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Introduction

By providing a critical review of the fortificants that are currently available for
fortification purposes, Part III of these guidelines is intended to assist pro-
gramme managers in their choice of firstly, a suitable food vehicle and secondly,
a compatible fortificant. Having established — through the application of appro-
priate criteria — that the nature of the public health risk posed by a micronutri-
ent deficiency justifies intervention in the form of food fortification, the selection
of a suitable combination of food vehicle and fortificant(s), or more specifically,
the chemical form of the micronutrient(s) that will added to the chosen food
vehicle, is fundamental to any food fortification programme. Subsequent chap-
ters (Part IV) cover other important aspects of food fortification programme
planning, including how to calculate how much fortificant to add to the chosen
food vehicle in order to achieve a predetermined public health benefit (Chapter
7), monitoring and impact evaluation (Chapters 8 and 9), marketing (Chapter
10) and regulatory issues (Chapter 11).

In practice, the selection of a food vehicle—fortificant combination is governed
by range of factors, both technological and regulatory. Foods such as cereals,
oils, dairy products, beverages and various condiments such as salt, sauces (e.g.
soy sauce) and sugar are particularly well suited to mandatory mass fortifica-
tion. These foods share some or all of the following characteristics:

e They are consumed by a large proportion of the population, including (or
especially) the population groups at greatest risk of deficiency.

e They are consumed on a regular basis, in adequate and relatively consistent
amounts.

e They can be centrally processed (central processing is preferable for a
number of reasons, but primarily because the fewer the number of locations
where fortificants are added, the easier it is to implement quality control meas-
ures; monitoring and enforcement procedures are also likely to be more effec-
tive).

e Allow a nutrient premix to be added relatively easily using low-cost technol-
ogy, and in such a way so as to ensure an even distribution within batches of
the product.
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e Are used relatively soon after production and purchase. Foods that are pur-
chased and used within a short period of time of processing tend to have
better vitamin retention, and fewer sensorial changes due to the need for only
a small overage'.

The choice of fortificant compound is often a compromise between reasonable
cost, bioavailability from the diet, and the acceptance of any sensory changes.
When selecting the most appropriate chemical form of a given micronutrient,
the main considerations and concerns are thus:

o Sensory problems. Fortificants must not cause unacceptable sensory problems
(e.g. colour, flavour, odour or texture) at the level of intended fortification,
or segregate out from the food matrix, and they must be stable within given
limits. If additional packaging is needed to improve stability of the added for-
tificant, it is helpful if this does not add significantly to the cost of the product
and make it unaffordable to the consumer.

e Interactions. The likelihood or potential for interactions between the added
micronutrient and the food vehicle, and with other nutrients (either added or
naturally present), in particular any interactions that might interfere with the
metabolic utilization of the fortificant, needs to be assessed and checked prior
to the implementation of a fortification programme.

e Cost. The cost of fortification must not affect the affordability of the food nor
its competitivity with the unfortified alternative.

e Bioavailabiliry. The fortificant must be sufficiently well absorbed from the
food vehicle and be able to improve the micronutrient status of the target
population.

Safety is also an important consideration. The level of consumption that is
required for fortification to be effective must be compatible with a healthy diet.

The following two chapters consider the above factors in relation to specific
micronutrients or micronutrient groups. Chapter 5 deals with iron, vitamin A
and iodine; Chapter 6 covers some of the other micronutrients (such as zinc,
folate and the other B vitamins, vitamin D and calcium) for which the severity
of the public health problem of deficiencies is less well known but is believed to
be significant. The discussion is limited to those fortificants and food vehicles
that currently are the most widely used, or that have potential for wider appli-
cation. Details of publications and articles containing more in-depth informa-
tion about the fortification of foods with specific nutrients are provided in the
attached further reading list.

! Overage is the term used to describe the extra amount of micronutrient that is added to a food
vehicle to compensate for losses during production, storage, distribution and selling.
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CHAPTER 5
Iron, vitamin A and iodine

5.1 Iron
5.1.1 Choice of iron fortificant

"Technically, iron is the most challenging micronutrient to add to foods, because
the iron compounds that have the best bioavailability tend to be those that inter-
act most strongly with food constituents to produce undesirable organoleptic
changes. When selecting a suitable iron compound as a food fortificant, the
overall objective is to find the one that has the greatest absorbability, i.e. the
highest relative bioavailability! (RBV) compared with ferrous sulfate, yet at
the same time does not cause unacceptable changes to the sensory properties
(i.e. taste, colour, texture) of the food vehicle. Cost is usually another important
consideration.

A wide variety of iron compounds are currently used as food fortificants
(Table 5.1). These can be broadly divided into three categories: (224-226)

— water soluble;
— poorly water soluble but soluble in dilute acid;

— water insoluble and poorly soluble in dilute acid.

5.1.1.1 Water-soluble compounds

Being highly soluble in gastric juices, the water-soluble iron compounds have
the highest relative bioavailabilities of all the iron fortificants and for this reason
are, more often than not, the preferred choice. However, these compounds are
also the most likely to have adverse effects on the organoleptic qualities of foods,
in particular, on the colour and flavour. During prolonged storage, the presence
of fortificant iron in certain foods can cause rancidity and subsequent off-
flavours. Moreover, in the case of multiple fortification, free iron, produced from
the degradation of iron compounds present in the food, can oxidize some of the
vitamins supplied in the same fortificant mixture.

! Relative bioavailability is a measure which scores the absorbability of a nutrient by comparing
its absorbability to that of a reference nutrient that is considered as having the most efficient
absorbability.
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TABLE 5.1

Key characteristics of iron compounds commonly used for food fortification
purpose: solubility, bioavailability and cost

Compound Iron content Relative bioavailability® Relative cost®
(%) (per mg iron)
Water soluble
Ferrous sulfate. 7H,0 20 100 1.0
Ferrous sulfate, dried 33 100 1.0
Ferrous gluconate 12 89 6.7
Ferrous lactate 19 67 7.5
Ferrous bisglycinate 20 >100° 17.6
Ferric ammonium citrate 17 51 4.4
Sodium iron EDTA 13 >100° 16.7
Poorly water soluble, soluble in dilute acid
Ferrous fumarate 33 100 2.2
Ferrous succinate 33 92 9.7
Ferric saccharate 10 74 8.1
Water insoluble, poorly soluble in dilute acid
Ferric orthophosphate 29 25-32 4.0
Ferric pyrophosphate 25 21-74 4.7
Elemental iron - - -
H-reduced 96 13-148¢° 0.5
Atomized 96 (24) 0.4
CO-reduced 97 (12-32) <1.0
Electrolytic 97 75 0.8
Carbonyl 99 5-20 2.2
Encapsulated forms
Ferrous sulfate 16 100 10.8
Ferrous fumarate 16 100 17.4

EDTA, ethylenediamineteraacetate; H-reduced, hydrogen reduced; CO-reduced, carbon
monoxide reduced.

@ Relative to hydrated ferrous sulfate (FeSO,.7H,0), in adult humans. Values in parenthesis are

derived from studies in rats.

Relative to dried ferrous sulfate. Per mg of iron, the cost of hydrated and dry ferrous sulfate

is similar.

¢ Absorption is two-three times better than that from ferrous sulfate if the phytate content of

food vehicle is high.

The high value refers to a very small particle size which has only been used in experimental

studies.

b

Sources: adapted from references (224-226), with additional data supplied by P. Lohmann (cost
data) and T. Walczky (ferrous lactate, H-reduced elemental iron).

The water-soluble forms of iron are especially suited to fortifying cereal flours
that have a relatively fast turnover, i.e. one month in warm, humid climates and
up to 3 months in dry, cold climates. Water-soluble iron compounds are also
useful for dry foods, such as pasta and milk powder, as well as dried milk-based
infant formulas. Encapsulated forms, i.e. iron compounds that have been coated
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to physically separate the iron from the other food components, can be used for
slowing down or preventing sensory changes.

Ferrous sulfate is by far the most frequently used water-soluble iron fortifi-
cant, principally because it is the cheapest. It has been widely used to fortify
flour (see section 5.1.5.1). However, depending on its physical characteristics,
the climate and the fat content of the flour to which it is added, ferrous sulfate
can cause rancidity, and therefore its suitability as a fortificant needs to be eval-
uated in trials before use.

5.1.1.2 Iron compounds that are poorly soluble in water but soluble in
dilute acid

Compounds that fall into the second category of iron fortificants (see Table 5.1)
are also reasonably well absorbed from food, as they are soluble in the gastric
acids produced in the stomach of normal healthy adults and adolescents. Some
concern has been raised about absorption in infants who may secrete less acid
but further research is needed in this area before any firm conclusions can be
drawn. In most people, however, with the possible exception of individuals who
suffer from a lack of gastric acid due to medical problems, iron absorption from
these compounds is likely to be similar to that from water-soluble iron com-
pounds. Poorly water-soluble iron compounds, such as ferrous fumarate, have
the advantage of causing fewer sensory problems in foods than the water-soluble
compounds, and are generally next in line for consideration, especially if more
water-soluble forms cause unacceptable organoleptic changes in the chosen food
vehicle.

Ferrous fumarate and ferric saccharate are the most commonly used iron
compounds in this group, and in adults are as bioavailable as ferrous sulfate.
The former is frequently used to fortify infant cereals and the latter, chocolate
drink powders. Ferrous fumarate is used to fortify maize flour in Venezuela and
wheat flour in Central America, where it has also been proposed as a potential
fortificant for maize masa. Ferrous fumarate can be used in an encapsulated
form to limit sensory changes.

5.1.1.3 Iron compounds that are insoluble in water and poorly soluble in
dilute acid

Relative to ferrous sulfate, the absorption of iron from water-insoluble com-
pounds ranges from approximately 20% up to 75%. Despite their reduced
absorbability, water-insoluble iron compounds have been widely used by the
food industry as fortificants because they have far less effect on the sensory
properties of foods (at the levels currently used) and because they are cheaper
than the more soluble compounds. However, they are generally regarded as the
last resort option, especially in settings where the diet of the target population
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is high in iron absorption inhibitors. If it is necessary to use a water-insoluble
iron fortificant, it should ideally have an absorption equivalent to at least 50%
that of ferrous sulfate (as measured in rat or human assays), and twice as much
would need to be added in order to compensate for the reduced absorption
rate.

Within this category of iron fortificants, the ferric phosphate compounds —
ferric orthophosphate and ferric pyrophosphate — are used to fortify rice, and
some infant cereals and chocolate-containing foods. They have a modest iron
bioavailability: the relative bioavailability of ferric pyrophosphate is reported to
be 21-74%, and that of ferric orthophosphate, 25-32%. However, the relative
bioavailability of the ferric phosphates may change during the processing of a
food (227,228).

Elemental iron powders are used in a number of countries to fortify cereals,
but the bioavailabilities of the different forms of elemental iron that are currently
available (Table 5.1) are not well established (229). The solubility of elemental
iron is very dependent on the size, shape and surface area of the iron particles
(characteristics which are governed by the manufacturing process'), as well as
the composition of the meals in which it is consumed.

According to the conclusions of the Sharing United States Technology to Aid
Improvement of Nutrition (SUSTAIN) Task Force, only electrolytic iron
powders (diameter <45 microns or 325 mesh) have been proven to be suffi-
ciently bioavailable to humans (229). At the time of the meeting of the Task
Force, the only electrolytic iron powders to have been tested were those manu-
factured by OMG Americas under the trade name “Glidden 131”2, More recent
data indicate that carbonyl iron and some hydrogen-reduced (H-reduced) iron
powders have comparable bioavailability to electrolytic iron. Atomized iron and
carbon monoxide-reduced (CO-reduced) iron are not recommended at the
present time because of their lower bioavailability. (Atomized iron is a reduced-
iron powder that has been processed by striking a stream of molten iron with
high-pressure water jets.) Elemental iron with a large particle size (diameter
>149 microns or 100 mesh) is probably too insoluble in the intestine and is
therefore not generally recommended for use as a food fortificant. Further
testing of the bioavailability of various elemental iron powders is ongoing (42).

5.1.2 Methods used to increase the amount of iron absorbed
from fortificants

The bioavailability of iron from fortificants is dependent not only on the solu-
bility of the fortificant as discussed above, but also on the composition of the

! For more details, please refer to the Handbook of powder metal technologies and applications (230).
2 At the time of writing, Glidden 131 was still available.
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diet, in particular, on the proportion of inhibitors of iron absorption in the diet,
notably iron-binding phytates and certain phenolic compounds. The addition of
ascorbic acid (vitamin C) or sodium ethylenediaminetetraacetic acid (sodium
EDTA or Na,EDTA) and the removal of phytates, all of which reduce the effect
of the inhibitors, can be effective ways of increasing the total amount of iron
absorbed from iron-fortified foods.

5.1.2.1 Ascorbic acid

The addition of ascorbic acid causes a substantial increase in the amount of iron
absorbed from most iron compounds (40,224). Ascorbic acid addition to iron-
fortified foods is thus a widely adopted practice throughout the food industry,
especially for processed foods. This option is, however, not recommended for
staples and condiments because of stability issues (see section 5.1.5.1). For
example, Chile fortifies milk powder delivered through its public health pro-
gramme with both iron and ascorbic acid (as well as some other micronutrients)
to control anaemia in infants and young children.

In most studies, the co-addition of ascorbic acid and iron in a 2: 1 molar ratio
(6:1 weight ratio) increased iron absorption from foods 2- to 3-fold in adults
and children (224). This ratio of ascorbic acid to iron is thus recommended for
most foods; a higher ascorbic acid:iron molar ratio (4:1) can be used for high-
phytate foods. The main problem with using ascorbic acid as a food additive
is that substantial amounts can be lost during food storage and preparation.
This means that, relative to some of the alternatives, it can be an expensive
option.

5.1.2.2 Sodium EDTA

Sodium EDTA is a permitted food additive in many countries, and unlike ascor-
bic acid, is stable during processing and storage. At low pH (i.e. in the stomach),
sodium EDTA acts as a chelating agent, and as such prevents iron from binding
to phytic acid or phenolic compounds, which would otherwise inhibit iron
absorption (231). Its addition enhances the absorption of both food iron and
soluble iron fortificants (232), but not that of the relatively insoluble iron com-
pounds such as ferrous fumarate (233), ferric pyrophosphate (232) or elemen-
tal iron (234).

In the case of foods fortified with soluble iron compounds, such as ferrous
sulfate, the addition of sodium EDTA in a molar ratio of Na,EDTA:iron of
between 0.5 and 1.0 (between 3.3:1 and 6.6:1 weight ratio) is recommended.
Under these circumstances iron absorption is increased by up to 2-3 times
(224).
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5.1.2.3 Dephytinize cereals and legumes

The phytic acid content of cereals, pulses and legumes can be substantially
reduced by several methods (224), some of which are particularly suitable for
ensuring adequate iron absorption from cereal-based complementary foods or
soy-based infant formulas. However, the molar ratio of phytic acid:iron needs
to be decreased to at least 1:1, or even to less than 0.5:1, in order to achieve a
meaningful increase in iron absorption.

Milling removes about 90% of the phytic acid from cereal grains, but the
remaining 10% is still strongly inhibitory. The action of phytases (enzymes) is
usually necessary in order to achieve complete phytate degradation. Naturally-
occurring cereal phytases can be activated by traditional processes, such as
soaking, germination and fermentation. At the industrial level, it is possible to
completely degrade phytic acid in complementary food mixtures of cereals and
legumes by adding exogenous phytases or by adding whole wheat or whole rye
as a source of phytases, these being naturally high in phytases (224,235-237).
Because of the risk of bacterial contamination, it is better to add the phytases
under factory conditions, but as yet, this practice has not been adopted
commercially.

5.1.3 Novel iron fortificants

In recent years, considerable effort has been devoted to the development and
testing of alternative iron fortificants, in particular, fortificants that provide better
protection against iron absorption inhibitors than those currently available.
Among those at an experimental stage are sodium iron EDTA (NaFeEDTA),
ferrous bisglycinate and various encapsulated and micronized iron compounds.
In recent years, NaFeEDTA has been selected as the iron compound to fortify
government-led soy sauce fortification and wheat flour fortification programs in
China, and fish sauce fortification in Vietnam.

5.1.3.1 Sodium iron EDTA

In high-phytate foods, the absorption of iron from NaFeEDTA is 2-3 times
greater than that from either ferrous sulfate or ferrous fumarate. In foods with
a low phytate content, however, iron absorption is similar (237,232). In addi-
tion to better absorption from high-phytate fortified foods, NaFeEDTA offers
a number of other advantages: it does not promote lipid oxidation in stored
cereals, or the formation of precipitates in foods that are high in free peptides,
such as soy sauce and fish sauce. On the down side, it is expensive, and because
it is slowly soluble in water, it may cause colour changes in some foods.

The Joint FAO/WHO Expert Committee on Food Additives has approved
the use of NaFeEDTA at 0.2mgFe/kg body weight per day (238). Neverthe-
less, the use of Na,EDTA plus ferrous sulfate (or possibly other soluble iron
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compounds) rather than NaFeEDTA might yet prove to be the better option
for high-phytate foods. In most settings, the choice will depend on the relative
costs of, and accessibility to, the EDTA compounds, the acceptability of sensory
changes in the food, and current legislation.

5.1.3.2 Ferrous bisglycinate

Ferrous bisglycinate is an iron—amino acid chelate in which the iron is protected
from the action of absorption inhibitors by being bound to the amino acid,
glycine. Absorption from this form of iron has been reported to be 2-3 times
better than that from ferrous sulfate in a high-phytate cereal and in whole maize.
In contrast, a closely-related compound, ferric trisglycinate, is not well absorbed
from maize (239,240).

Ferrous bisglycinate seems to be particularly well suited to the fortification of
liquid whole milk and other dairy products where use of ferrous sulfate leads to
rancid off-flavours. However, ferrous bisglycinate can also cause rancidity by
oxidizing fats in food, which can be a problem in cereal flours and weaning
cereals unless an antioxidant is added as well. Furthermore, the bisglycinate is
much more expensive than many other iron compounds.

5.1.3.3 Encapsulated ferrous sulfate and ferrous fumarate

Several iron compounds are available commercially in encapsulated form,
namely ferrous sulfate and ferrous fumarate, and are currently used in dry infant
formulas and in infant cereals, predominantly in industrialized countries. In
future, use of encapsulated forms of iron compounds may extend to develop-
ing countries, although their cost may be a problem. Encapsulation increases
costs 3- to 5-fold, which when expressed in terms of iron amounts, is equiva-
lent to a 10-fold increase in cost relative to the use of dried ferrous sulfate
(Table 5.1).

As previously indicated, the main purpose of encapsulation is to separate the
iron from the other food components, thereby mitigating sensory changes. In
double fortified salt (i.e. salt fortified with iodine and iron), encapsulation of
iron has been shown to help prevent iodine losses and to slow down colour
changes.

When developing encapsulated iron fortificants, it is important to select a
coating that provides an adequate balance between stability and bioavailability.
Iron compounds are usually encapsulated with hydrogenated vegetable oils, but
mono- and diglycerides, maltodextrins and ethyl cellulose, have also been used.
Because of the different methods of manufacture, and because different capsule
materials and thicknesses are possible, it is imperative to confirm bioavailability,
at least in rat assays, before widespread use as a fortificant. Tests have shown
that encapsulation of ferrous sulfate and ferrous fumarate does not alter iron
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bioavailability to rats. In addition, dual fortification of salt with encapsulated iron
has been found to be efficacious in humans (see section 1.3.2.3) (44).

5.1.3.4 Micronized ferric pyrophosphate

Just as the bioavailability of elemental iron powders is increased by reducing
their particle size, so too can that of insoluble iron salts, such as ferric pyrophos-
phate. Micronizing insoluble iron salts to an extremely small submicron parti-
cle size cannot, however, be achieved by physical grinding, only by a chemical
process.

A micronized form of ferric pyrophosphate (diameter, 0.5 microns) has been
developed recently for use as a food fortificant. It is available in both liquid and
dried forms. In order to make it dispersible in liquids, the particles of ferric
pyrophosphate are coated with emulsifiers. Relative to ordinary ferric pyrophos-
phate (mean particle size of around 8 microns), iron absorption by adult humans
is improved by 2—4 four times in milk products (241). Its principal advantage
is that, being insoluble in water, it is unlikely to cause many sensory problems,
although this remains to be tested adequately. Currently it is added to liquid milk
and yoghurt products in Japan, but its more widespread use in the foreseeable
future is prohibited by its very high cost.

5.1.4 Sensory changes

In the case of iron fortificants, the two most common problems are increased
rancidity due to oxidation of unsaturated lipids and unwanted colour changes.
The latter typically include a green or bluish colouration in cereals, a greying of
chocolate and cocoa, and darkening of salt to yellow or red/brown.

Sensory changes are highly variable and not always predictable. Just because
an iron fortificant does not cause adverse sensory changes to a food product in
one situation, does not necessarily mean that the same fortificant will not cause
a problem with the same food product in another situation. Thus, having selected
a potential iron fortificant, it is essential that its effects on the sensory proper-
ties of the food to which it is to be added are determined prior to use.

5.1.5 Experience with iron fortification of specific foods

Iron fortification is already widely practised in many parts of the world. For
example, more than 20 countries in Latin America have implemented mass iron
fortification programmes, most of which involve the fortification of wheat or
maize flours (237). Elsewhere, other frequently used food vehicles include
cereal-based complementary foods, fish sauce, soy sauce and milk. Salt has also
been fortified with iron in efficacy trials. Products derived from cereal flours
(e.g. bread, cereal snacks and breakfast cereals) are also useful food vehicles, but
the amount of iron provided via this route will depend on the quantity of food
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Suggested iron fortificants for specific food vehicles

Food vehicle

Fortificant

Low extraction (white) wheat
flour or degermed corn
flour

High extraction wheat flour,
corn flour, corn masa flour

Pasta

Rice®

Dry milk

Fluid milk
Cocoa products

Salt®

Sugar®
Soy sauce, fish sauce

Juice, soft drinks
Bouillon cubes®

Cereal-based
complementary foods®

Breakfast cereals

Dry ferrous sulfate

Ferrous fumarate

Electrolytic iron (x2 amount)
Encapsulated ferrous sulfate
Encapsulated ferrous fumarate

Sodium iron EDTA

Ferrous fumarate (x2 amount)
Encapsulated ferrous sulfate (x2 amount)
Encapsulated ferrous fumarate (x2 amount)
Dry ferrous sulfate

Ferric pyrophosphate (x2 amount)
Ferrous sulfate plus ascorbic acid

Ferric ammonium citrate

Ferrous bisglycinate

Micronized ferric pyrophosphate

Ferrous fumarate plus ascorbic acid
Ferric pyrophosphate (x2 amount) plus ascorbic acid
Encapsulated ferrous sulfate

Ferric pyrophosphate (x2 amount)
Sodium iron EDTA

Sodium iron EDTA

Ferrous sulfate plus citric acid

Ferrous bisglycinate, ferrous lactate
Micronized ferric pyrophosphate
Micronized ferric pyrophosphate

Ferrous sulfate

Encapsulated ferrous sulfate

Ferrous fumarate

Electrolytic iron (x2 amount)

All with ascorbic acid (=2:1 molar ratio of ascorbic acid: Fe)
Electrolytic iron (x2 amount)

EDTA ethylenediaminetetraacetic acid.
Technical problems, specifically sensory changes and/or segregation, still exist with the iron
fortification of these food vehicles.

Recent evidence has indicated that infants may only absorb ferrous fumarate 25% as well as

adults, so concentrations of poorly soluble iron compounds in complementary foods may
need to be adjusted to allow for this.

eaten and on the level of fortification. Iron compounds suitable for the fortifi-
cation of specific food vehicles are listed in Table 5.2.

5.1.5.1 Wheat flour

The nutritional usefulness of iron fortification of wheat flour has recently been
confirmed in an efficacy study in Thailand (242). In that study the relative
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efficacy of electrolytic iron as compared to ferrous sulfate was about 70% in
women consuming fortified wheat flour cookies, compared to 50% for H-
reduced iron. Based on this evidence, adding double the amount of electrolytic
iron or H-reduced iron as compared to ferrous sulfate, should give an equiva-
lent efficacy to ferrous sulfate.

Ferrous sulfate and elemental iron powders have traditionally been used to
fortify wheat and other cereal flours. Electrolytic iron remains the preferred
elemental iron fortificant, however H-reduced iron could also be considered. In
addition, recent evidence from rat studies suggests that carbonyl iron may be as
good as electrolytic iron as a fortificant, however human efficacy studies are still
necessary to confirm this.

Although ferrous sulfate has been successfully used for many years in Chile
(where fortified flour is consumed within 6—8 weeks of purchase), and ferrous
fumarate has been employed in Venezuela and throughout Central America, in
other countries the addition of these iron compounds to wheat flours has caused
rancidity. This problem could be overcome by using encapsulated forms to
improve stability. Ferrous sulfate, and to a lesser extent ferrous fumarate, are
also suitable fortificants for pasta, which, because of its low moisture content, is
less susceptible than wheat flour to the development of rancidity.

Although potentially useful for some high-phytate flours, NaFeEDTA has not
been used widely in any large-scale iron fortification programmes because of
reports that it interferes with the bread fermentation process (243). However,
China is currently introducing NaFeEDTA to fortify wheat in several provinces,
and so far there have been no recorded problems. Although ascorbic acid is often
added to iron-fortified foods in order to enhance absorption (see section 5.1.2.1),
its usefulness in this respect in bread flours is limited by the fact that it is
destroyed by the action of heat during baking. Ascorbic acid is nevertheless fre-
quently added to flours, not so much to enhance iron absorption, but rather as
a raising agent.

In its guidelines on iron fortification of cereal-based staples, the SUSTAIN
Task Force (42) recommended the use of ferrous sulfate in preference, followed
by ferrous fumarate, and lastly electrolytic iron (but at twice the iron concen-
tration of the other iron compounds). In order to ensure the successful fortifi-
cation of wheat flour and wheat flour products, it may be necessary for individual
countries to adopt different strategies to take account of differences in climate,
wheat flour quality, processing methods and storage conditions, as well as dif-
ferences in the main uses of flour (i.e. to make bread or other foods).

5.1.5.2 Maize

In general, maize flours are equally, if not more difficult, to fortify with iron than
wheat flours. Lime-treated (nixtamalized) corn masa, a staple used to make
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tortillas in much of Latin America, goes rancid when soluble iron compounds,
such as ferrous sulfate, are added to it. Further colour and texture changes occur
during the preparation of tortillas. The difficulties are further compounded by
the fact that iron absorption from corn masa is strongly inhibited by its high
phytate and high calcium content. For these reasons, iron fortification of maize
flours has not been widely adopted, except in a number of Latin American coun-
tries where the consumption of maize is high. In Venezuela, for example, ferrous
fumarate mixed with elemental iron is used to fortify maize flours.

In view of its highly inhibitory nature (especially if it is not degermed), the
Pan American Health Organization (PAHO) recently recommended the use of
either NaFeEDTA or ferrous fumarate (at twice the amount) for maize flour
fortification (237). These recommendations have yet to be put into practice.
Whether or not they are appropriate for maize meal that is used to prepare por-
ridge also needs to be evaluated. For maize flours that are not high in phytic
acid (e.g. degermed) and are not lime-treated, the same iron compounds as those
recommended for the fortification of white wheat flour can be considered (237).

5.1.5.3 Cereal-based complementary foods

Complementary foods (i.e. foods intended for infants during the weaning
period) are usually based on dry cereals and consumed as a porridge or gruel
with milk or water. Alternatively, they are based on blends of cereals and
legumes, which again can be made into a porridge or gruel with water. The addi-
tion of ferrous sulfate, ferrous bisglycinate and other soluble iron compounds to
these products can cause rancidity, and sometimes colour changes as well, par-
ticularly if the porridges are fed with fruits. To overcome such problems, one
option would be to use encapsulated forms, such as ferrous sulfate. Although
encapsulation helps to prevent fat oxidation during storage, the capsule is
removed by hot milk or water, and off-colours may still develop in the presence
of some fruits and vegetables.

Another option is to use a less soluble iron fortificant, such as ferrous
fumarate or electrolytic iron (but at a higher concentration), both of which are
commonly used to fortify complementary foods. Ferric pyrophosphate is
another possibility, although it is rarely used in practice. If ferric pyrophosphate
were to be used to fortify complementary foods, it too should be added at twice
the concentration (relative to ferrous sulfate). Recent evidence has indicated that
ferrous fumarate may be less well absorbed in children than in adults (absorp-
tion of iron from ferrous fumarate by children may only be 25% of that by adults)
and so its use as a fortificant, or at least its level of addition, may need to be
re-evaluated (244).

In order to enhance iron absorption, ascorbic acid is usually added together
with the iron compound to complementary foods whenever possible (see section
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5.1.2.1). Ideally, ascorbic acid and iron should be added in at least a 2:1 molar
ratio (ascorbic acid:iron). Dry complementary foods should also be packaged
in such as way as to minimize ascorbic acid degradation during storage. As
described above (see section 5.1.2.3), another useful way of optimizing iron
absorption from cereal-based foods is to degrade any phytic acid present with
naturally-occurring cereal phytases (i.e. activate those already in the food by
soaking, germinating or fermenting) or by adding microbial phytases during
manufacture. However, the addition of phytases to processed foods has yet to
be attempted on a commercial scale.

5.1.5.4 Dairy products

Dried whole milk powders and dried or ready-to-feed milk-based infant for-
mulas can be successfully fortified with ferrous sulfate (together with ascorbic
acid to enhance absorption). In Chile, for example, ascorbic acid (700 mg/kg)
and iron (100mg as ferrous sulfate/kg) are routinely added to dried milk
powders consumed by infants. In the case of soy formulas, it has been found
necessary to use ferrous sulfate encapsulated with maltodextrin in order to
prevent unwanted colour changes (i.e. darkening).

Ferrous sulfate, and many other soluble iron compounds, cannot be used to
fortify liquid whole milk and other dairy products because they cause rancidity
and off-flavours. Ferric ammonium citrate (245), ferrous bisglycinate and
micronized ferric pyrophosphate are generally more suitable for this purpose.
Iron fortificants are best added after the milk has been homogenized and the fat
internalized in micelles, so as to help protect against oxidation. Ferrous bisgly-
cinate is widely used to fortify whole milk and dairy products in Brazil and Italy;
micronized ferric pyrophosphate is added to dairy products in Japan (see also
section 5.1.3.4).

5.1.5.5 Rice

The fortification of rice grains presents a number of technical challenges. It can
be achieved, as is done in the United States, by coating the grain with an appro-
priate formulation. Alternatively, a rice-based extruded grain that contains a
high concentration of iron can be mixed with normal rice grains (usually at a
ratio of 1:200). Ferric pyrophosphate, added at a two-fold higher level, and
micronized, ferric pyrophosphate (0.5 micron) have recently been recom-
mended for adding to extruded artificial rice grains (246).

Technical difficulties, combined with cultural preferences for specific types of
rice, mean that mass fortification of rice, although desirable, remains problem-
atic. The fact that in most of the big rice-producing countries, production takes
place in thousands of small mills, also creates problems for mass rice fortifica-
tion. Not only are smaller mills sensitive to small increases in costs, the sheer
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number of them makes it difficult to maintain adequate quality control pro-
grammes. Although the extruded grains have found some application in targeted
food fortification programmes, such as school feeding programmes, much more
research and development is required before mass rice fortification programmes
can be implemented on a wider scale.

5.1.5.6 Cocoa products

As cocoa is naturally high in phenolic compounds, the addition of ferrous sulfate
and other water-soluble iron compounds tends to cause colour changes in
cocoa-based products (247). Ferrous fumarate is a useful alternative for some
products, but grey or blue/grey colours are still a problem for chocolate drinks,
especially if boiling water is used to make up the drink (227). Furthermore, the
currently available encapsulated iron compounds are not useful for chocolate
drink fortification as the capsules are removed by heat either during product
manufacture or during preparation of the drink.

Ferric pyrophosphate, ferric saccharate or ferric orthophosphate are usually
used to fortify cocoa products as these tend to produce fewer off-colours.
However, relative to ferrous sulfate, larger amounts of these iron compounds
would need to be added to allow for their lower absorption. Ascorbic acid addi-
tion is also required (in at least a 2: 1 molar ratio) in order to offset the inhibitory
effects of cocoa phenolics on iron absorption (227,248).

5.1.5.7 Soy sauce and fish sauce

Sodium iron EDTA has proved to be a useful fortificant for both fish sauce and
soy sauce (see also section 1.3.1). Studies have demonstrated that absorption of
iron by human subjects fed NaFeEDTA-fortified fish or soy sauce added to rice
meals is similar to that from the same meals to which ferrous sulfate-fortified
sauces had been added (249). The iron status of iron-deficient Vietnamese
women improved significantly following regular intakes of NaFeEDTA-fortified
fish sauce over a period of 6 months (28) (see also section 1.3.1.1). Similarly, in
trials conducted in China, NaFeEDTA soy sauce, providing 20 mg iron per day,
significantly improved the iron status of anaemic adolescents (250). Large-scale
effectiveness studies of soy sauce fortification with NaFeEDTA are currently
underway in both Viet Nam and China.

Until very recently, NaFeEDTA has been the preferred iron fortificant
for soy and fish sauces because most of the potential alternatives (i.e. other
soluble iron compounds) cause peptide precipitation during storage. However,
latterly ferrous sulfate stabilized with citric acid has been successfully used to
fortify fish sauce in Thailand, and may offer a less expensive alternative to
NaFeEDTA.
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5.1.5.8 Salt

The success of salt iodization programmes (see section 5.3.2.1) has led several
countries to consider using salt as a vehicle for iron fortification. In practice, this
means the double fortification of salt, i.e. with iron and iodine. Promising
approaches that are already being tested include the addition of encapsulated
ferrous fumarate, encapsulated ferrous