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Summary

This article presents data on the fortification of foods, necessary as an important public health approach

for the success in reducing anemia. The use of food vehicles, iron salts and their costs, as well as recent

work on iron fortification of foods in Brazil are reviewed. Recent research serves as a cornerstone for
countries that attempt to implement permanent, long-lasting iron fortification programs aimed at the

prevention of anemia considering cultural habits, type of iron salts and at-risk groups.
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Introduction

The fortification of foods consists in the addition of
complementary nutrients to foods in natura. The
objective of iron food fortification programs is to
increase the dietary iron in foods to prevent and con-
trol iron deficiency in at-risk groups [1]. The fortifi-
cation of foods with iron is a preferred strategy
advocated by the World Health Organization. Iron
added to foods has been shown to be the most effi-
cient options to control iron deficiency, and studies
have shown improvements over a period of 1–3
months in people suffering from this deficiency [2].
Once foods are enriched with micronutrients, such as
iron, large, at-risk populations will be reached over
long periods without the need of effective individual
cooperation [3, 4].
In Latin America, food fortification is widely prac-

ticed and can be classified into three program types:
mandatory fortification of foods commonly con-
sumed in large parts by the population, such as
wheat flour and corn meal; fortification targeting
specific groups as in the example of foods consumed
by infant and children populations, in this case
cereal, powdered milk, biscuits and other industria-
lized foods; and voluntary fortification, in which the
food industry adds iron and other micronutrients to
industrialized foods [5]. The magnitude of anemia in
Brazil represents a serious public health problem,
especially because the short-and long-term effects
that anemia can produce on growth in at-risk

groups. In this article, this issue was discussed as a
Brazilian experience to control and reduce anemia in
childhood.

Iron Fortification of Foods in Brazil

In 2001, the Ministry of Health made it mandatory
the addition of iron [30% Recommended Nutritional
Intake (RNI) or 4.2mg per 100 g] and folic acid (70%
RNI or 150 mg) to milled wheat and corn flour.
Federal law now dictates mandatory fortification of
iron instead of voluntary fortification by the grain
industry. This measure has as its core objective of
increasing the accessibility of milled cereal grains
with iron and folic acid, consumed by the Brazilian
population to reduce the prevalence of iron defi-
ciency and neural tube defects in Brazil [6].
However, iron-fortified wheat flour is not always

available or it is consumed in small quantities to be
affective by poor children 6–60 months of age [7].
Fortification of specific foods, as part of a comple-
mentary diet, has shown to be more effective
for the control and prevention of iron deficiency
among infants [8]. In addition, and according to
Hurrell [9], it is likely that the low levels of elemental
iron (40mg kg�1) added to wheat flour would
have little impact on iron nutrition, but the much
higher levels added to commercial infant cereals
(200–550mgkg�1) together with vitamin C, could
contribute substantially to the prevention of iron
deficiency anemia.
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Studies in this country on iron fortification of
foods, over the last 20 years, have shown promising
results in the control and prevention of iron defi-
ciency and anemia in infant and child populations.
Unfortunately, only a small number of efficacy and
effectiveness trails of iron fortification of foods and
liquids conducted in Brazil have been published.
Researchers have used various types of food vehicles
as well as different iron compounds in attempt to
reduce nutritional deficiency, particularly iron defi-
ciency. Table 1 presents a summary of 14 major stu-
dies on fortification of foods that have demonstrated
positive results in combating iron deficiency or iron
deficiency anemia in the Brazilian child population.

Fortification of Milk

Cow’s milk presents a small concentration and low
bioavailability of iron, and consumption of excessive
amounts of fresh or pasteurized cow’s milk may be
associated with occult intestinal blood loss during
infancy, which may also contribute toward increasing
the occurrence of anemia in infancy [10]. The fre-
quent use of cow’s milk in Latin America, including
Brazil, during infancy, and iron fortification of this
vehicle is an inexpensive alternative to increasing iron
levels in children [11].

Torres et al. [11] observed a decrease of 45.8 and
54.8% on anemia prevalence in children in municipal
day-care facilities and at public health, respectively,
after using powdered whole milk fortified with 9mg
of iron and 65mg of vitamin C per 100 g of powdered
milk, during 6 months. In another study, Torres et al.
[12] observed that the use of pasteurized cow’s milk
fortified with iron–amino acid chelate reduced the
anemia prevalence in 239 children (6–42 months of
age), from 62.3% to 41.8% and 26.4% after
6 months and 1-year of study, respectively. In another

study that aimed to evaluate iron fortification of
infant formula, Ferreira [13] observed an increase
from 10.6 g dl�1to 11.3 g dl�1 on mean hemoglobin
(Hb) levels of an experimental group (68 infants),
which received fortified iron milk formula (1.8mg
ferrous sulfate per 200 ml) during 6 months, in con-
trast with a control group (43 infants) that received
milk formula (0.7mg iron per 200 ml), resulting in a
decrease from 10.6 g dl�1 to 10.1 g dl�1 on mean Hb
levels.

Iron Fortification of Biscuits and Bread Rolls

Some studies were conducted on the effect of bovine
Hb-fortified cookies on the Hb levels of 16
iron-deficient preschool children in northeast Brazil
[14]. Each child was offered five cookies per day con-
taining 1.25mg of iron over 3 months as part of their
normal school meal program. An evaluation of the
total nutrients offered to the children showed an iron
intake of just 4.0mg day�1. Baseline mean Hb was
9.4� 2.6 g dl�1, and at 3 months, mean Hb increased
to 13.2� 0.2 g dl�1. Initial anemia prevalence was
73% and it disappeared at 3 months post-
intervention. With the addition of bovine
Hb-fortified cookies to the children’s diet, total iron
intake increased to an average of 8.3mg (83% of iron
Recommended Daily Allowance) at a total cost of
US$ 0.50 per child, with no measurable side effects
or taste alterations reported.
In a study using iron bis-glycinate chelate, Giorgini

et al. [15] evaluated 89 preschool children during
6 months. Children received two sweet rolls, twice
daily, each one fortified with 2mg iron bis-glycinate
(4mg day�1) 5 days a week. At baseline, 28% of the
children had Hb levels <11.0 g dl�1, and at 6 months
9% of the children persisted anaemic. Mean Hb at
baseline was 11.5 g dl�1 and, at end, 12.6 g dl�1.

TABLE 1
Summary of studies of iron fortification in Brazil

References Fortification

vehicle

Iron compound Relative change (%) Intervention

duration (months)

Torres et al. (1995) Powdered milk Ferrous sulfateþ vitamin C 66.4–20.6 (day care);

72.8–18 (health clinic)

6

Torres et al. (1996) Milk Ferrous bis-glycinate 62.3–26.4 12

Ferreira (2000) Milk Ferrous sulfateþ vitamin C 63.2–33.8 6

Nogueira et al. (1992) Biscuits Bovine Hb 75–0 3

Fisberg et al. (1998b) Biscuits and rolls Ferrous bis-glycinate 32–11 2

Giorgini et al. (2001) Sweet rolls Ferrous bis-glycinate 62–22 6

Dutra de Oliveira et al. (1994) Drinking water Ferrous sulfate 58–3 8

De Almeida et al. (2005) Drinking water Ferrous sulfateþ ascorbic acid 45.9–31.1 6

Beinner et al. (2005) Drinking water Ferrous sulfateþ vitamin C 43.2–21 8

De Paula and Fisberg (2001) Sugar Ferrous tris-glycinate 38.1–19.7 (group 1);

29.4–19.6 (group 2)

6

Tuma et al. (2003) Manioca flour Ferrous bis-glycinate 22.7–8 4

Fisberg et al. (2003) Bean flour Ferric pyrophosphate 13–0 4

Almeida et al. (2003) Orange juice Ferrous sulfate 60–20 4
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Iron Fortification of Potable Drinking Water

The addition of iron to potable drinking water is one
alternative to the control and prevention of iron defi-
ciency and anemia. This rather simple method can
reach a large part of the Brazilian population at
each level of the social-economic stratum by the use
of drinking water on a daily basis. Drinking water,
other than used for drinking, is commonly used for
preparation of foods, which may contribute even
more towards increasing iron ingestion [16].
Dutra de Oliveira et al. [17] evaluated 31 preschool

children aged 2–6 years enrolled in day-care facilities
in Ribeirao Preto, Sao Paulo. During 8 months, chil-
dren consumed iron-fortified drinking water (20mg
iron per l) which resulted in a significant decrease in
the prevalence of anemia. At baseline, anemia prev-
alence was diagnosed in 58% of subjects; at
4 months, 16% continued anemic, and finally, at
8-months post-study intervention, anemia virtually
significantly reduced; anemia was present in only
3% of subjects. Mean Hb levels at baseline
(10.6� 1.1 g dl�1) increased significantly to
12.1� 1.4 g dl�1 at 4 months and 13� 1.1 g dl�1 at
the end of study.
De Almeida et al. [18] conducted a study on 150

children frequenting six day-care centers, in the city
of Monte Alto, southeast of Brazil, divided into two
groups by drawing lots: Iron-C group (3 day-care
centers, n¼ 74) which used water fortified with
10mg elemental iron and 100mg ascorbic acid per
liter, and comparison group (3 day-care centers,
n¼ 76) which used water containing only 100mg
ascorbic acid per liter. A fall in the prevalence of
anemia and an increase in mean Hb levels associated
with height gain were observed in both groups. This
study showed that an increased iron supply by forti-
fication of drinking water is a quite simple strategy
of previously demonstrated effectiveness. Also, this
study demonstrated that for populations receiving
an abundant supply of non-heme iron it is possible
to control anemia in a quite simple, safe and inex-
pensive manner by adding only ascorbic acid to
drinking water.
In another study, 160 preschool children from

eight municipal day-care facilities benefited from
daily consumption of iron (12 g element iron per l)
plus ascorbic acid (90mg l�1) prepared in 20-l plastic
water jugs [19]. Mean Hb at baseline and after 8
months of intervention increased significantly from
11.8� 1.3 g dl�1 to 12.4� 0.93 g dl�1, respectively.
The prevalence of iron deficiency determined by Hb
levels decreased from 43.2% to 21% at 8 months
post-intervention. Fundamentally important to the
success of this study was education of the targeted
population, which resulted in behavior change and a
greater awareness of the importance of combating
iron deficiency and anemia by the use of
iron-fortified drinking water.

Other Food Options Fortification

In ongoing studies with iron fortification of foods,
De Almeida et al. [20] evaluated iron fortification
of orange juice, rich in vitamin C, which greatly
facilitates iron absorption [21]. After 4 months
twice-daily consumption of orange juice with iron
(10mg ferrous sulfate per 100 ml of concentrated
orange juice), anemia prevalence of 50 preschool chil-
dren decreased from 60% to 20% and mean Hb level
increased from 10.5� 1.7 g dl�1 to 11.6� 1.1 g dl�1

(P¼ 0.00). In another study, De Paula and
Fisberg [22] compared the use of fortified sugar
added to orange juice offered to two groups of
preschool children during 6 months. The anemia
prevalence in both groups decreased 18.4 and 9.8%
for an ingestion of 10 and 100mg of iron per kg of
sugar, respectively.
Tuma et al. [4] studied the impact of cassava flour

enriched with ferrous bis-glycinate in 80 preschool
children enrolled in a philanthropic institution in
the city of Manaus, where mandioca flour is widely
consumed. Anemia prevalence decreased significantly
from 22.7 to 8% after 4 months of intervention
(P< 0.05). In the southeastern region of Brazil,
another study demonstrated a significant reduction
in the prevalence of anemia in 85 children, 2–5
years of age, which was 13% at baseline and had
disappeared in subjects who had received iron-
fortified bean flour [23] during 4 months.
Unfortunately, milled bean flour represents a greater
cost burden and, in addition, is not widely consumed
throughout Brazil.

Conclusion

The high prevalence of iron deficiency and anemia in
infancy in most regions of Brazil have called atten-
tion to an inadequate nutrition, making this a serious
public health problem, leading to eventual losses in
terms of future growth and productivity at all stages
of human development. State and federal govern-
mental health agencies must move forward to prior-
itize national nutrition agenda that will draft
mandatory fortification of food staples for mass con-
sumption. Commitment is urgently needed for pro-
gram duplication and upscaling of the above
summarized experiences of fortification of food and
liquids with iron, if developmental and cognitive
losses to children are to be avoided in future
generations.
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[Impact of cassava flour fortified with iron amino acid
chelate on the hemoglobin level in pre-schools]. Rev
Nutr 2003;16:29–39.

5. Pan American Health Organization. Iron compounds
for food fortification: guidelines for Latin America
and the Caribbean 2002. Nutr Rev 2002;60(7 Suppl 1):
50–61.

6. Agência Nacional de Vigilância Sanitária. Ferro e ácido
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