dates contain a high percentage of

carbohydrates, 15 salts and minerals, a protein with 23 differer%mi acids, fat

comprising 14 types of fatty acids, six vitamins and a high p ge of dietary
fibre (Al Shahib & Marshall, 2003). Meanwhile, Hong% ) 0|lnd that date
fruits contain 6.5-11.5% total dietary fibers, about 2% proteins, 29 ab, a@.

#d N
a rich source of phenolic antioxidants. Date frui ve a lar nt I-h(?)e
specifically developed in the market as health ood. preducts.

Hence nutritional values of dates fruit M utilg?pd ’ﬁ fruit an
?u :

economically viable primary agricultura ct (Ghni

e =~\\?
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\ Figure 2.1: Four major stages of maturity in date palm (Sources:

0 ttps://www.sciencedirect.com/science/article/pii/S2352340919308698)
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z X
2.1.1 Nutritional Quality of Date Palm N '3\ %

a) Sugar \
C :\_ =
Dates are rich in carbohydr themajo po , mainly the sugars,

V&

which are sucrose, glucose, anN o:i, i nstitu\&about 78%. As the dates

contain almost half th umbg of sug
'3

~ .
N S an @ortant role in the flavour and

e
desirability of the&The rs ip'dates @sily digested and can immediately

\g e .
be transporte‘dﬁ bigod a @ns(tﬁ}‘ﬁbtlon and later metabolized quickly to

release Q&;o’r asiis inggvar ou®’l activities in the human body (Ali et al.,
iu

b4
2012). al. (2000) reporteagt. date flesh containing glucose and fructose is
r;
S

level of ripeness, with the Tamr (completely ripe) stage having the maximum

s in the fo fructose, which is twice as

sweet as glucose, this charact

bsorbed during the digestion process and can lead to a rapid boost of blood

The amount of carbohydrates in dates varies depending on the variety and

13



concentration. The dry date fruit has a large amount of sucrose, while the soft date
fruit is primarily made up of inverted sugars (fructose and glucose). T}‘Yv
classification of the date fruits can be done based on their type of sugar @\SM
which are inverted sugar types, mixed sugar types, and cane sugar t AEirstly,
the inverted sugar types of dates, such as Barhi and Saidy contain maifly glucose

t Nour and

and fructose. Secondly, Khadrawy, Halawy, Zahidi, and Sayer aréyexamples of
dates with a high proportion of mixed sugar varieties. L' ,cegli

Deglet Beidha date varieties are dominated by cane sugaregntaini gWas the

main sugar (Ghnimi et al., 2017). e ’ _\L}
s \,‘Z*

b) Dietary Fiber \%
Dietary fibre is defined as%foods t\cohgita' @ysaccharides and

N
lignin that are indigestible by % in_the hufan g@‘;?ntestinal tract. High

value dietary fiber can be ?' unia A dategﬁs (Ghnimi et al., 2017).
Consumption of 100% es can®pro del a‘ph)ximately 50-100% of the

’ F &
recommended amo fdiet@ededﬁb&-ﬂwe human body. Date fruits have

been reported taycon 6.5%.- l/o to ‘I%‘fetary fibers, which is up to 90% of
¢

insoluble di %er and 100 fs'o|€|<?dietary fiber (Al-Shwyeh, 2019). Hong
.
et al. (@iorﬁ te fg@contain 84 — 94% of insoluble and 6 — 16%

of sﬂhdietary fiber, to the@l’dietary fiber in date fruits.

N

Both insoluble and soluble dietary fiber types have essential roles for the

Owan body. The intestinal absorption of anti-nutritional factors such as cholesterol

can be slowed down due to the formation of a viscous gel in the intestine, which is



contributed by the presence of soluble dietary fibers. Meanwhile, insoluble fibers
allow bulking and aid fermentation and generation of short chain fatty acids inv
intestine (Otles & Ozgoz, 2014). In addition, Shafiei et al. (2010) identi@t

dates palm flesh contains water-insoluble fibers consisted of 49.9% and
20.9% polysaccharides. They reported that date fruits fibers have highg@ntioxidant

and antimicrobial activities due to associated lignin and tannins (Ms.

c) Amino Acid )
Dates have been described to be a good f i ino aqias and
variations in amino acid contents are founw:ere

al., 2005). A normal level of amino acw)e provid

formed in the human body. Histidin@jarginine\exgg“m es,0f amino acids that
N
play crucial importance in rela%he r((‘)per ysio@l functioning of the
human body (Al-Aswad, : Aji 15) ﬁrted that although the
concentration of proteif. varieties s diéd\& low (1.72 — 4.73%), dates
s F &
contain essential a acids@sidere (ad important nutritional source. It

id com ion of date extracts contained low

was discoveredathat ami
[ ]

quantities o %ne,l leuci
con

: !%ri@‘,?/rosine, methionine, phenylalanine, and

S
lysine i Géntrati ?s of I's&ine, proline, valine, glycine, histidine, and

argimine. \C?’

3
N
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d) Mineral \Y~
Calcium, potassium, and phosphorus—three minerals that are_&@for
human bodies—were present in date fruits at the recommended amouwbcording
to studies. For the date types Begamjangi, Haleeni, Dashtri, Wshnah, the
average mineral concentrations (calcium, phosphorus, aRr: sodium, and
magnesium) ranged from 156.7 to 93.7 mg/100 g. Se te frui varle , soil
types, and environmental factors affect the mineral t, particularly a?neﬁg‘
and sodium (Aslam et al., 2019). Dates contain the a prlatg.a ounts of cagkeium

potassium, and phosphorus, which are crucial fo he m m of R?an cells

(Sawaya et al., 1983). %\,
N O

Based on a study by Assir 5), the\ukﬁgsu g@d that date palm
&

flesh is an important nutritlona%
as the predominant mineral ?\gt I:/ con entrgm\/\/as the highest which is
289.6 — 512mg/100 g % er, followed gi{:a@n magnesium, phosphorus,

ion. &das discovered that Ajwa dates

_.x
r

raIs with potassium

par@’other cultivars, including Mabroom,

ane;’a%cmm are necessary for the growth of

strong t@@ the i 'fm OY@ rgy, and dates with high potassium and low

sodw&ntents make them ideaifor consumption by those with hypertension (Ali
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e) Vitamin \i
There are at least six vitamins which are thiamine, riboflami;in,
ascorbic acid (vitamin C), pyridoxin, and vitamin A have been r?&d to be

present in date fruit at visible concentrations (Al-Shahib &Wall, 2003).

According to Ali et al. (2012), higher concentrations of vit insie present in fresh

dates compared to dry dates because the vitamin con ost duWrying
- - ‘ -
process. However, dried dates can be regarded as a erate source ofri oflq,;v;.;g'
pyridoxine, niacin, and folic acid, meanwhile thia asco;bi acid'and \Qamin
Y

A are present in relatively low concentrations Zthe

analysis of date fruits reported that d st)s nte

(0.7 - 0.9 mg%) and vitamin A (0.7c 1.2 mg% viT

tes. Q\ﬁﬁfritional

ounl@gof vitamin C

fy  Antioxidant %\
(7 (S
:
The dates frws ullt' 1&';{ icinal @antages in the management of

disease, as indicate a review o recli@ests. Among 28 fruits commonly
consumed in Chi ate fruits q?epo?@ll to have the second highest antioxidant

activity %%’ aI.,‘,Z 03 tic@ants are chemicals or materials that can
‘o') 4
a

inhibit the actioez’\g free radicals and consequently prevent them
N

neutra
f using harm (Rahmani et al., 2014). Date fruits are a good source of natural

: joxidants with antimicrobial properties that provides protection against several

cterial pathogens due to the presence of active phenolic compounds (Al-Shwyeh,

2019). The consumption of one hundred grams of dates is estimated to have
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between 250 and 450 mg of phenolic substances (Ghnimi et al., 2017). (Ghnimi et
al., 2017). The wide range of phenolic compounds present in date fruits, includwv

p-coumaric, procyanidins, sinapic acids, flavonoids and ferulic are respon@}

triggering antioxidant activity (Mansouri et al., 2005). ‘\
2.1.2 Potential Health Benefits of Date Fruits i

a) Prevention and Control of Diabetes Mellitus .\d‘
Y
| . _ IS
Diabetes mellitus is a metabolic con characterized? by %Z" nic
4

hyperglycemia caused by abnormalities in insWo M sulin @fon, or

both. Various kinds of diabetes mellitus, scmpe estational diabetes,
and others, are compared based on dia tic ,@' _I{@ and genetics

tio
(Kharroubi & Darwish, 2015). Cagmte% aé? &d on their glycemic

responses, which were referr\

accepted measure of the effw'l'carbt#vydr 00 s%} human health (Jenkins et
[

al., 2002). A high Gl w caw E?}i? and hyperinsulinemia, which

can increase the r@wek@mic djil%es. Meanwhile, low Gl diets have

N

been shown tosm e o%c}sécwﬂgﬂ, lower blood lipid levels, and reduce
0

the e ind I) and are a widely

ht t&bé important factors in the management or

insulin de ich is all
; H] 3
preve W number chlronic iseases (Brand-Miller, 2003).
N
NS
\A study conducted by Alkaabi et al. (2011) reported that in healthy people,

ean range of Gls for five different types of dates in the Tamr stage—Fara'd,
ulu, Bo ma‘an, Dabbas, and Khalas—was 46 to 55; in type 2 diabetic patients, it

was 43 to 53. According to the findings, the tested dates would have low Gls in



healthy participants, while diabetic patients who consume dates do not experience
substantial postprandial glucose excursions. Dates are therefore categorized as IT
Gl foods due to their high fructose and dietary fibre content. In addition, @\5&1

et al. (2007) mentioned that in Middle Eastern, dates had been used as f&'tional

medicine to treat diabetes. Q

A recent study found that consumption of fruit high invbse was linked
to an increase in plasma antioxidant capacity and plasm%els Ll)tito & Frei,
2007). So, it's probable that eating fructose-rich date fruitSWwill temp yerai
OL N
the plasma urate levels, improving the antioxi apacity of t lood=The
’ X
e

increase in plasma antioxidant capacities Wowms aw dé(g(erious
effects of reducing sugars on the ceIIuIa(Mnolecmles ch %sgéycation of

proteins and lipid oxidation. \ O

\ ’<\
Date sugars also show c?geriqjcs of being @nol-rich, powerful

[}

alpha- idaspféfd alpha-amylase. Date

N
sugar is directly related%/%tal phelolics rqse@ inhibitory activity against
I-1-pi

DPPH (2,2-dipheng I- ydl";@i/ radical formation. Alpha-
glucosidase inhiblssgar co

l onlydused t@ulate blood glucose levels in type

SN,
Il diabetes bﬁ%ﬂltin me r'lel-boﬁéj intestinal alpha-glucosidases, which
@
hydroly@%ccrﬁr es,Jtri c@des, and disaccharides to glucose in the
4

small Tntestine. Alpha- mylase@so considered a potential drug target for the

antioxidants, and strong inhibi

d \ngment of anti-diabetic\drugs. Salivary and pancreatic alpha-amylase

ibitors block the hydrolysis of complex starches to oligosaccharides. Because of
S

reduced rate of carbohydrate digestion caused by the inhibition of these enzyme

systems, less glucose is absorbed into the circulatory system (Ranilla et al., 2008).
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Regular consumption of date fruit which is rich in minerals involved in
glucose metabolism, can be a potential preventive and treatment strategyT
diabetes (Vayalil, 2012). The important minerals include magnesium (V\/@
(Zn), chromium (Cr), manganese (Mn), copper (Cu), and selenium Ng [
important for insulin release, glycolysis, oxidative energy metabolisrw energy-
dependent transport mechanisms. The common mineral Zn pla Ncial role in
the production, secretion, and signaling of insulin. Wherea td'c , Which are
proven to alter glucose homeostasis when deficient, alsovaid in i pW]sulin

action. Se is a crucial mineral that has been linked ions that mi iq [

(Stapleton, 2001). It promotes glucose absegption*and eontro the\BYﬁtose
phosphate pathway, gluconeogenesis, egc& \'prod@.. Hence,
regular consumption of date fruit wm@ain these mi [

levels in the body, which could pre@gshe ons \di%let

N
well as regulate it in people wh icieft in t ch

N ¢
c,;T th S
b) Cardiovascn.la\rDi ase \

Cardiovasculardisea S) re@éﬁ{ the leading cause of disease burden
K . :
for almost &uaries u aI{Z@?}’. High blood pressure is correlated with

Y
the stropQest eVidencé ‘usatioﬁ&nong the risk factors for CVD, with a high

pre\d& of exposure (Fu:@& Whelton, 2020). The causes of essential

h sion remain unknown, however, there is a clear positive correlation
& een blood pressure and the risk of CVD, including stroke, myocardial
farction and heart failure (Carretero & Oparil, 2000). Date fruit is reported to have

a potential protective effect on various conditions that lead to hypertension based

20



on its nutritional composition. Besides that, both eastern Africa and the Middle East
have traditionally utilized date fruit as a meal and medicine to treat hypertens
(Vayalil, 2012). Dates may significantly slow the onset and progre@s
cardiovascular disease by lowering hypertension, high cholesterol, and™ otein
oxidation, improving serum antioxidant status, and minimizing t amaging

effects of oxidative stress and probably inflammation on thewjlar system

(Vayalil, 2012). z '

Date fruit is known as an excellent dietary source of pot sstveQ.

\; N
low sodium content. Hence, frequent date c ption wauld&pro idéft‘?]e

P 4
ance @;’z;ould

necessary potassium levels to maintain the bo ectrblyg
prevent the onset and progression of hy, Mn. Mbé a a a&%er major

dietary minerals at a very high concentration,in date fruit that can [@ide protection

T ) A

from hypertension. Magnesium &) nat u h@ﬁel blocker, which
0 e,
agnes

» q
may reduce blood pressure. ium Isoja cofa for the 6-desaturase

&
enzyme, which is the rateslipniting step inythe co@rsion of linoleic acid, a

[
precursor to prostagla% molecule t t;e%e blood vessels and inhibits

platelets. When c& i conlbine ith o(ti/@lons like sodium, potassium, and
magnesium, a Nbal nce e yas @membrane will happen and causing
’ 4
I

vasodilati@' ering bldod ressJ&e'(Al-Dashti etal., 2021) .
LAQES

ate fruit appears to be a good dietary choice as part of a well-balanced diet
orpregnant women, containing a lot of good nutritional value and potential health
enefits. Zainan Nazri et al. (2016) mentioned that date fruit could contribute

significantly to a healthy pregnancy in women due to its properties that can prevent
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anaemia, reduce stress, control blood pressure, regulate blood sugar levels, help to

restore depleted calcium, expel toxins, increase strength and for immune resistanT

In terms of cervical dilation, spontaneous labour, lower use of (ﬂo)in,
shorter apparent latent phase of the first stage of labour and fewer C-seCtions,

women who consumed six dates per day for four weeks prior to the eszated date

of delivery had significantly better childbirth than women \A?Ymsumed none,
r an@terine
im } uieri{g%
dilation during labour and for reducing bleeding a livery. Dates coAs' e
by dieticians as the best food for pregnant and WQ& who a@b‘zr;ast-
feeding their infants since they also con 'Mance duce @ession in

that chil nee@r their health

e

(Marwat et al., 2009). (') >y
? @ 4 @
A recent non-randomis& ical ;%l cou&frfed among postpartum
\
women to compare thecec f date fruit ¢ sqm@ and oxytocin immediately
As d're

S IN@ wﬁ‘tgonsumed 50 grams of oral dates

after placenta deliveg
had significantly &e din Lan se w@re given 10 units of intramuscular

oxytocin (Zai ri j al%ﬂue(@t e presence of compounds in date fruit
that imit &! actJi_o yx oci ,\(aéte fruit consumption after giving birth
reduce &ount of bleedin‘; ccﬁ;ared to intramuscular oxytocin in the first hour
f ing placental delivery. %sides, the oxytocin-like effect in date palms also
‘%ease the sensitivity of the uterus and stimulates uterine contractions. Thus,
Oﬂes can be considered a good food supplement alternative in normal delivery

(Khadem et al., 2007). Accordingly, dates fruit consumption during late pregnancy

according to Al-Kuran et al. (2011). In the last month of

muscles are strengthened by stimulants found in dates. This

o

mothers and increase nutrients in bre
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has been shown to positively affect the outcome of labour and delivery and is

X
N
_{"
b9

considered a safe supplement for mother and child.

2.2 Goat Milk

Dairy goat and sheep farming have become a vital e,igm activity in

many countries in Middle East, Europe, Oceania and Asia. benificial effect

itio tWr‘l arg.

elderly people. The nutritional and socioeconomic eing of d odin&%d

on both health and physiological function by providing

underdeveloped countries are strongly mfluen I gila{3613).

S goa.@?l; has a

significant ideal market, dairy goat n as develo dr@cally in this

Goat milk has been produced in Malay3| r mevuime.

country, with the majority of dairy g imported \hs?ve l,(iﬁntrles (Devendra
JS? N
etal., 2012). “ q t:i?

As a comparison to Wilk,’goat i kf&Q}ntalns much more short-,
[
medium-, and polyunsm fat% eiEaQBa, 2012). Goat milk has higher

concentrations ounslaturat p saturated, and medium-chain
triglycerides \@N ik, a \l/hl e recognized to be good for human
health, es a uI (edndltlons (Haenlein, 2004). The diverse
dietaryy nutkiti nal co‘;trmz'r/ls by goat milk are particularly important for

rex or farming famllleﬁat are constantly on the edge of subsistence and

‘éblllty The majority of milk is marketed informally in rural parts of the

Q.mtry (Devendra, 2012). Bhattarai (2012) mentioned that goats are highly

contributed in supplying milk and milk products, which has a significant role in

23



rural economy sector and health purposes. In addition, the acceptance of goat milk
and its products is excellent among consumers. Thus, more efforts in research T

development are needed to explore the maximum benefits of goats, par(c%w

their meat, milk, and milk product that have potential medicinal vaIuH&uman

health. VT

2.2.1 Nutritional Quality of Goat Milk i\d
"X

Goat milk is very famous as a natural foo at é«:;r\ t

nutritional properties. Goat milk contains a tota.l\galids,

sh. T%;z:eported

ctoan cow milk

consisting of 4.1% lactose, 3.8% fat, 3.5

data indicate that it has more fat, ashw\a
7;151 nutrition as cow

but provides a similar level of canri@? kcal@?\g?%r
N
or human milk does (Park, 200%\ miIQ is re onsi% r better digestibility
as compared to cow milk b \ets c1r ension is‘% than cow milk (Bihagi
& Jalal, 2010). Coni et ) reported th ‘géaﬁ?ﬁk differs from cow or human
s &
milk in terms o@ be@ iIityék’alinity, buffering capacity, and
certain therapew sin i (iz and@ﬁan nutrition. The advantage of goat
¢

milk consu (@houl b ulgriz@} ue to its high nutritional value and this

S
conseq y can enhia ?manﬂ&:turing and utilization of goat milk (Kumar

S
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a) Carbohydrate

Goat milk has a basic composition with many similarities to cow m %

carbohydrates, lipids, protein, minerals and vitamins (Getaneh et al., S‘ et al.
with

(2000) reported that the major carbohydrate in goat milk is Iactose, content
slightly lower than in cow milk. Glucose and galactose present i the mmary gland
synthesized lactose, where the milk protein a-lactalbumin Tn essential role.

rl]agnesmm, and

phosphorus and the utilization of vitamin D (Lad et al., 20
small amounts of oligosaccharides, glycopeptide

enefi to human

o0sa @de structures

prebiotic and anti-infective properties of milk oI

nutrition when consumed (Lara-Villoslad N

b)  Protein and A% ' :uj‘-l 0’
&
A soluble& ade Llp of Whey p@hs and an unstable micellar phase

N
made up of ¢ | th t\% rdnt e')i(asbs of milk proteins. When comparing

goat milk mllmj st comparable amounts of the k-casein
fractio : r Ievels 0 {Iphavcasem and higher amounts of the beta-casein

ence, beta-casein ﬁ?e main protein found in goat milk (Diaz-Castro et

fra\
%10) Also, compared to cow milk, goat milk proteins are thought to be easier

legest and their amino acids are absorbed more effectively. When acidified,

caprine milk produces a curd that is softer and more friable, which may be due to
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the milk having a lower alpha s1-casein level. Goat milk curds that are smaller and
more friable will be degraded by stomach proteases more quickly, which vvv
improve their digestibility (Mestawet et al., 2014). Turkmen (2017) menti@
goat milk has a better buffering capacity than cow milk due to its relatﬁ&igher
content of protein, phosphate content, and non-protein N, which would be helpful
for treating stomach ulcers. Additionally, goat milk contains gremNcentrations

of key essential amino acids, including cysteine, th Iysire, and the

branched-chain AAs, isoleucine and valine which is im nt fo hWrition

(Greppi et al., 2008). é ' _\C}
s \,Y'

c) Mineral and Vitamin \%
The vitamin and mineral co@)of goﬁ%ﬁ?}s%
)-% i i

milk. Krstanovic et al. (2010

Calcium, Potassium, Copp mide‘] S
milk. Goat milk is a%& rce:)‘ [

‘&
thiamine, niacin Wavin,l ilk, h %étér has a low level of folate (Park,
mptien K ne té.“f

2006). The con\p 0 0 be supplemented with folic acid

!

¢

because go onta/rs S ha{ 1@:/9 of the amount of folic acid contained in
Y

cow milK (Getaneh etfa .6). Asﬁh cow milk, goat milk is an excellent source

T
of m% and phosphorus t@ﬁan nutrition. Both calcium and phosphorus of

g can be absorbed by human infants, thus providing a great excess of such

@ rals to the energy of young children due to the higher content of most of the
inerals (Turck, 2013).
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Vitamin A content in goat milk is similar to human milk but higher than in
cow milk because goats convert all B-carotene from their foods into vitamin A
the milk (Conesa et al., 2008). Immune responses such as cell-mediated
and antibody production require vitamin A for both innate and adaptﬁ&mune
functions (Lad et al., 2017). Besides, goat milk also contains greateR@mounts of

vitamin C than in cow milk, and this vitamin is well-known as ater-soluble

antioxidant. ?T l
<17 &
d) Lipid 2 \'g
N B

X
ot due@\/arlatlons
fatty@%ds within the

The nutritional benefits of goat milk‘@ver gow

in the minerals or proteins but from thedi id;especially

lipids (Haenlein, 2004). The obse@'sw onﬁﬂ&es j’Q@‘%at milk found a
i. ? é >
and

similarity to that of cow milk i erties, but goat milk

compositi
lacks agglutinin. Goat mil@nti[ uc mo@tyric, caproic, caprylic,
a

capric, lauric, myristic, itic and linoleic att!/ ask than cow milk fat (Jenness,
\"‘R &
ik h

1980; Mollica et al ﬁoil). In‘a i goatgk as higher values of free lipids

than that of co %:erb i ., 1982;"Mollica et al., 2021 ).
N : " C')b
La@}ZOl? mentioned t&-&’ medium chain triglycerides (MCTSs) are
’ 4
able t %energy ouf bei eposited in the fatty tissue of the body. The
: S N

high_amounts of short and lum chain fatty acids (MCT) in goat milk fat

—

%ute significantly to human nutrition. Firstly, it may be more rapidly digested

On cow milk fat because lipase attacks ester linkages of short or MCT more easily

than those of longer chains. Secondly, these fatty acids have positive effects on
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cholesterol metabolism, including hypocholesterolaemia action on tissues and

blood via inhibition of cholesterol deposition and gallstone cholesterol dissolut?v

(Alferez et al., 2001). .\('}

2.2.2 Potential Health Benefits of Goat Milk
a) Allergy and Anti-Inflammatory Effects 5 z '
The definition of allergy is an abnormal tissug reaction fo ov.vi\gpasulv

to foreign antigen (McCullough, 2003). Protein i%st com
0 4

most frequent protein sensitivity occurs in infants, w \QQQ imateQ\LQ-G %
incidence (Lara-Villoslada et al., 2004)6Mng to |th eargle{ alpha s-1
: is Ies@ergic because

—
=
@D
)
<
B
o
—
—t
=
@D
=

=)
>
D
¢
(BN
&3
wn
o
=
«Q
»
[0}
:;o?

an (rljérof cow milk. Goat
o
milk has been proven to sh0\'\ vewnc, inor digestive disorders,
asthma and eczema over cWIk a1d indivi u$\th cow milk sensitivities
< : [
(McCullough, 2003). Lara#Villosl a.lf@o4) reported a study about

aIIergemutyong nd cl)w milk in miee;The results demonstrated that goat

N
milk provides j Nolo ical b Ji'tls irtrgdx‘lcing specific markers involved in the
allergic reara- illosla ehé-QOM).

5

‘v’
Emio et al. (2012)a§:eir studies proved goat milk exhibited anti-
N

Menefits upon drinking when a similar trial was taken among children with

milk protein allergies. In addition to the lack of inflammatory effects with goat
[

Ik, those who drank goat milk had higher levels of the anti-inflammatory

cytokine IL-10. IL-10, which inhibits the production of pro-inflammatory cytokines
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like TNF-, is hypothesized to aid the immunological suppression and thereby
limiting reactivity to antigens in cow milk (Albenzio et al., 2012). Besides, g
milk contributes to almost all biological reactions and utilizes antioxidant i

inflammatory effects on the human body. Due to the smaller size of the%bules
in goat milk, which is only one-ninth of the size of cow milk fat globules, goat milk
does not cause irritation effect in the gut (Lad et al., 2017), She al. (2004)

supported that probiotics and prebiotics contents in goat mi p tc' maintain a

healthy intestinal microflora which is important rotec 'owt the
@

pathogenic infection allergy that can cause n@ﬁect& inc irp _@y

diseases. b 4 b &
T \ N

NV QT
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b) Malabsorption Syndrome

Physiological digestion and absorption of nutrients withi R-
gastrointestinal tract is a complex process with the possibility of distu esin
gastrointestinal motility and related diseases that may lead to malabsorption. Milder
motility disturbances can contribute to various symptoms, s% diarrhoea,
constipation, and abdominal pain. Meanwhile, severe motilvbturbances can
induce impairment of nutrient absorption (Keller & Layer, Accolding to Lad
e
oea, coealic @disease;~liver
e‘m@ ogas@‘g:ny.

D

e efféet of goat and

et al. (2017), goat milk contains medium chain triglycerides (MCTSs)

used to treat the absorption disorders such as

disease, steatorrhoea (fat indigestion) and digesWobl

In an animal study, Alferez etJ\ exami
cow milk fat on the digestive progesses con BQ I ildqmetabolism. They
discovered that rats given a diet N medium-chain tri@@cerides from goat's

“« Q-
milk digested fat more efficienmn thosWa diet based on cow's milk. Goat
\
milk consumption decrgased €holesteral lev: \‘vh@\intaining normal levels of
dena/

triglycerides and high- li Bp,@ : Tﬁ.i(fi}idue to the presence of higher

level medium ch@ce 36@ goat milk vs 21% in cow milk),
which decrea&s sy]heéis gn!jogfegﬁﬂs cholesterol. Consuming goat milk

increases;t 'S z?s rption i@and copper, according to Lad et al. (2017).
% v’
chd

Severalyres emonstrated t@aoat milk assimilates easily and increases the

N—r
~

bi Nability of nutrients (Lad et al., 2017).

S
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C) Nutritional Nourishing \Y..
Approximately 35% of the daily calcium needed in a glass can m{oaed
by consuming goat milk. In addition, a glass of goat milk provides upw of the
daily needs of riboflavin. Furthermore, goat milk also contawh levels of
potassium and vitamin B12. According to the researc szilk can be
considered a functional and neutraceutical health drin milk can be aduseful
source of nutrients for people who have a cow ‘milk allergy or t(iler‘a@gg'
especially those who suffer from anaemia, osteop%w r’?’:\l o) tion\, @ et

t“milk improves Zn

al., 2017). According to Zago and Ote'zaw( 01),
[

bioavailability, which is a well-knowr@
a po

consumption of goat milk may Ieadﬁ positi ‘e@v

during the Fe-overloading feedin ting; whic couldf%e due to the high
o

-
bioavailability of Mg and Zn (‘D& astrc@%&g)g),ﬂ%éether with goat milk’s
N
better quality of fat content (Alferez et al., : %
E—) v’

nt capacity. Regular

nomic stability, even

N
=
-

@&ur?e fatty acids FA), polyunsaturated fatty acids (PUFA),
iu

4
and me&
C

hain triglycerides
XD

ilk, which is beneficial for cardiovascular conditions. At the same time,

lein (2004) also mentioned that goat milk has a lower level of cholesterol than

w milk. Goat milk has a balanced fatty acid profile, which may contribute to the

prevention of atherosclerosis, heart attacks, strokes, and other heart complications.

T) contents in goat milk are better than that of
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Goat milk also has a high content of potassium which can reduce the blood pressure
level. Goat milk is a good choice for preventing cardiac disorders because |ts

can reduce total cholesterol levels. Alférez et al. (2019) concluded in th@h
that the consumption of fermented goat milk improves haematologic s and

promotes beneficial metabolic response, which may reduce the\geverity of

cardiovascular risk factors during anaemia recovery and iron over 0 reduce the
inflammatory response, macrophages activation, and a$ sd velopment
i ﬁ
2.3 Metabolism of Iron 2 g
NV
Yv \ e
2.3.1 Iron Bioavailability V 0\ é
The amount of ingested won\orb g Ab&g)he body for
by

physiological functions and stora ow n lity. Dietary iron
o
has two main forms, namel\Ee an me i&e iron comes from

haemoglobin and myo lobi nlmi fog.%r\\/hereas non-heme iron is
[
found in both plant and ani aI sour, r’dé is better absorbed than non-

heme iron. Appro&\&é& 40 @\ fro uﬁmal sources is heme iron, whereas

plant-source i Ncl ively hen- Hen*e’gzdn In adults with adequate iron stores,

apprOX|m A) of em? iron i «q(?éorbed (Monsen et al., 1978). Non-heme
won% rbs 5|gn |ca|{Iy Iags efficiently than heme iron. The amount of
ab

%«/e system varies depending on the balance between absorption inhibitors and

Gwancers as well as the individual's iron status.
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a) Factors Influencing Iron Bioavailability

Enhancers and inhibitors in the diet significantly impact the bloavallﬂa

of dietary iron. Depending on the ratio of enhancers to inhibitors in the
iron absorbed might range from 1% to 40%. (WHO, 2001). To increaSe the
bioavailability of iron in normal diets, meal plans might be ange to favour

enhancers, reduce inhibitors or both. It is recognized that var rlables affect
how well iron is absorbed from food. Heme iron absom@m re'moderately
influenced by the iron status of the host, but absorption of nofR=heme iro reng?.
influenced by iron status and also affected by dm&rs Anima sJe én:.‘e?it

fish, and poultry), calcium salts, phytates, ascoW!ﬁd and. polyp eno@ébeans
coffee and tea) are dietary components thtwhe ab ion of n@eme iron.

In addition, the amount of non- hem consume

=

Iso a@ts absorption
AN
capacity, with higher intakes res a I c nt &f absorption. Iron
ﬂ
absorption may also be mf&d by st fgﬁs such as hepcidin,
inflammation or infection, aT gen tic fagtors. bic acid and animal tissue
[ Q
are two dietary comp that im %\/J; sorption, whereas phytic acid,

O

polyphenols, and saltslnhl if. %
&
:' O
/ \b
d b')-' S
L
C-}’
N
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b) Method in Estimating Iron Bioavailability

The study of iron bioavailability in humans can be imitated by using Caco-2

cell line. Caco-2 cells are human epithelial cell line that behaves like i!t%l cells
as

derived from a human colonic adenocarcinoma. It is well established in vitro
model in many research of iron absorption. This method is usually c%bined with a

gastrointestinal model, a solubility test, or a dialysability testYnxample, after the
food sample has been digested, ferritin production in a mo r of daco-Z cells can
be used to measure iron intake. These combined techniques have enef{-%.for
! N
allowing the researcher to study iron absorption nsport mechanisms. d and
s X

Tamura (2001) mentioned that many researcheFTEonvmced\ hum@&bsorption
studies are the benchmark for evaluatin(w ironbﬁ)io labilitys, However, the
Q
usu

studies of iron bioavailability in humm -cost@they may require

d@ork that can prove the

tracer iron. There is an absence %tatiog&fli h
& 5
t fr

direct relation between estim\ elative iro I

bIO&I bility determined in the
Caco-2 cell system with h?viron iabso
(2002) published a stu% i

ally hi

ion s@s. However, Au and Reddy

showe

! Q
fjpaabc rrelation (r = 0.92) between iron

uptake in Caco-ZlQ&&Om \‘ario\fOOd &'@Gts’ and human iron absorption. It is
necessary to Mmo e yalidation st&@, especially regarding iron supplements,
H 4
ea li

ed J&ar an in vitro approach using Caco-2 cells is

even thouQ' (2007)
promi '%redicu‘r‘]g n ioa\@ility in human studies. In addition, the in vitro

>
m r evaluating iron bi'o@ailability could be a rapid and low-cost alternative.

‘é Yun et al. (2004) demonstrated gastric and intestinal digestion and absorption
Ing in-vitro digestion coupled with a Caco-2 cell culture model to replicate meal

intake in human studies, such as egg meals with different ascorbic acid concentrations
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and wheat rolls with various tannic acid concentrations. This study is conducted to
determine how iron bioavailability using cell culture can be used to assess hum?m
bioavailability. The Caco-2 cells formed a ferritin substance that serves as (% r for
cell iron uptake and is subsequently used as a functional indicator of iro ailability
in both absorption and utilization of iron in the tested materials. This\method found a
strong significant correlation between iron uptake by Caco-2 ;Mmdel from the

meals and humans. However, there is almost no possibih ha\'ing a concrete

measure of iron bioavailability because iron is measuredig, the te te‘(’fm&ﬁal and the
(3

percent of absorbable iron cannot be caIcuIated{w the ferriti cfn@ﬂion
tn1s m

measured in Caco-2 cell lysate. On the other odél S0 bQJYﬁlized to

study the interactions between iron and enlancersor in?ib . For ple, a study

was conducted to determine the effe %tose on

adding fructose 1,6-biphosphate (Fl@sinto iﬁ(%ul q@ﬂn increase in ferritin
N
formation in Caco-2 cells (Roﬂ%Ramﬂ

pta % Caco-2 cell by
O

0 etaly 20 It has been shown that

&

cabbage has the highest rel ihbavl'l f iron,*\kllowed by broccoli, pepper,

o

ext fo@tion of the fructose contained in

kale, and spinach. It is i I;hat thelcom

s 2
cabbage explains Mer ir<i
etal., 2019).

&

lability.in that vegetable (Rodriguez-Ramiro
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2.3.2 Iron Absorption

heme and Fe-
biosynthesis

FPN mRNA |\

-_/rrmrn maNa \

TFR1mANA

J DUTY mANA ]

@ translational control
Qﬂn\
/ endosome hemosiderin _/#

- e—— v — < -
e 25 g oy A gl
Figure 2.3: Diagram showing a li
“« Q-

humans. (Source: https://en.w .org/wiki an _g&f_metabolism)

Heme and non%;n mai up ie[arjbbn. The origin of heme iron is
exclusively from ﬁsou@
myoglobin (Dunn et alr, 20 i 'appr tmately 40 % of iron from animal sources

N

is heme iro etal., 2000 tlé oée?'nand, non-heme iron comes from both plant
s
and anindal sotirces. f 4\

%
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- o
\ e and non-heme iron are absorbed through different pathways, with the

ion process mostly taking place in the duodenum. Iron from non-heme sources

On the ferric form and must first be converted into ferrous iron before absorption,

which is facilitated by the ferric reductase duodenal cytochrome b (DCYTB) (Hentze
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et al., 2004). Then, ferrous iron enters the enterocytes through the apical membrane.
The uptake of non-heme iron is mediated by divalent metal transporter | (DMT

known as divalent cation transporter | (DCT1). Heme iron is different fror@eme
because it is already in the ferrous form. It is transported across the a embrane
by a mechanism that is still not well known among researchers. It w?u'ggested that
heme carrier protein (HCP1) assists in transporting heme iro ver, HCP1 has
been shown to transport mainly folate (Qiu et al., 2006). St Kr.a Muckenthaler
(2013) explained that heme enters the enterocyte as intact iro porphyrin

complex. The iron is released from heme by the he genase'1 (HO- c@ﬁs IS

inside the enterocyte. Then, both sources of iro com mén-labi won\/%l (Dunn
et al., 2007). \, o\ ‘T

The iron is either stored as ferrltlmort d out ? er& yte by ferrotportin
(FPN1) (Steinbicker and Mucke O 3 ess i‘i&h that mostly stored as

ferritin is lost through exfolia n he ce P le @310 % of the iron stored in

ferritin is later exported out ente ocytey(Ll nch@OO) FPNL1 is expressed in the
(O

basolateral membraneo e nteroc |n’n@6rophages liver, placenta and spleen

(Lieu et al., 2001 |n |s|a peptide hor e that controls the surface expression

of FPN1, w h 0 regulat |sl fLﬂ) n by triggering its internalization and

pléte ce&d{tlons (Steinbicker and Muckenthaler, 2013).

degradatl ing ifon r
S
The fe: n export y‘ﬁPN];zls taken up and transported by the transport protein
N

and converted to ?e‘EHc iron due to ferroxidase activity. The ferroxidase

% in the enterocytes is provided by hephaestin, a homologue of ceruloplasmin.

Oanwhlle, the ferroxidase activity in non-intestinal cells is provided by ceruloplasmin.

Steinbicker and Muckenthaler (2013) also explained that the mRNA expression for
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DCYTB, DMT1, HO-1 and FPNL1 is controlled by hypoxia inducible factor 2 (HIF-2),
while posttranscriptional of DMT1 and FPNL1 is regulated by iron regulatory pww

(IRPs) in response to intracellular iron levels.

a) Inhibitors of Iron Absorption

A
K
NV
) Phytate T |

Phytic acid is also known as an iron absorgtion inhibitor. It4 'blfr&éii‘r in
grains, legumes, nuts, and oil seeds. The salt form hytic aﬁid such as @esium,

04). hg?nechanism

calcium, or potassium salt is referred to as phytate'(Brow

of iron inhibition by phytate is due to its W bi
insoluble complexes that are unable tokbs Wx ti&Q—(. (Minihane and
(Q A
Rimbach, 2002). The phytic acid ecule Cﬂ%g tiva;harge phosphate, which
“« Q-

binds to metallic cations sucN , calci d zi%t%aving them insoluble and
N
decreasing bioavailabiljty. ’ %

(,JZ S
4
Higher inosit%)sphai

hexaphosphate IP5) lar

and Qb equently form

X
nosg_p xaphosphate-IP6 and myoinositol

corzs%h cause of inhibitory effects of phytates

[

!
on iron absor Sandberg alf(le-g}%? studied the effects of inositol phosphates

% N
with dif% mbepof p }ohoru@mups on iron absorption and he found that IP5

inhiwon absorption but nqﬁ;f-f‘;:t with IP3 and IP4. The in vitro studies have also
N

@vat even small quantities of 0.5 umol of IP5 and IP6 can significantly reduce

d solubility, meanwhile, IP3 and 1P4 did not (Sandberg et al., 1989). Hallberg et al.

989) also mentioned that the effect of phytic acid on non-heme iron absorption is

dose-dependent, similar with ascorbic acid.
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i) Polyphenol \Yv
Polyphenols are a class of natural chemicals that have phe@ctural
characteristics (Tsao, 2010). Based on their chemical structure, Ma al. (2004)
categorized them as phenolic acids, flavonoids, polyphenolhg: and other
polyphenols. The health advantages obtained are determi Wbioavailability of
polyphenols and the amount consumed. The antioxida nt of vaphenols

®
found in our food sources, such as edible plants, is thesmost prevalent taiy sggé of
-\

antioxidants. The properties are critical for enhanci uman‘h Ith speci@-ly in the
N

\ogical dié@ﬁ's, diabetes,

). Scalbert et al. (2005)

O

0 ee.&:hocolate, red wine,

cardiovascular disease, and osteoporosis %) r
also stated that fruits, vegetables, hra’

&
legumes, and other foods possess a? Qomentrati of po(-%henols.

7] %
\ &
Many fruits and f(? ura[ contain a gﬁp of phytonutrients called
flavonoids (Manach % 004).:

(catechins), di '%b\fl' '% idins). G t hocolat
catechins), meKea av% ymer rocyanidins). Green tea, chocolate,
s li

prevention of degenerative diseases such as canger, ne

—
@D
—

ea,

lav g-lg ‘h@(j exist as simple monomeric

red wine, and fr. apri es, a@rries are the main sources of catechins.
¢
However, t %n is aimolectile fgur@j? black tea that is produced during green tea
Y
fermentati the oXidation,of mo%meric flavanols (Manach et al., 2004).

N

\Ayphenols are also R:ramn to have anti-nutritional effects. Anti-nutritional

%can interact with nutrients, reducing their bioavailability. Polyphenols inhibit

0. absorption of iron that is released from meals by binding and forming complexes

with iron which take place in the gastrointestinal tract (Schonfeldt et al., 2016).
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iii) Calcium \Y.
Calcium is an important mineral for human nutrition that canno@ced in

the body and must be gained from diet. Milk, yogurt, and cheese are lees of dairy
products that are common sources of calcium. The effect of calcwlron absorption
has raised concerns because children and women are a isR@f.Tron insufficiency,
although the same populations are also advised to incr. ir caIWumption.
Calcium is unique among dietary nutri%is the only (iw;‘;d.)gt'ewy
component that inhibits both heme and non-heme%igon absyr i0 Regs@\ng how

calcium affects iron absorption, there is still somedebate™Accoxding t thh (2000),

the inhibitory effect of calcium on @io
ts tha ailability. Moreover, the

calcium and dietary compon alt \@ 10

interaction of calcium on luminal s regeptors during i@ptake may possibly be
rget a

“« Q-
the cause of iron inhibition. HM l. ostu,m%ﬂ that the effect of calcium

N
is at the mucosal Ievet'n Nich both'hem and @eme iron undergo a common

process.

>

db (@e interaction of
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b) Enhancers of Iron Absorption

i) Ascorbic Acid \i
Ascorbic acid is a water-soluble vitamin C present in fooq&as both
enzymatic and non-enzymatic activities. It acts as a cofactor for s?u metabolic

reactions in its enzymatic activities. Ascorbic acid, on the othew, is a powerful

antioxidant that aids in the scavenging of free radicals rgtive oxygen species

(Lykkesfeldt et al., 2014). The majority of vitamin C i mes frWables and
L
fruits, particularly citrus fruits. High quantities of vitamin C have bee obmd &ﬁwi,
=\
mango guava and broccoli. \'g
Y
T

By converting iron from ferric to fe

of non-heme iron absorption. As a Nan i y tr@%orted across the
enterocytes' apical membrane. Asc@)aci i n@ﬁelation by forming a

soluble compound across a

ascorbate, ascorbic acid sal? S anle a free radical scavenger and

reducing iron oxidatio%

for enterocyte ce&%iirnoff,l
iro

absorbed throu ans

qi
QD
>
o
~
[EY
O
0]
(=)
—
=]
QD
o
o
=
o
=

f
~ferrou form is the only iron that can be

'intes(hjéf' enterocyte cells (Gulec et al., 2014).

¢ z C—)

Ku@: (1968) found th (adding ascorbic acid to corn and wheat diets

'

increa Wbsorptio 4 siﬁg data-from a 1970 study by Callendar and Marney, they
N

dis% that adding 100 mlb(f:%range juice to an egg meal increased iron absorption

%.7 to 10.4%. Ascorbic acid's effect on the absorption of non-heme iron has also

On demonstrated to be dose-dependent (Cook and Monsen, 1977). Even when

inhibitors are present, ascorbic acid has a remarkable ability to overcome their
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inhibitory effects. In research by Hallberg et al. (1989), adding 50 or 100 mg of ascorbic

acid led to a noticeably higher rate of iron absorption from meals containing ?ﬂi

250 mg of phytate phosphorus as an inhibitor. ('}

i) Animal Tissue

Animal foods are well acknowledged as a well-kn tha‘ can aid in non-

heme iron absorption. To increase the bioavailability of irom wmal tissue
is being added to meals (Reddy et al., 2006). Bach e 2003)/pro tﬁe _@ence
of animal tissue on iron absorption b meagmo a low

y m n 40%. The

bioavailability test meal, which increased lﬁv

amr@%ﬂel meals on the

impact of adding meat (with or witho

és*

absorption of non-heme iron was ex: d by Ha t ’ @003 They discovered

that adding meat powder drarr% ;oseﬁel‘s % to absorb iron by 85%.

§’1‘ ctively due to the heme

The overall amox? n]
component of animal d in meat, , oultry Animal tissue improves

non-heme iron a '@1 in Vfg \mn d|ets numerous potential mechanisms by

which meat mwe non- on ak@)ifﬁtlon has been postulated. One of the

proposeda nisms i the t uPStlcQC}? gastric juice secretion. They also observed

that thPQ}

ther suggested me@m is the discharge of digestion products of animal

? ccording to Hurrell et al. (2006), animal tissue releases partially digested
u

0 cts that can bind iron via histidine and cysteine residues. The binding mechanism
causes iron to become soluble, then increase iron absorption. In this approach,

i :to aba&\b iron was increased by the addition of gastric
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inhibitors such as phytates and polyphenols found in meals are unable to bond with

X
N
_{"
b9

iron, preventing iron inhibition.

iii) Fructose

Fructose is a monosaccharide, a type of simple suga Nurally exists in
fruits, honey, and some vegetables. According to O'Dell (1 to e increases iron
bioavailability via enhancing ferrous iron production. Christides dWQlB) also
discovered that fructose dramatically increases ir@ilabili i
epithelial cells by increasing ferrous iron produeti til% i
the gut and liver. The results reveal thatﬁ{.‘x::m?e ISsmixed.with FeCl3, the

(<

ferrozine-chelatable ferrous iron leveélSyincrease by rou 30@ This study also

discovered that fructose increases t)@fls of irc)\h!i; "a\ic ferritin.

ich is a'major iron transport protein synthesized

Transferrin 'Weoprclte
mainly by the li '%as t S fO(@%{jing iron molecules and binds iron with
very high h ap O:Z?L{nsf Richardson, 2014). The ferric iron is taken
up by tr&ndﬁr }ed %. rget cells. The holotransferrin (HTF) is an iron-

tran&rotein sourced from{p}é(sma, which is taken up into the cell by transferrin

re? (TfR), a transmembrane protein consisting of two identical subunit. Each of
e tw

0 subunits of the TfR binds to one transferrin molecule. There are two types of
fR, namely TfR1 and TfR2. TfR1 is expressed in all tissues and is synthesized in the

endoplasmic reticulum. Meanwhile, TfR2 is expressed only in hepatocytes, duodenal
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crypt cells and erythroid cells (Lane and Richardson, 2014). Besides, TfR2 binds to
transferrin with a lower strength of binding than TfR1 due to a mutation in i?’!
linked to hemochromatosis (Papanikolaou and Pantopoulos, 2005). At th@ cell
surface, TfR1 binds to the holotransferrin and the complex is then e sed. The
release of the iron is mediated by acidification of the endosome b ase proton
pump. The iron is released at a pH of approximately 5.5. Divalent metal transporter 1

(DMT1) is the major iron transporter and plays a role in n K iror' uptake in most
ts iron

types of cells (Yanatori et al., 2019). DMT1 transpor ross.t embrane

‘aX
of the endosome into the cytoplasm (Chahine an@an, 1995). e‘ir@n be
utilized for cellular purposes, or it can be stor?_ e p@ i sto@ya' protein

I

ferritin. However, iron is also stored in hemqidﬁ at highe ncen@?&?& The apo-

transferrin-TfR1 complex then retur% :tE, cell su

transferrin.
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2.3.4 Iron Storage ‘0
> ’ $ &

ron, la as the iron storage protein ferritin,

as h&‘f‘ﬁ%iderin. About half of the body's ferritin

fn' e,

Q_Bresent in muscles and the reticuloendothelial

Y
ing t@ ‘,et alsa)w), ferritin is a soluble protein that has 24

subuu'&nd a cavity that ma@dre more than 4,000 iron atoms in the ferric form

Xet al., 2009). Mammalian ferritin is a heteropolymer composed of Heavy (H)

)

nd¥Light (L) chain components. The H-ferritin protein has a molecular weight of 21
Da, whereas the L-ferritin protein has a molecular weight of 19 kDa (Cullis et al.,

2018). Around 800 iron (Fe I11) sites are filled when ferritin is 20% saturated in vivo
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(Beard, 2001). Ferritin, with a high amount of H subunit, is found mostly in the heart,
red blood cells, and the brain, and it has a ferroxidase site with high ferroxidase a?q
The L-type chain, meanwhile, is primarily present in the liver and spleen, ave
larger cavities for storing iron. It serves to accelerate the nucleationAqw and the
turnover of the ferroxidase center (Hentze et al., 2010). The chem Y’eraction of
ferritin with ferrous iron oxidizes it to ferric iron for deposmon s cavity. In the
reaction that takes place at the ferroxidation center, ferritin xygfn as an oxidant
during the oxidation process. The iron oxide substanc kept i aI caV|ty
Because this process uses both ferrous and oxygen considered jto 'pr&ﬁ%ft the
production and formation of free radicals in cel sues (R t aI\JE'B). The

oreti ferr@en needed,
onc@ﬁﬂs such as iron

body's metabolism then releases the iron t h

primarily by proteolytic ferritin br@ In dis

deficiency, ferric iron in ferritin e redu%%rr pj‘ron as an alternative
N

approach that results in the relea%on (A}osm I,2 .

Ay u\?‘
2.35 Regulatlon f Iron<Stor nd/Upt &

| ~

a) Ferriti d ans lcept fR)
2 9
Re of iron abs ptl (—t'ransport and storage occurs mainly at the
; '
m

e" connp} mechanisms exist at the transcriptional level.

translio vel but
Ho& is of iron is accomb@ned through the iron regulatory proteins (IRPs) and

‘éponsive elements (IRE) signalling pathway (Zhou & Tan, 2017). IRPs bind to

QES in target MRNAS to regulate the expression of genes involved in the metabolism

of iron (Zhang et el., 2014). There are two types of IRPs, namely IRP1 and IRP2. Both
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types of IRP are expressed in all tissues; however, IRP2 is expressed in lesser quantities
in most tissues. The function of this protein depends on the intracellul

concentration. The IREs are responsible as either enhancers or inhibitors o@tion
under different circumstances. They are located either at the 3° unt d region
(UTR) or the 5° UTR of the mRNA. The binding of IRP to the protein located at
the 3 UTR leads to the stability of the mMRNA resulting in trarw and increased
protein synthesis. Meanwhile, the location of IRE at the 5 z.usef the binding of
IRP to the IRE blocks mRNA translation (Hentze et al.,"2010). T| veerritin is

®
located at the 5° UTR but the IRE for transferrin recep fR) is locate at‘hfﬁé) TR.

In a condition of iron deficiency, the IRP1 and nds to'the_ for%&ﬁ ferritin
and TfR, consequently decreasing iron storage and’ incrgasingsiron in@s} he ferritin

translation is blocked and ferritin synthesis Is prevented

the 5> UTR impedes ribosome bin%nd trans\l(m?f

e '}Gtein. The binding to
N

the 3> UTR obscures the mRN nuclease tior@ulting in translation and
iSinc

&
easeetability of the TIR mRNA.

increased protein synthesis. Mre, %
o
In contrast, the Ing activity of gtq}j IRE is reduced in the presence of

N O

ofthe ferrg.':@mRNA and increased ferritin synthesis,
thus allowing t Mrag an uced @ptake. TfR mRNA, on the other hand, is

rendered “@v affecting the anslé.eln and synthesis of the protein. Iron regulates
w i§’

the fu IRPl,J\'N
ac

also?a able of functioning as an isoform of cytoplasmic
N
ccording to Gourlé)(@t al. (2003), there is an assembly of [4Fe-4S] clusters

place in a condition in which iron is presented that reduces the affinity of IRP1

0 the IRE. However, there is a disassembly of the [4Fe-4S] cluster in iron deficiency

conditions. Thus, IRP1 has a strong affinity for the IRE, therefore, can easily bind IRE,
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functioning as a DNA-binding protein. Unlike IRP 1, IRP2 does not have those [4Fe-
4S] clusters and its regulation by iron occurs through degradation by proteasow'm
addition, ferritin is also a major predictor of iron absorption from meals @}t al.
(2010) reported that ferritin is entitled to at least 60 % of the va in iron
absorption from non-heme sources by affecting absorption by 10- 15%5'Accordmg
to Armah et al. (2013), ferritin influences 35 % of the varlablllt non-heme iron

absorption from whole diets. In contrast, Reddy et al. Cpor ed that ferritin

accounted for 32 % of the variability in non-heme iron rptio also said
O

to be inversely related to iron absorption becaus iron stored mfre_f%‘, the

absorption of non-heme iron decreases and VIC ook 91)\‘5~

__J?

<§

b) The Role of Hepcidin in Iron taboll m _\
\? Q
: l \

Hepcidin is an antimlcr rmon aI pe , CoRsidered the main regulator
of iron absorption. It is | |n ho eost : playing a key role in iron
absorption, recycling a% zation. Dep}n{ i stemic iron regulatory hormone
composed of 25-a aC|ds ly pr ed by the liver (Zhang et al., 2014).
Hepcidin regul ir ho ycocJ Ilng the iron export protein, ferroportin

(FPN1) expressio nd nctio FP’NUamultl domain transmembrane protein that
acts as tiie paifr expait ‘pn frme enterocyte, hepatocytes and macrophages. It

is k hat ferric iron in th@t’ must first be reduced to ferrous iron for non-heme

ir rption. Then, the divalent metal transporter 1 (DMT1) will be able to transport
@ across the apical membrane into the enterocytes. Once inside the cell, FPN1
xports the part of newly absorbed iron across the basolateral membrane into
circulating blood (Abboud and Haile, 2000). Hepcidin has been shown to regulate the
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expression of iron transporter in response to iron deficiency and anaemia conditions.
Hepcidin is able to adjust iron export from enterocytes into the blood by regula

expression of FPN1 on the basolateral membrane of enterocytes (Ganz @meth,
2011). According to Nemeth et al. (2004), hepcidin that is circulated c to FPN1

on the plasma membrane to reduce iron influx into the blood in a eedback manner and

"1

cause the impaired release of iron from macrophages. These res are due to the

binding of hepcidin to FPN1 which causes FPN1 to be int ized, d hosphorylated
and degraded.

Dysregulation of the hepcidin-FPN1 mte@s implicated” in ahé‘é?na of
inflammation and chronic disease, and also in t IN{K erloa ease such

as hemochromatosis, because of the roI%ﬁﬁdm?ﬁ re n%( n homeosta3|s

(Zhang et al., 2014). Anaemia of |nflm nis linke mcr@d hepcidin levels

\ A,
and characterized by a decrease %bs r@vt el ines and macrophage
%
eé

o
iron release, including an in in retieuloe othel&%ﬁron During infection or

is m@ﬁsed The cytokine IL-6 is

inflammation, the concent of

mentioned to contrlbu%we stimglation” of @ln production in inflammation

(Andrews, 2004) ccording @cker <a:%Muckenthaler (2013), hepcidin is an
acute-phase % an i crepse&)(&)duction of hepcidin is mediated by

Lbjd cyto@es mainly interleukin- 6 (IL-6). LPS may
b

medla in produ

I|p0p0lys
yi ing endoplasmic reticulum stress and activating

C- sponsive elementﬂgﬂdlng protein H (CREBH) (Kroot et al., 2011).

%hromatoms is a type of disorder mainly caused by insufficient production of

dcmm by the hepatocytes. It is characterized by inappropriately low levels of

hepcidin and increased intestinal iron absorption and iron release from macrophages.
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This condition leads to tissue iron accumulation and organ dysfunction mediated by

2.3.6 lron Utilization and Recycling Yv

Mitochondria have been assigned crucial roles in tQE metabolism of iron

iron due to an expanded circulating iron pool (Beutler, 2007).

because they assemble iron-sulfur (Fe-S) protein cluster t ‘as the site for heme

synthesis, and participate in most of intracellular iron metabolism ( Eie et al.,

2008). Fe-S clusters are protein cofactors found in

mitochondria, ﬁugkﬁ% and
cytosol that participate in catalytic and regu roc%' ectroqlvansport,
tricarboxylic acid (TCA) cycle, amino aw ntheiis a DNA{hjﬁcaﬁon and
repair and the regulation of gene exprw ill et al. ). T@ﬁ’ficiency of Fe-S

cluster synthesis is important to a%the cell lating, ifon homeostasis and

N
maintaining proper intracellula%stribu ion. iti@, the synthesis of heme
x theg%row, with a small fraction,

occurs mainly in developi loo
. 0 g | h . . .
approximately 15 %, in the“l er. The's sized heme is incorporated into

o
haemoglobin and wmom?t \Ihe bio esis of heme occurs in the following
four steps. Firsth‘t\he rmati

!
¢
followed b %@catio of th etrapwbrz: sidechains; and the final step in the heme

e pyc’g‘e{; secondly, assembly of the tetrapyrole,

Y
biosyntheti hway' i f‘orm@ of protoporphyrin IX and insertion of iron

(AJi al., 2006). The in /ion of iron into protoporphyrin IX is catalyzed by
S

fe latase (FECH). Ferrochelatase known as heme synthase is an Fe-sulfur protein

Gz ed in the inner mitochondria membrane.
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Macrophages are important in iron metabolism and recycling. Red pulp
macrophages (RPMs) in the spleen, central nurse macrophages (CNMs) i
marrow, and Kupffer cells (KCs) in the liver are the tissue macrophagesfre ible
for iron recycling. After phagocytosis, they use heme oxygenase to cataﬂégthe heme
from senescent and damaged erythrocytes, releasing the iron. Macrephages retrieve
iron for haemoglobin production. They are able to recycle 90-95‘Mdily iron while

also efficiently maintaining erythropoiesis. For exampl e;ogk'bin production
e corki

needs approximately 20 mg of iron per day, and iron rec

anificantly
X
to daily iron demand (Steinbicker and Muckentha@). The]ign'f' ar't @nt of
i

iron gained through haemoglobin degradati recy@fe irq@cycling

macrophages, and also recycle other use lIs ix\to tha Y.b

hemoglobin synthesis, such as produ& :e@erythroc or@“al., 2008). Most
of the iron homeostasis and traﬁick@'scontrib Mhe e ialized macrophage

functions. % q
&
N ’A;j Q

e used in
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2.4 Function of lIron

Iron is essential for oxygen transport as well as the respiratory %i
Several of its functions are associated with its role in heme biosynthesii% is

made up of a ferrous iron that is inserted inside a protoporphyrin ring, which is
made up of four pyrrole rings. It is an essential part of haem% which is

necessary for the transportation of carbon dioxide and ox roughout the

four'polypeptide

tos.\Q.

circulatory system. Haemoglobin, a tetrametric protein made\u
chains (2 alpha and 2 beta globin chains), is found mo i

transports oxygen from the lungs to the tissues an@ dioxi thL tébz?es
back to the lungs. Heme is a cofactor for severawymes, tacluding cat@ye; and
peroxidases. It is also a component of C)%Mes, Woﬁich ele@ transport

proteins found mostly in mitochondriaaN form si nt fu@ons in energy

metabolism (Liu, 2014 Iron serv g@ety 0%1 lét)@e of cytochromes,
? @

T q .
such as participating in Fe- ters. hermore, && clusters are crucial

components in the respirato?uin. S’wila cyto@mes, Fe-S clusters play a
[ Q
role in electron transphey alsq;%rixa(w ber of additional biological
: O

bind@g to substrates, controlling gene

«Q
>

ity, &@isulfide reduction (Johnson, 2005).

51



2.5  Prevalence of Iron Deficiency Anaemia i

Iron deficiency anaemia (IDA) is a global health problem arﬂ@ost
frequent cause of anaemia in developed and developing countr luding
Malaysia. According to the National Health and Morbidity Stth::/IS) of
2015, the overall occurrence of anaemia was recorded at G%YI-Y MS 2015 data
also revealed a higher prevalence of anaemia among in theWctive
years, standing at 34.5% (Awaluddin et al., 2017) Is statistic s aiseads;g?
global estimate of 29% provided by the World Hea rgani}at' n HO,\%Q 5).

N
In response, the World Health Assembly almeZto de the prevalénce of

anemia among women of reproductive, a @4/0 e year ZOZQas part of its
global nutrition objective (WHO. 2&1)) K u te diby Loh and Khor
(2010) stated that the overall prev ? f anaemia was 20(@6 while IDA was at

10.3%, indicating that about 5 naemi werLbQ(ﬁ'sed by iron deficiency.
Haniff et al. (ﬁ) their }‘Illtlc iré a-& sectional study, found that

’ &
the overall prevalente, of a QE uala é(swhpur was 35% (cut-off level at
11g/dL). The or| ild t)@‘é'nd the teenage group had a higher

incidence cases ? (nder}s followed by Malays and Chinese being
&sed

the leas cted among 178 non-pregnant women aged

bet 8 to 35 years old at\ ersm Sains Islam Malaysia discovered ninety-

ni jects (55.62%) were found to have Hb levels less than 12 g/dl. Sixty-five
:‘%cts (36.52%) were found to have ferritin levels of less than 30 ng/ml. The
A prevalence in this study was higher than the previous report among non-
pregnant females in Malaysia (Nurul, 2017). It has been reported that a moderately
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high prevalence of anaemia is found among infants, young children and women of
childbearing age. For example, among 490 preschool children in Kelantan, 38.?~

were iron deficient (Siti Noor et al., 2006). C}

Anaemia in pregnancy is one of the major public health problems in
developing countries. More than half of the pregnant women in “developing
countries are estimated to be anaemic, which is 52% co to 23% in
industrialized countries. WHO reported that about 10.8 ion 'nlAfrica, 9.7
million in Western Pacific and 24,8 million pregnant womeniin Squth sia aQ.

| Lo
anaemic. In Kelantan, Hassan et al. (2005) report 21.2% ofiworfién attendi g

’ X
the antenatal clinic had IDA. A larger study conw in K‘ana\ mpur @md that

1066 of 73,048 pregnant women attendirewtenat i Wereﬁxazemic and

35% were associated with IDA (Loh, 2

i d@mester, especially

prevalence was greater among pr. WO &
|

from the urban residential area& he pr@hg@ increasing trend with
: N
ongoing pregnancy.
X" | 7S
L
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2.5.1 Causes of Iron Deficiency

a) Nutritional Factor \Y..
The human body regularly gets iron from the foods consume@ily
basis. If too little iron is consumed, over time human body can e iron
deficient. Examples of iron-rich foods include red meat, Wafy green
vegetables and iron-fortified foods. For proper growth a dWment, infants
and children need iron from their diets too. Nutritionalé eficieancurS

®
when physiological requirements cannot be fulfille iron absorpti fjom %3’
o~
0

supplies. Researchers also suggested a method ective’p nt reedi@-and
NV

\?.\Iron gj\m'ency in

pplementation, iron

genetic engineering to improve dietary iro%@' nal

fortification of foods, or both ('ﬂze an \8\ rell, 2Q07). Insufficient

A
astrointestinal trac skin, in the urine,

b) Blood Loi&\ Q

!
Red b@s in the b d.\tontﬁ'm iron, thus, if a person loses blood, their

O
iron leve wp. I}UM" prg@ed and substantial blood loss, women who
4

have hivy enstrual cycles ara).?gre likely to develop iron deficiency anaemia.

- N . "
I wuency anaemia can also be brought on by slow, ongoing blood loss within

@

ody, such as caused by colorectal cancer, peptic ulcers, hiatal hernias, colon
lyps, or other conditions. Aspirin is frequently used as an over-the-counter pain

medication, and also can cause gastrointestinal bleeding. Johnson-Wimbley and
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Graham (2011) state that patients with intestinal angiodysplasia, for example, who
have gastrointestinal blood loss that exceeds their ability to absorb iron, nT
develop iron deficiency anaemia that is unresponsive to oral iron supplem@i

The most common cause of iron-deficiency anaemia is continuous loss,

particularly in older patients (Warner & Kamran, 2021). ? '
c) Inability to Absorb lron i'\d
"AY

is abso ‘ntg\\e

~—+

In the human small intestine, iron from t

bloodstream. Iron deficiency anaemia can be ¢

as celiac disease, which impairs the intestin

nts,@‘fuding lipids,

food that has been digested. The majori angested n

carbohydrate and proteins, as mlcronu\ﬁ?h ,aio\ vitamins, and

minerals, as well as water an s are serbe the small intestine.
Surgery to bypass or remo 0 onjf e small intestine may impair a patient's
capacity to absorb wo% er nutrient P‘sa@s of malabsorption lead to

decreased iron a bs jon a@ iron éﬂciency anaemia (Saboor et al.,

2015). Malabs tion¥can ed b(iﬁémucosal (luminal), mucosal, and

postmucos st sorptive mﬂ causes lead to maldigestion, meanwhile,

\
mucos ostniu ‘,cond&s are related to actual malabsorption

=
N

aetal., 2012). \C?’
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d) Pregnancy

Many pregnant women develop iron deficiency anaemia WithOLl{S

supplements because their iron stores must serve both their own increase d
volume and as a source of haemoglobin for the developing foetus. Anaemia in
pregnancy is more than 20% of the population worldwide, and Garzon Zal. (2020)

claim that this is a significant public health issue. Compared towan who is not

pregnant, pregnant women require more iron. This is %xp n‘ntial rise in

the amount of iron required to raise plasma volume, produ or, Mcel\lﬁ.

maintain fetal-placental unit growth, and comp%r iron Jost rir‘g‘%gi-ﬂh.
4

During the start of pregnancy, roughly 40% oan e>€hibi{ or a@gﬁt iron

stores, and up to 90% of women have irorces of less t 00 m‘@isher and

Nemeth, 2017). \ O
N

QC
qﬁo

2.6 Pathological Effect %Dei ncy nagg
oA uj S

a) Cognitive Development 2 g é},

The most@ n m‘i@cien@hildren between the ages of 6 and

!
24 months is cp,w ufficiehc ; Tiﬁgis the period when the brain grows the

O

most an%%gus g.e odevel pn@l processes are at their peak. Since this is
e

n the brain growiglg:nost, getting enough iron in diet is essential at
N

t Wt Dopaminergic-peptidergic areas have a significant localization of iron
bus pallidus, substantia nigra, red nucleus, thalamus, caudate nucleus and
cleus accumbens). Iron insufficiency results in lower non-heme iron

concentrations in the brain and decreases dopamine D2 receptors (Noor Fadzilah,

24

A

the per
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2013). The role of iron in the development of the hippocampal and the action of
neurotransmitters, particularly in the dopaminergic system, is a reason for T

impact of iron shortage on cognition.

Another proposed mechanism is connected to the high conceﬁns of
iron found in the cerebellum and basal ganglia, which are crucial r mo rfunctlon
and play a role in myelin synthesis and maintenance (Lozoff,?@-A deficiency
of iron can affect cognitive function and is associated ur p'1ysio|ogical
ts a\ﬂg.
Iu& -@Ig;))se

referring to intelligence, sensory perception, a ntlo a as We@dthose

related to emotions and behaviour, Whlcw i ctl)z;ﬁﬂx?ed to the

presence of iron deficiency anaemla

&
Throughout the first tw: % , iron Eeﬁmeﬁ@ anaemia (IDA) is
r ‘devel

impairments in infants, pre-schoolers and school-age children, adol

adults. The main cognitive impairments cause 0 short e

Q—

associated with poor psycho and V|oural abnormalities,

such as decreased leve fr onsiveness t: ?o% d stimuli, impatience, and

inhibition. Several t d| w h Lf.éjéen during infancy last for a very
long time. Accord&r po ooler 0 were previously anaemic are less
energetic, m@al ry thﬁn)%e corresponding controls (Oyarzun,
1993). C | ve worse fine-hand motions and poorer
acade evement (Walter 03) Besides, a chronic ID group showed

si antly lower scores on language, environmental sound perception, and motor
a

sures when compared with infants with normal nutritional iron status at 6
Qnths and 14-18 months (Beltran-Navarro, 2012).

57



b) Reduced Work Capacity and Productivity

Poor working ability and reduced work tolerance are two common an\i
signs. Those with low iron levels were much less productive than emp 3&@

normal haemoglobin levels. According to studies examining the connection
between haemoglobin concentration and work capacity, anaemi |nd| uals have
lower work tolerance than those with normal haemoglobin con ons (Gardner
et al., 1977). The decreased work capacity in anaemic ma} be mostly
explained by haemoglobin alterations rather than, by

Otat
(Edgerton et al., 1981). A very helpful critical ova@the evide e!peéfa?ly

the laboratory findings on humans and animals, ldew as an Wnlle

(2001). The major conclusions are that ID,tWans rgéult i

majm@ of laboratory
AN

investigations on both animals ag t D C)@wers aerobic work

decreased maximal

physical working capacity and decrease

0
capacity. 48*'
,}j K\
Research also ows IDA impairs; ae capacity and endurance.
Animal and human s |es gg s g ae‘sjﬂ relationship between all levels

of iron defiuency&) nt l hysical act . The connection between anaemia

and work cap y caus b’%roﬁ*s;mvolvement in energy production. The

all contain ren. Hemog obin, w contains iron and is a component of red blood

in tr@ansport of oxygen, and numerous enzymes,

essential for carrying oxygen from the lungs to the body's tissues. Another

-contalnlng protein called myoglobin, found in the cytoplasm of muscle cells,

s in the transport of oxygen to the mitochondria. Iron is necessary for the electron
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transfer chain-related cytochromes in mitochondria and enzymes like

dehydrogenases that oxidize substrates (Haas & Brownlie, 2001). T

c)  Adverse Pregnancy Outcome :(’)

One of the main causes of anaemia in infants and young children is ivdiciency
during pregnancy. The last trimester of pregnancy is when prewwomen are
most at risk for anaemia and iron deficiency. This happ bm iron transfer
from mother to fetus is supported by an increase in ma ron absQrptionduring
pregnancy which is regulated by the placenta (Harris, 1992; Starre d’ 1?93§~

=\
Because iron is used for the physiological expansionef the m?te al red bIon cell
N

mass, serum ferritin typically decreases si@gtly b \eNhe 12th“and 25th
week of gestation. During 30 weeks og\?ﬁa’a , the*faétu ecei(\ggthe majority
Th

of the iron, increasing the need for iEn. e ‘nqe?a f’e&LQn receptors in the
placenta when the mother's iron st 1S low, whichnllow‘:sf_kﬁ placenta to absorb
]
more iron. Excessive iron trarﬁpqgt 0 the y bteié\'/ented by the placental
N

synthesis of ferritin. Pcﬁ diegry iron 43nsu pqo@'ng pregnancy increases the
spec

risk of iron shortage, especially 'nﬂh& trﬁ‘réier when the foetus is dependent

on the mother's i@ . l Q/%
2 &)

|

¢

In a recent Study, iQSfdi@veredthatpregnantwomenwith anaemia
NN

(2]

had highier sratés of po mnios,, preterm birth, low birth weight ( 2500 g),
ne roblems, and NI \;r‘;spitalization. Affected mothers frequently
e xce breathing issues, dizziness, exhaustion, palpitations, and problem
J ing (Lee et al., 2004). Moreover, they have a higher risk of bleeding, pre-
clampsia, and perinatal infections. Besides that, behavioural issues and postpartum
cognitive impairment were reported (Milman, 2012; Murray-Kolb, 2013).
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Intrauterine growth retardation, preterm, and low birth weight are examples of
adverse perinatal outcomes that all have high mortality risks, espeuallyvv
impoverished countries (Bhutta et al., 2005). Iron deficiency also has be

to abnormalities in the implantation and growth of the embryo A@mals

particularly in the development of lungs, heart and brain (Noor Fadzmm).

Patients with a rare illness known as pica expetienee cravings uﬁh@y

d) Pica

substances that pose serious health concerns. wasJ first
recorded case of pica in the sixth century A ol Ithou@[‘he precise
cause of pica is unknown, iron deﬁme@ogmzed to stro@/ linked to the
condition (Kathula, 2008). Several eses hav po u@d to explain pica.
It was initially described in |ro nt anlmals nd t to be a response to

nutritional deficiencies (Hy: 771 bee n in men and women of
more com 'n

all ages and ethnlcme%

r socmeconomic levels and

is most noticeable i le Wlt‘1 ment |cult|es (Grotegut et al., 2006).
Patients in several rep |ca h@&idmltted to consuming items such as
ice cubes ds g t Hgll(_c}?rch paste, tomatoes, lemons, cigarette
butts, halr, , and/1 starcﬂ&Coltman 1969; Hackworth and Williams,

Zoo&hner et al., 2004 egut et al., 2006). Pica causes serious health
p that frequently call for medical attention. These patients are at risk for
etabolic and electrolyte disorders, lead and mercury poisoning, hypokalemia,
arasitic infections, tooth wear, intestinal blockage, and a variety of gastrointestinal

issues. (Barker, 2005; Grotegut et al., 2006; Khatula, 2008)
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2.7  Prevention of Iron Deficiency Anaemia

Similar to other nutritional deficiencies, iron deficiency mainly resul%i
poverty. It affects a significant percentage of persons in particularly S%:Ie

groups, even in wealthy countries. A wide range of sectors and organizations must
contribute ideas and resources to provide prevention initiatives, %tic rly in the

case of iron shortage. For example, the agriculture, health, rce, industry,
education, and communication sectors should be %ln arly strategy.
Consecutively, these sectors need to collaborate with m nl‘tie\ﬁonog\r
governmental groups. Targeted initiatives shoulé

increase access to a variety of meals, enhancw
in rurakareas. They

encourage improved feeding and caring b M («

are essential components of any healt gram to enhance itional health

\ A
generally but are particularly cr hr th t<of the status in the

Malaysian population. \é A’j

inimize !)o«)et‘r?y

S &
samt@n, and
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a) Dietary Improvement through a Food-Based Approach

The most ideal and long-lasting strategy for reducing micronutrient deflcwg{i
an approach that is focused on nutrition. These strategies aim to enhance S

consumption of micronutrients. Hence, food-based methods should include
strategies to increase the year-round availability of micron rlent- ch foods,

guarantee that households, particularly those at risk, have acce se foods, and
alter feeding habits. The ability of these food-based ap@ pr vlde a variety
of nutritional advantages is one of the greatest strengths.“Fhese adv es caq.

S
therefore result in both immediate impact and&rm sustai

production, preservation, processing, marketlw pr at' sho ppear

first in actual food-based systems. Second%wshould

such as intra-family food distribution m for vulnerable grm@
In order to combat iron de? y, initiativ s u e made to increase
access to and availability of fo igh in_i rgansﬁﬁﬂ flesh of cattle, birds,

fish, and poultry, as well a Qon anmlal fo slsu s Iegumes and cruciferous

vegetables, are som exa es. T "?o sh ffube on meals that improve iron
absorption or Utll& @Iude\ e of animal origin and non-animal
foods - such e f e)a%le&%ﬁd tubers - that are good sources of
vitamins and agld. |n , to boost the demand for and consumption

f s, effective nl{trl education may be required. This includes
P ng |nformat|on on healt and nutrition for both supply and demand aspects

0 rograms.
Because there is limited information available about the amounts of

phytates and iron-binding polyphenols in various diets, it is difficult to interpret
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iron bioavailability. Such information is vitally required to promote healthy food
choices among consumers. The age of the target group, seasonal availability,
other factors that affect food intake and meal patterns should all be considergéd
making recommendations. It should be highlighted that without additi ta on
meal composition and eating habits, food-frequency surveys are Wreliable
source from which to determine a person's predicted iron status. The'ioavailability

of iron is influenced by the techniques used in food pre@C pr(fessing. All

inositol phosphates reduce the ability of the body to absorlyiron in rWto the
®

Yw
total number of phosphate groups; therefore, proces%rocedu es th Iqw&f-%ﬁ'e
ility o

number of phosphate groups improve the bioavai f non irork‘/z~
\ @
Building food-based approaches %ﬂe nee!g‘s andsactivities, of women
nt

&
can be especially effective. This isma becau OT\@play multiple

responsibilities, including being %nary%a crg&iders of food. For
% @

9

example, encouraging homeﬂ S an all nm@sbandry, as well as
advancing technologies for eseryatio ho r community processing,
[
ving' i

can be particularly hefpfull in impr irop, status. These approaches are

@)

Womep%mcome and by improved nutrition

strengthened by i@h@ to ilicrea

obj ct‘ilve |qtarx‘)ﬁ]}dification is to enhance and maintain
’

jor
the iron s@ a po yn, invo&es behavioural changes that increase the

selecti foods that argfich'in ir?»gnd result in meal patterns that are favourable

education. Th

N
to i bioavailability. Ahmlgh sometimes difficult to achieve, such changes

ry habits can bring about important sustainable improvements, not only in

0" status but also in nutrition in general.
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b) Iron Supplementation

According to the authors of a study on the impact of ID on Chl\&
cognitive development, the effectiveness of short-term iron therapy i &)
2001)!

children under the age of two is debatable (Grantham-McGregor . Iron

treatment appears to be more helpful for anaemic children older%c years of

age. Regarding the behavioural issues linked to ID, it app at early iron

supplementation of infants with moderately low birth wei a r{o effect on

cognitive skills at age 3.5 years but significantly reduces the pr nce

e:!méd st

effect on linear growth |ndef|0|entpopulat|ons ects |ro suppl tatlon

th%&m ulatlog, cognition,
&

14). @se effects are

behavioural issues (Lobera, 2014). For other aut 0 seems 0

on immunological function, physical p or e,

and restless leg syndrome have been d (Lobera,
independent of an increase in h n |; ce%-}gnitive functions,
the point is whether improve n be achigve hro n supplementation.
The advantag of on supJIem atio an urban population of
nonanemic, iron- defc nt adole g we‘r “documented by Bruner et al. in
1996. The addltl |ron l nts e\ ced verbal learning and memory.
Another stud ha th!%geed &!g(ﬁ}ltlve performance in healthy formerly
iron- def dre‘y ay gpersist ('r{ after iron therapy (Lobera, 2014). The
scientl othesized that" I&jong,mstmg changes in myelination and energy
N

Ilsm, perhaps especially in the hippocampus, might account for these long-
’ é effects on an important aspect of human cognitive development.

0 Devaki et al. (2007) evaluated two groups of teenagers (nonanemic ID and

iron-deficient anaemic) after 8 months of iron supplementation. Cognitive function
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and academic performance significantly improved as a result of the
supplementation. Ebenezer et al. (2013) reported that there is no significant imp
on concentration levels and test scores in a shorter follow-up trial with 6

iron supplementation. When contrasting anaemic children with child o are
iron-rich, it appears that anaemic youngsters develop their moto Ws more
quickly. In contrast to iron-sufficient children, children with I 0 have a
dose-response relationship between haemoglobin and cogn f ctlor which has

not been observed in those without ID.

In a study by Christian et al. (2010), it und that re ’onkcalc

acid supplementation was favourably assouat f|n ot perfo@:ahce in

offspring in a region where ID was com Nel et%&. 8) a@stered an

iron supplement to breastfed infants age months R rding@ development

impacts, that supplementation r ni v ce';ﬁﬂental indices and
0
. o .
visual acuity at 13 months of er con or ba&d&)und factors, children

with severe, chronic ID in i dem’nstr poo@hotor functioning, written
[

expression, mathemati c eveme a qp articular cognitive processes

(spatial memory,'QNp recall, a tachlsg%oplc threshold), and this occurred

10 years after Mnt %O
D, (.z o
% etwlge th g S oj?and 24 months who had received iron in a
timely

r performed bette\r/YBn neurodevelopmental tests, according to

VI|I et al. (2012). There have been some reports of cognitive function gains

ding low-income preschoolers cookies supplemented with heme iron may boost

reschoolers following iron supplementation. According to Landim et al. (2016),
N

their cognitive development. Moreover, after iron supplementation in children,
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Pollitt (2001) observed improvement in cognitive brain function. Young children
with IDA have been found to benefit from iron treatment in the short term in tevv
of their mental or psychomotor development, but the impact of Ion(er'-\sm
treatment is yet unknown. In addition, supplementing with a combinaﬂAQf iron

and folic acid tends to improve young teenage girls' cognitive abilitie ompson

etal., 2013). \)

2.8 Beneficial Effect of Date Palm on Iron Defigigncy Anaémia N
| S

Numerous scientific studies reported th i % urc&q%any

nutrients and are able to alleviate symptom I (A*We’ reza et al. 6; Abdel

owr@e rich in iron
(Eldaim & Elnadi, 2014) and was %d can i\sh_gmgth h@%oglobin level in
%3 )
4]

rats (Onuh et al., 2012; Zen et ). Date p «als@ been described as a

major source of iron amon %And I Ies aha@l., 2007). Date fruit has
huge potential in maintaini man E‘ Ith E‘ fo h&roperties as energy-rich food

iner:ﬁ(Al Farsi et al., 2005). It is also a

significant sour&f tary*fi lssenl{&_/&itamins and minerals (Al Shahib &
¢

Marshall, gm\ode te CO efﬁra@}cg of manganese, iron, phosphorus and

Rahman, 2006; Onuh et al., 2012). Th e am has bee

and a source of a v, of bere i

Y
calciumgper 100 g of/d ?videﬂﬁar 7% of the daily requirement (Al-Farsi &

Lee&h. Consumption of d@falm would contribute significantly to the daily

requirement of many of these components, such as carbohydrates and minerals (Fe,
yCa, Zn, P, Cu, Se, I, etc.) and provides reasonable amounts of vitamins such

s niacin, B6, and folate (Vayalil, 2012). Therefore, daily consumption of dates can
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be a good alternative for the treatment of deficiency-related diseases, particularly

g
0

anaemia.

2.9 Beneficial Effect of Goat Milk on Iron Deficiency Anaemi

The children who consumed goat milk gained more weight, eight, skeletal
mineralization, and blood serum contents of vitamin g%:ur thiamin,
riboflavin, niacin and haemoglobin as compared to those co uw‘milk
f vitamin t‘i@‘z,'
). arf ( repo{& that

N g('
aci pared to
cow milk. Alfereza et al., (2006) dem rata that milk otk@ﬁiry products

obtained from cows, being rich in cﬁju, interfe\m_rg_\'gth a@?ption of Fe from
S
the diet. However, recent studi%(oung‘ that goat mﬂi@es not only increase
X

Fe bioavailability in anemic_ra bul SO Mminimi the interference of Fe
nd

absorption by improvi tabolic %ggti f Ca and also minimizes the
’ &

possible interactitwwith o oM

with cow milk-fw als 3

suggesting that goat milk supplies adequate amou

riboflavin and pantothenic acid (Diaz-Castro et

goat milk is deficient in iron, vitamin B6
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2.10 Promotion of Alternative Medicine

There is a lack of valid experimental data and scientific design of t@

of alternative medicine toward human health. These gaps arise mainly d hack of
interest in therapeutic properties hidden in traditional herbs, foods and medlc e among

researchers and leading industries. However, several issues invelving'side effects of

conventional treatment involving modern drugs have |n|t|at rts to find better
treatments that involve the usage of more effective metho alt rllatlve medicine.
Therefore, modern researchers and scientists have come uprwith the of deease
prevention through foods or plant-based and healt styles l)f#x‘aNHO
Traditional Medicine Strategy 2002-2005 als a ein tgze\,significant

plerﬁary medicine

advances in research regarding the effec Mlonamnd

products on health (WHO, 2013) ighlight a

developing countries to get mvol; nithis sa%pio
n

biotechnology sectors. Tradi d complementary icine sector now plays a

significant role in the econo?ﬂevelo me an r of countries (WHO, 2013).

Dates have gained pop in recent ye (jpl tﬁelr multiple health benefits; as a
result, numerous an@ ah stu(v ; as well as the identification and
quantlflcatlon eraI class phy{ogbemlcals are being conducted worldwide
(Vayalil, e f ﬁumlk has also drawn attention to its use as a

crucial went of h .ﬁutrl , according to Clark & Garca (2017).
N
A S
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