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Introduction

Of the human nutritional deficiencies iron
deficiency is considercd to be the most
common throughout thc world!. Iron
deficiency is thc commoncest causc of
anacmia, cspcially in children and womcen of
child becaring age. According to Royston?
about half of th¢ non-pregnant women and
necarly two-thirds of the pregnant women in
dcvceloping countrics could be considered
anacmic.

In many dcvecloping countrics iron
deficiency has been ascribed to the presence
of low bioavailable iron in the dict together
with the cxaggerated need for iron duc to
intestinal infestation and gestation.!3, A
wecalth of information about iron absorption
from various foods and complex intcracting
naturc in mcals has made it possiblc to
predict rcalistic mcasurcs against iron
deficiency3. It is therefore important to study
the bioavailability of iron cncompassing such
aspects as to how the various dictary factors
affcct its abosrption resulting dcficiency.
The present review highlights the various
factors in food cnhancc or inhibit iron
absorption affccting its bioavailability.

Measurement of Iron Absorption

Basically iron absorption is assesscd by iron
balancc study and by mcasuring crythrocyltic
incorporation of irond. Chemical balance
tecchniques uscd earlicr is now replaced by
radio isotopic techniquc where iron
absorption is mcasurcd on account of
erythrocytic incorporation of iron after
placing the subjcct on biosynthctically
labelled food (intrinsic tag). It is assumed
that 90% of iron is incorporated into RBC
within 10-14 days in normal subjccts®.
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In another method, a trace amount of radio
iron 1 10 10 mcci is allowed to ingest as a
drink with various standard mcals followed
by scientific count of 4 hours and 14-20
days later to gct an index of iron
absorption?.

Later on extrinsic tag technique considered a
valid and better method in which a small
amount of inorganic radio iron (0.001 to 0.5
mcg) is uscd that cquillibrates with the
cxchangcable non-heme iron pool of a meal.
It was obscrved that simultancous
administration of intrinsic and ¢xtrinsic tracer
would give a constant identical ratio (1.10)
of iron absorption in diffcrent food and in
different subjectsd.

Subscquently in-vitro techniques have been
devceloped to predict bioavailability of
iron”:8. Besides this, morc than one method
is now practiscd for corrcct estimation of
iron absorption.

Site and Mechanism of Iron
Absorption

Aside from a small amount of iron that
absorbs in thc stomach, most of the
absorption takcs place in the duodenum and
upper jejunum?.

A multifaccted iron absorption system
developed in man involves solubilization
through interactions between free iron and
food component, motility cffect, mucosal
uptake of various forms of iron, mucosal
processing of iron and finally thc movement
of iron from the mucosal ccll to the body
interior (transfer)?.

There arc atlcast three pathways of mucosal
iron absorption involving iron sallts,
transferring bound iron and heme iron. Iron
salts are absorbed in thc upper duodenum
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where the acid p!! foster iron solubility. The
presence of mucosal transferring in the gut
lumen provides a sccond pathway in which
non-heme iron is chelated by transport
protcin and cnters the mucosal cell via
transfcrrin receptor system. The relcase of
iron from this transferring iron receptor
complex may be mediated by a fall in p!l
since an acid labile binding site loscs its iron
first.

Heme iron is absorbed intact by a special
receptor in presence of heme oxidase.? Iron
from thesc three different pathways appears
Lo enter a common pool within the mucous
ccll.

Pool Concept of Bioavailability of
Iron

When an inorganic radio-iron tracer is added
1o a meal, an isotopic cxchange between the
tracer and all the native iron probably
occurs. This forms a common pool of ionic
cxchange from which absorption takes
placc4. There arc two possiblc iron pools

namcly heme and non-heme iron pool?.

Hence the quantity of bioavailable non-heme
iron is influecnced by many factors, the
diffcrence in bioavailability of iron in
different single foods may be considered as
due 10 the difference in the relative size of
pool of cxchange. Thus, the bioavailability
of iron in a meal might be the cffcct of all the
food itcms and their constituents, increasing
or decreasing non-heme iron absorption.

Factors Influencing Iron Absorption

The greater pereentage of dictary iron is non-
heme amonst 100% in meals that exclude
any form of animal tissuc. Unlike heme iron
non-heme iron absorption is greatly
influenced by the varicty of ligands present
in the diet (table-1).

1. Specific Human Factors
Iron Status
Iron absorption is related to iron need of the
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body4. The iron deficicnt subjccts tend to
absorb more iron than iron-replete subjects.
However, a marked subject to subjcct
variation was obscrved based on which the
reference dosc of radio iron has been
proposed. Under standardized conditions the
ratio of iron absorption from test food 1o a
standardized reference dose of ferrous
ascorbate (3 mg Fe S 04 + 30 mg ascorbic
acid) can give an index of relative
bioavailability of non-heme iron in different
subject!9. It is stated that in a fasting
subjccts (10-12 hours) of borderline iron
deficiency, the absorption of reference dose
was 40% and it is proposed that the
bioavailability of non-heme iron in a meal be
cxpressed corresponding to a 40%

absorption from reference dose?:10,
Pregnanacy

Daily iron requirement increased from 0.8
mg in carly prcgnancy 10 4 to 7 mg in the
sccond and third trimcsters with a

conscquent increasc in iron absorption!l. In
onc study it was obscrved that mcan
absorption during the period 8-16 weeks
was 8.14%, during 28-32 wecks it was

31% and in 36-39 weeks it was 32.8%!1.
Disease state

It was obscrved that iron absorption
decreased in febrile conditions while it
showed a slight increment in hemolytic
syndromes>. Iron absorption is impaired in
giardiasis and in other intesfinal disorders
and also in children with Protcin Encrgy
Malnutrition (PEM)!2,

2.Intestinal factors

The amount of iron available for
asborption depends on®.

a) adcquacy of gastric sccretions,

b) the amount of iron supplicd through
dict.
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¢) the chemical nature of iron,

d) the composition and consistency of
the meal and

¢) the influcnces of the ligands.

Gastric sccretions help absorption of iron!3-
Howcver, controversy cxists about
gastroferrin sccretion which might inhibit
iron absorption. Usually as thc amount of
iron in the dict increases, the proportions of
absorption falls but thc absolulc amount
incrcascs. Simple ferrous salts arc found 1o
be better absorbed than complex onc!l.

Table 1. Factors affecting Fe absorption
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Protein and Carbohydrate food

The cffects of protein on iron absorption
depends on the nature of protein in the dict,
its amount and the naturc of food with which
it is mixed!4- It is now well established that
protein present in meat and fish is a potential
cnhancer, and the promoting cffect is dose
rclated. This meat cffect for iron absorption
has not yct been well defined. According to
Layrisse ct al!5 cystcine would be the single
most common amino acid found in protcin to
incrcasc iron absorption in humans. They

Factors Absorption

increase decrease
Dictary Fe content Fe replete dict Fce deficient dict
Chemical form of Fe Fc2 + Fc 3+

Heme Fe

Dictary constitucnts

Intestinal sccretion
Intestinal motility
Complcxing agents,

Fe status of the
body

Erythropoicsis

Increased Fe
turnover duc 1o
other causes

Others

ZP>ZCT A=T—AmTY CeZ-—Humaz -

Fructosc, cystcine,
ascorbic, cytric,
succinic, malic
acids

HCL, protcolytic
cnzymes
rcduced

Fc deficicney

blood loss,
hacmolysis,
pregnancy.
Thalasscmia,
sidcroblastic
anacmia

Idiopathic
hacmochromatosis

starch, phytate,
oxalatc, fibre
polyphcnol
phosvitin
con-albumin

Achlorohydria
incrcased

(c.g. diarrhoca)
EDTA*

Gastrofcrrin (?)
Fe overload

Aplastic anacmia

Endotoxin

PEM, Giardiasis

*  Ethylencdiaminctctraacetate.
Source: Bernat, I3 (modificd)
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also obscrved the strong cffect of cystcine
on iron absorption at doscs of 50 to 100 ¢gm
of protcin.

The phosphoprotcin of cgg has an inhibitory
cffect on iron absorption and the milk
protcin (cascin) has a similar cffcct on iron
absorption may also bc duc to the presence
of phosphoprotcind- Unlike cow's milk, iron
in human milk is well absorbed as high as
49%16.

Recent study has shown that protein
cquivalent quantitics of soy protein, whey
protcin and cascin arc cven stronger
inhibitors than cgg protein!”.

The low absorption of iron from ccreals has
been traditionally attributed to the presence
of phytate and fibre. Cooking of cercals
produccs a greater absorptive surface and
thercfore, a higher capacity to absorb
cations!8, Howcver, the additional
depressing cffcct of cooked starch on iron
absorption obscrved by Rozo ct all®
descrves further investigation.

Ascorbic acid

Synthetic ascorbic acid and fruit juice
containing a high content of ascorbic acid
markcdly incrcascs non-hemce iron
absorption!?. However, ascorbic acid has no
cffcct on the absorption of heme iron. The
cnhancing cffect of ascorbic acid is
attributed to its reducing cffcct and/or
chelating property with ferric iron at acid p!!
that remains solublc in an alkalinc millicu of
thc small intcstine29- Ascorbic acid
simultancously consumcd with other foods
cnhancces iron absorption 3-6 fold and the
effect is dosc-related!®20- Recently, the
detailed physiological role of ascorbic acid
on iron absorption {rom diffcrent meals have
been investigated based on which Hallberg
ctall® suggcested that 50 gm ol ascorbic acid
in any form (crystallinc or native) would
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increase iron absorption to approximately the
same cxtent as an addition of 90-100 gm of
mcat or as doubling of iron content of the
mcal by iron fortification with Fc S04.
Cooking and baking can destroy ascorbic
acid and thus cffects of iron absorption.
Calcium, phosphorus and cadmium

Monsen and cook22 obscrved that only when
calcium and phosphorus salts addcd
simultancously to a mcal (scmisynthelic), a
significant inhibition of iron absorption took
placc. However, ferric orthophosphate and
iron pyrophosphatc have low bioavailability
and iron fortification with these scems to be
incflcctive. The phosphorus present in
vegetables, mostly in the forms of phytate
have a strong inhibitory cffect on iron
absorption?3, Cadmium reduced absorption
of iron salts by about half in both normal and
iron deficicnt subjects24-

Organic acids and polyphenols

Low molccular weight organic acids such as
citric acid., malic acid, tartaric acid have
been found to be potential cnhancers of iron
absorpiton cven in small quantitics23: The
vegetables associated with modcrate or good
iron bioavailabilily contain apprcciable
amount of onc or morc of these organic
acids. Howcver, tannic and oxalic acid cxert
a modcratcly dcpressing cffect on iron
absorption23.25,

Phytate

It is now wecll cstablished that sodium
phytate and foods with high phytalc content
such as bran deccrcasc iron absorption in
man. Simpson ct al?6 demonstratcd that
whole bran had a markced decrcasing cffect
on iron absorption while dephytinized bran
(cither by endogenous phytate or by washing
with HCL) significantly incrcasc iron
absorption.
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A recent study shows that various nuts such
as walnuts, almounds, pcanuts, hazclnuts.
brazilnuts ctc. have a strong inhibitory role
on iron absorption which might be duc to the
prescnce of phytate, polyphcnolic
compounds and protcin content within27-
Fibre

Iron-binding experiments carried-out in-vitro
suggests that fibre is an inhibitory substance
of iron absorption, although there is littlc

cvidence in human?®- According to.

Vahowny ct al2? fibrc helps to increase
goblet cclls in the villi column sccrction of
which acts as a rate limiting diffusion barricr
for iron absorption. Cook ct al3? found
modecst inhibitory cffcct of fibre on iron
absorption. However, among various forms
of fibre, only hemicellulose and lignin have
inhibitory cffect on iron absorption?3.

Chemicals and alcohols

Cycloheximine impairs iron absorption,
possibly by interferring synthcsis of carrier
protcin while phenobarbitol found to
increasc absorption. Alcohol increascs iron
absorption in subjccts with normal gastric
secrction! 1.

Iron bioavailability in meals
Tablc-2 shows the bioavailability of iron in
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Thai mcals. This study dcmonstratc the
marked influcnce of the composition of the
mcals on the bioavailability of non-heme
iron.

Bioavailability of iron in the whole
diet based on nutrient density

Hallbcrg4 formulated that bioavailability of
iron would bc the amount of iron absorbed
(in mg) from a mcal pecr unit of cnergy
(1000 kcal) by subjects who arc borderline
iron deficient (i.c. 40% of rceference doscs of
iron).

The study rcvealed that the avcrage
bioavailable nutricnt density of the dict was
0.9 mg of iron/1000 kcal and taking cnergy
intakc of 2675 kcal/pcrson/day the iron
absorption at a state of borderline iron
deficicncy was cstimated as 2.4 mg/day. The
bioavailable nutrient density of
mcnustruating women was c¢stimated in the
same way (1.7 mg/1000 kcal). To mcct the
iron requircment in 90% of women of
childbcaring age, 2.2 mg of iron must be
absorbcd daily. If the average encrgy intake
is about 2000 kcal, thc avcrage bioavailable
nutricnt density must rcach 1.1 mg of
iron/1000 kcal.

Regulation of iron absorption
The rcgulation of iron absorption is

Table 2. Bioavailability of iron in some Thai diets*

Mcal Iron content Absorption Bioavailable

Composition  cmsemeceeeeess e nutricnt density
Non-heme Non-Heme Total m &r of iron/
(mg) mg) % 1000 kcal

Basal mcal 1.5 0.16 10.7 0.16 0.47

(rice, veg., spices)

Basal mealt 1.9 0.29 15.3 0.29 0.75

fish

* Published absorption figures calcuated to correspond to 40% reference dose absorption. Heme iron

absorption calculated to 25%4.
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multifactorial. Charlton and Bothwell26
hypothesized that iron content of individual
tissucs might be in itsclf a regulatory lactor
for iron absorption. A labilc pool of iron
available to transferrin is assumcd to be
present in all body tissucs. Since iron uptake
from transfcrrin is dctcrmincd by the
requircments of the crythroid marrow, cach
tissuc supplics iron to transferrin in
proportion to its labilc iron pool. Therefore,
a dccrcase in tissuc iron content would
results in an incrcased entrance of iron from
the gut, while an acute risc in plasma iron
turnover duc to cnhanced crythropoictic
activity would causc an incrcascd iron
absorption.

On the basis of various obscrvation,
Hubers? proposed a functional model for
iron absorption. This proposition is bascd
on the gencralization that the mucosa has a
certain capacity 1o absorb iron which is
determined by previous cxposure 1o
available iron in the lumen by internal iron
stores, and undcr certain circumstances (in
the presence of placenta or duc 10 abnormal
crythropoicsis), influcnced by the transferrin
receplor mass within the body. It is also
hypothesized that only when the internal iron
supply to the crythroic marrow of placenta is
inadequatc to saturate receptors, a si gnal for
increased iron procurcment dictates an
increased absorption. There is however, still
a great deal of uncertainty as to what signal
the mucosal cell provides to increasc or to
dccreasc iron absorption?-

Discussion

It is cvident From the present review that
iron availability in the body depends on
many factors cither endogenous to food or
cxogenous. Though, the recent advancement
of rcgulation of iron absorption and its
molccular basis was outlined?, the
controversy still  cxists. However,
knowledge about bioavailability of dictary
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iron has increased rapidly that may help 10
design mcals to maximizc iron
bioavailability. The new pool concept
facilitate to incorporalc its idca into mcal
planning. It decmonstrated how to incrcasc
iron absorption not only by incrcasing iron
content of the dict, but also by cvaluating the
quantitative cffect of inhibitors of non-heme
iron absorption and thc intcraction of
inhibitors and cnhancers. Rescarch in these
arcas is thus crucial to f{ind cffcctive ways
and mcans of improving the bioavailability
of dictary iron and hence iron nutrition to all.

Summary

Absorblion of dictary iron vary from meal to
mcal which is modificd by its composition
(bioavailability). The absorption of heme
iron is always greater than non-heme iron.,
Absorption of non-heme iron is affected by
many factors whilc only bioavailability factor
of heme iron may be the amount of meat in
the mcal. Meat, fish, poultry and low
molccular wecight organic acids viz.,
ascorbic acid, citric acid, tartartic acid and
malic acid arc demonstrated as cnhancers of
iron absorption. Synthctic complexing
agents (c.g., EDTA) as well as spccific
complexing agents cndogenous to food cxert
inhibition of non-heme iron. The purificd
form of these substances or synergism in
foods may act to rcduce absorption.
Polyphcnolic compounds present specially
in tca and coffec also inhibit absorption of
non-hcme iron to a great extent.

The gencralization that iron of plant origin
havc low bioavailability may not truc for
vegetables but for legumens and cereals.,

Acknowledgement

The author is grateful 1o Professor Peter
Heywood, the Dircctor, Community
Nutrition Program of Qucensland
University, Australia for his constant input
to cnrich the view entitled.



References

1.

11.

13.

14.

15.

WHO. Control of nutritional anacmia with spccial
reference to iron deficiency. Report of an
IAEA/USAID/WHO Joint Meeting Technical Report
Scries 530, 1975.

Royston, E. The prevalence of nutritional anacmia in
women in developing countries : a critical review of
available information. W1d. Hlth. Start. Quan. 2, 529,
1982.

Baker, S. J. and De Macycr, E. M. Nutritional anacmia:
its understanding and control with special refcrence 10
the work of the World Health Organisation, Am. J.
Clin, Nutr, 32, 368-417, 1979.

Hallberg, L. Bioavailability of dictary iron in man. Ann.
Rev. Nutr. 1, 123-147, 1981.

Bemat, 1. Iron mectabolism, Plenum Publishing
corporation, New York, 10013, 1983.

Moore, C. U.; Dubach, R. observation on the
absorption of iron from foods tagged with radio-iron.
Trans. Assoc. Am. Physicians., 64, 245-56, 1951.
Miller, D.D., Schricker, B. R. ; Rasmussen, R. R. and
Van Campen, D. An invitro method for estimation of
iron availability from mecals. Am. J. Clin. Nutr. 34,
2248- 2256; 1981.

Narasinga Rao, B. S.; Praghavth; T. Am in vitro
method for predicting bio availability of iron from
foods. Am. J. Clin. Nutr. 31, 169-175, 1978.

Hucbers. 11. A. Tron absorption : Molccular aspects and
its regulation. Acta. Haematol. JPN 49, 1528-1535,
1986.

Magnusson, B., Bjom-Rasmussen, E., Hallberg, L
and Rossander, L. Iron absorption in relation to iron
status model proposed 1o express results to food iron
absorption measurement. Semi J. Haematol, 27, 201 -
208, 1981.

Bezkorovainy, A. Biochemistry of non-hemc iron.
Plenum Press, New York, 1980.

De Vizia, B.; Poggi V.; Vajro, P.; Cuchiara, S and
Acampora, A. Iron absorption in giardiasis. J. Pacdiatr.
107.75, 1985.

Bezwoda. W. R.; Macphail, A. P.; Bothwell J. H;
Baymer R. D.; Derman D. P. and Torrence. J. D.
Failure of transferrin to enhance iron absorption in
achlorohydric human subjects Br. Hacmatol. 63, 4,
749-752, 1986.

Hurrel, R. F.; Lynch, S. R, ; Trinidad, T.P.; Desscnko
S. A.; Cook, J. D. Iron absorption in human bovin
scrum albumin compared with beef muscle and cgg
white. Am. J. Clin Nutr. 47. 102-107,1988.

Laynissc, M.; Martincz-Torres, O.; Leets, L.; Taylor P.
and Rumirez, J. Effect of histidine, cysteine,
glutathione or beef on iron absorption in human. J.
Nutr. 114, 1, 217-223, 1984.

Mc Millan, J. A.; Oski, F. A. ; Laurie, G. I; Tomarrelli,
R. M. and Landaw, S. A. Iron absorption from human

18.

23.

24.

25.

26.

27.

28.

29.

30.

31.

milk, simulated human milk and proprictory formutas,
pediatrics 60, 896, 1977.

Lynch, S. R.; Dassenko, S. A Beard, J. L. and
Cook, J. D. Soy-protcin products and heme iron
absorption in humans. Am. J. Clin. Nutr. 41, 13-20,
1985.

Rozo, M. P.; Campen, D. V. and Millex, D. D. Effects
of somc carbohydrates on iron absorption. Arch.
Latinoam. Nutr. 33. 4, 688-700,.1986.

Hallberg. L.; Brune, M. and Rossander, L. Effcct of
ascorbic acid on iron absorption from different types of
meals. Hum. Nutr. Appl. Nutr. 40A, 97-113, 1986.

Kics, C. Ntritional bioavailability of iron. Acs
Symposium Series. Am. Chem. Soc. Washington D.
C. 1982.

Derman, D.P.; Bothwell, T. H.; MacPhail, A.P.;
Torrence, J. D.; Bezwoda, W. R.; Charlion, R. W. and
Mayet, F. G. II. Importance of ascorbic acid in the
absorption of iron from infant food. Sacand, J.
Hacematol 25, 193-201, 1980.

Monsen, E. R. and Cook, J. D. Food iron absorption
in human subjccts IV. The cffect of calcium and
phosphorus salts on the absorption of nonheme iron.
Am. J. Clin. Nutr. 29, 1142-1148, 1976.

Gillooly, M.; Bothwell, T. ll.; Torrence, J. D
Macphail A. R.; Demman, D. P.; Bezwoda, W. R.;
Charlion, R. W. and Mayet F. The effects of organic
acids, phytatcs and polyphenols on the absorption of
iron from vegetables. Br. J. Nutr. 49, 331, 1983.

Huebers, I. A.; Hucbers, E.; Csiba E.; Rumcl, W. and
Finch, C. A. The Cadmium cffect of iron absorption.
Am. J. Clin. Nur. 45, 1007-1012, 1987.

Farkas, C. S. and Riche, W. H. Effect of tca and coffece
consumption on nonheme iron absorption. Hum. Nutr.
Clin. Nutr. 41C. 161-163, 1987.

Simpson, K. M.; Moms, E. R. and Cook, J. D. The
inhibitory cffect of bran on iron absorption in man. Am.
J. Clin. Nutr. 34, 1469-1478, 1981.

Macfarlane, J. J.; Bezwoda, W. R.; Bothwell, T. 1L;
Baynes R. D.; Bothwell, J. E.; Macphil. A. P;
Lamparelli, R. D. and Mayet, F, Inhibitory effect of
nuts on iron absorpiton. Am. J. Clin. Nutr. 47, 270-
274, 1988.

Finch, A. C. and Huebers, H. A. Iron mctabolism.
Clin. Physiol. Biochem. 4, 5-10, 1986.

Vahowny, C. V.; Lee, T.; Ifim, L.; Saichithanandam,
S. and Cassidy, M. M. Stimulation of intestinal
cytoknetics and mucin wumover in rats fed with wheat
bran or cellulose. Am. J. Clin. Nutr. 41, 895-900,
1985.

Cook, J. D.; Noble, N. L.; Morck, T. A.; Lynch, S. R.
and Petersberg, S. J. Effcet of fibre on nonheme iron
absorption. Gastroenterol. 85, 1354-1358, 1983.

Charlion. R. W. and Bothwell, T. IL. Iron absorption.
Ann. Rev. Med. 34, 35-68, 1983.

m—~

~





