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Introduction
Micronutrient deficiency during early childhood may be related to a series
of factors including inadequate stores accumulated during the fetal period,
low intake from maternal breast milk, early abandonment of breast-feeding,
increased losses due to infections and inadequate micronutrient intake from
complementary foods (foods taken in addition to breast milk from ⬃6 months
until the child eats from the family diet, ⬃24 months). Current guidelines
recognize that, while in most settings full breast-feeding is adequate to meet
nutrient requirements for the first 6 months of life, the appropriateness of
complementary feeding practices from 6 to 24 months is a major concern in
many developing countries [1], especially micronutrient density (micronutrient content/100 kcal) and frequency of feeding due to small gastric
capacity.
Assuming an average breast-milk intake, almost all iron and zinc, 5–30%
of vitamin A, and 50–80% of thiamin, riboflavin and calcium must be supplied
by complementary foods [2]. Very little or no vitamin B6, B12 and folate are
needed from complementary foods because of their higher concentration
in breast milk. In settings where women do not breast-feed for extended
periods, breast milk intake is low or breast-feeding women are deficient in
these vitamins, the proportion provided by complementary foods should
increase.
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Micronutrients Most Likely to Be Inadequate
in Complementary Foods
The density of many micronutrients, including zinc, iron, calcium, vitamin A,
and vitamin B12 is low in foods of plant origin, typically used as the basis of
complementary feeding in developing countries [2]. Dietary factors that
inhibit absorption of some nutrients (phytates, polyphenols and dietary fiber)
tend to be high [3] particularly in maize and legumes and although these
foods also contain moderately high levels of trace elements such as iron and
zinc, they are poorly absorbed.
Analysis of typical diets of breast-fed infants (6–24 months) indicate that
several foods consumed by 6- to 11-month-old infants in Peru and Mexico
have iron densities that could meet infant requirements, but only if 2–3 times
more of the food was consumed than that reported for any child [2]. Zinc and
calcium densities were adequate for children aged 18–24 months when
animal source foods were included. Gibson et al. [3] found that very few
complementary foods from Africa and Asia could meet the iron, zinc, calcium
and riboflavin needs of infants 9–11 months of age. Vitamin A density may
also be inadequate especially if breast milk retinol intake is low due to maternal deficiency or low breast milk intake. Recent studies have shown that the
bioavailability of vitamin A from plant-based foods is much lower (⬃50%)
than earlier estimates [4], and that in the absence of any preformed retinol,
young children would have to consume about 4–5 times the current amount
of plant-based foods such as spinach to meet their requirements [5].
Similar analyses of dietary intake data from Bangladesh, Ghana,
Guatemala, Peru and the USA [6] using the updated nutrient requirements
[7–11] indicate that iron, zinc and calcium densities remain low in almost all
foods for children ⬍12 months of age, despite the lower energy requirements.
Calcium and iron densities were inadequate for children aged 12–23 months.
Although the results were inconsistent for other micronutrients (riboflavin,
vitamin B6, niacin, thiamine, folate and zinc), they are most likely limiting in
the diets of infants ⬍2 years of age and it was concluded that more research
is needed to establish appropriate nutrient densities for complementary
foods.

Rationale for the Use of Targeted Fortification to Improve
Micronutrient Status of Small Children
It is clear that the density of zinc, iron, calcium and possibly other micronutrients in unfortified foods from developed and developing countries is
insufficient to meet the needs of infants and small children. Improved
micronutrient density may be feasible through daily consumption of poultry,
meat, fish or eggs and vitamin A-rich fruits and vegetables [1]. In many
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populations, however, economic and other constraints limit the inclusion
of sufficient animal-source food to breech this gap [2]. Other mechanisms
(fermentation, germination, ascorbic acid) can improve the availability of iron
and zinc from plant-based foods, but are likely insufficient to meet the needs
of infants [3]. Micronutrient supplement distribution can be very efficacious
in improving micronutrient status especially when high-risk groups are
targeted [12]. It has been challenging, however to implement supplementation programs due to technical and logistical problems, including interactions
between nutrients in multinutrient syrups, safety, frequency of consumption (at least weekly for nutrients such as iron, zinc and water soluble
vitamins), compliance, reliance on health systems for distribution, and
sustainability [13].
The increased use of processed foods facilitates fortification as an effective
strategy to improve micronutrient intakes of populations. Universal fortification of staples and condiments, however, is unlikely to improve micronutrient
intakes of small children due to the small amount of these foods consumed.
Commercial complementary foods have been available and used extensively
in many developed countries since the 1950s. Consistent with nutrition
knowledge at that time, emphasis was placed on adequate protein intake [6].
Fortified complementary foods (FCFs) now provide an important alternative
to meet the micronutrient needs of young children [14]. As urbanization and
women’s participation in the work force increase, commercial complementary
foods provide a convenient and timesaving alternative to home preparation
and reduce the risk for microbial contamination [6].

Barriers to the Use of Fortified Foods in Developed
and Developing Countries
There are a number of barriers to the widespread production and use of
FCFs, particularly among the rural poor in developing countries. Because this
is where the highest prevalence of micronutrient deficiencies exists, fortified
foods have had little impact on the prevalence of child malnutrition to date [6].
Barriers on the Production Side
The amount of micronutrients needed from FCFs depends on total
requirements and intake from breast milk and other sources. A large range in
consumption of complementary foods can be expected, depending on child
age and intake from other sources [6] and it may be difficult for manufacturers to estimate appropriate levels of fortification when target populations
are heterogeneous. Lutter [15] recommends that the level of fortification be
set to meet the needs of the largest possible proportion of non- or minimally
breast-fed infants over the range of target ages. Typical breast milk intake,
portion size, bioavailability, micronutrient interactions and inhibitors of
215

Targeted Fortified Foods
absorption naturally occurring in the food vehicle should be taken into
consideration in determining the level of fortificant. Nutrient bioavailability
studies of fortified foods have been conducted in older children and adults
[16–18] and in FCFs with different iron fortificants in the presence of
enhancers (ascorbic acid) and inhibitors (phytates and milk) of iron absorption [19]. Unfortunately, there is a paucity of information on the bioavailability
of other nutrients and the role of interactions when more than one nutrient
is added to complementary food.
Quality control of food fortification, including fortification to the specified
level and control of microbial contamination must be monitored; although this
may be logistically difficult if foods are prepared by many disperse manufacturers. Where livelihood depends on small-scale agriculture, locally produced
crops should be used in the production of FCFs to avoid undermining local
markets [6].
The potential role of industry in the production of safe, affordable and
high-quality FCFs is great, both as a partner in the production of FCFs
for national programs and for sale in the market. A number of barriers must
be overcome before industry is likely to make the investment needed for
FCF production. Raw material costs can only be reduced to a certain degree,
after which packaging and marketing expenses must decrease [20]. The
demand for FCFs in developing countries is very low, especially among highrisk groups and a large investment would be necessary to create demand
and brand loyalty in this setting [15]. Finally, many producers shy away from
foods for small infants for fear of consumer boycott [20, 21] or even liability
due to concerns of contamination from inadequate hygienic practices during
food preparation that could be attributed to the product itself [20]. Public
sector and advocacy groups must work with industry to reduce perceived
risks related to FCF production and increase the market for high-quality,
low-cost FCFs.
Reaching the Most Needy
In developing countries, FCFs have traditionally been expensive and
available only to the wealthier, urban population. Recently FCFs have been
included as part of national poverty alleviation programs in various Latin
American countries, including Mexico, Peru, Guatemala, Columbia, Costa
Rica and Chile (Neufeld and Hotz, unpublished document prepared for Global
Forum, 2003). One such program, Oportunidades (previously Progresa)
has been operating in Mexico since 1997 and has been evaluated by the
National Institute of Public Health (INSP), Mexico, since its inauguration.
A description of this program was published as part of a previous Nestlé
Nutrition Workshop [22].
Creating a demand for FCFs among poor families with little disposable
income may be a major barrier, particularly among rural dwellers, less accustomed to the use of commercial foods. Although some national programs
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distribute FCFs to poor families, they reach a small portion of those who could
benefit [15], and unless steps are taken, may ultimately create dependency [6].
Furthermore, the nutritional quality of the products distributed through
national programs has not always been adequate [15].
Education and social marketing may help create consumer demand for
FCFs [15] and provide an opportunity to educate the population about
appropriate feeding practices and promote breast-feeding [6]. Unlike breastfeeding, clear policy support and advocacy have been lacking for specific
recommendations related to complementary feeding [21]. An abundance of
research exists on issues related to complementary feeding including
nutrient composition, consistency, hygiene, control of microbial contamination and feeding environment (e.g. responsive feeding practices) but the
implementation of this information into action has been inadequate [21].

Fortification and Micronutrient Status of Infants
and Young Children: Experiences from Universal
and Targeted Food Fortification
Many examples of the effectiveness of untargeted fortification to improve
the micronutrient status of older children and adults have been published.
The iron status of children improved after universal fortification of rice
(Philippines) and flour (Venezuela) [23]. Several studies have also evaluated
the efficacy of fortified foods targeted to school-age children (drinks, cookies,
candies) with positive effects on iron [24–28], vitamin A [24–26], and zinc
status [24]. In Morocco, the iron and iodine status of children improved with
the use of salt fortified with microencapsulated iron and iodine [29].
Recent studies suggest that fortified foods may contribute 10–20% of
micronutrient intakes in older children and adults from developed countries.
Fortified foods were shown to contribute ⬃80% vitamin B6, 40–50% vitamins C, B2, E and niacin, 10–20% iron, vitamin A and folate, and 5% calcium
intakes in German children (2–15 years) [30]. Fortified ready to eat cereals
and fruit juices are significant sources of iron and vitamin C, respectively,
among US children (2–18 years) [31]. Berner et al. [32] concluded that fortification substantially increased micronutrient intakes in all age/sex groups in
the US, especially young children, based on nationally representative dietary
intake data. However, micronutrient intakes from fortified foods among
children ⬍2 years of age are not well documented.
Although essential to improve the micronutrient status of older children
and adults, these strategies are unlikely to have substantial impact on the
micronutrient status of children ⬍2 years of age. Micronutrient density is
insufficient to meet requirements during complementary feeding and the
small quantities that can be consumed due to limited gastric capacity will not
compensate for lower nutrient density.
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Developed Country Experiences in Targeted Fortification
Breast milk substitutes and complementary foods have been fortified,
especially with iron, since the 1970s in many developed countries and the
observed decline in rates of anemia and iron deficiency has been attributed to
this [33]. The best evidence comes from the United States where the prevalence of anemia declined among low income young children between 1974 and
1985 [34, 35], corresponding to the introduction of iron-fortified formula and
complementary foods in the national Women, Infants and Children program.
An important lesson from developed countries is the active role of the private sector in the development and marketing of FCFs. A wealth of experience
exists in the selection of appropriate fortificant, acceptability of the final product, etc. For example, many efficacy trials [36–38] have compared the impact of
different iron fortificants on young child iron status and the advantages and disadvantages are well documented [39]. The challenge is to share this knowledge
and make it relevant to developing country settings where it is most needed.
Developing Country Experiences in Targeted Fortification
While evidence exists that FCFs may improve outcomes such as child
growth and morbidity [2, 22], less is known about their impact on micronutrient
status in developing country settings. The results of published efficacy trials
[40–44] are mixed and methodological details (table 1) show that there is considerable variability in study design, micronutrients and food vehicles used.
Most studies showed positive effects of complementary foods fortified with
iron on iron status. In China [44], no drop in hemoglobin concentration was
observed in the fortified food group (⫺0.8 ⫾ 0.1 g/l) while it declined significantly in the control group (⫺7.9 ⫾ 1.2 g/l). Similarly, a significant drop in
ferritin and hemoglobin concentration was observed in infants receiving
unfortified porridge or porridge with fish powder in Ghana, while no drop
occurred among those receiving fortified porridge [43]. At 12 months of age,
11% of infants receiving the fortified porridge had low serum ferritin compared to 50% in all other groups. In South Africa [42], a smaller drop in serum
iron but not hemoglobin concentration was observed in the fortified food
group. In Chile [41], infants receiving iron fortified rice cereal had a higher
hemoglobin concentration and a lower prevalence of anemia at 8, 12 and
15 months of age than infants receiving unfortified cereal.
FCFs provided protection against a drop in serum retinol in South Africa
[42] and Ghana [43]. In Ghana, the prevalence of vitamin A deficiency (retinol
⬍0.7 mol/l) was 10.4% in the fortified group and 27.0–34.3% in the other
groups. There was no change in serum zinc in South Africa, China or Ghana
and no data were reported for Chile. In one older study [40], riboflavin status
was adequate in the fortified food group at 9 months of age while riboflavin
status worsened in the group not receiving the fortified food.
Therefore, there is some evidence that FCFs may help prevent micronutrient deficiencies under ideal circumstances. However, few program
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effectiveness trials have been conducted. Considering that national programs
in different parts of the world provide FCFs, it is essential to determine
whether FCFs provide benefits for infant micronutrient status over and above
other program components (e.g. economic transfers).

Case Study of a Fortified Complementary
Food in Mexico
The nation-wide poverty alleviation program, Oportunidades was
implemented in 1997 in rural areas and expanded to urban areas in 2001.
A fortified, milk-based complementary food, ‘Nutrisano’ is distributed to all
participating low-income families with children 4–23 months of age and
underweight children 2–4 years of age. Considering the enormous investment
involved in the production and distribution of Nutrisano, a series of studies
were conducted to determine the efficacy to improve micronutrient status,
iron bioavailability and stability and acceptability of various iron fortificants.
Efficacy to Improve Infant Micronutrient Status
The efficacy of Nutrisano to improve iron, zinc and vitamin A status was
assessed using supplementation with multiple micronutrient syrup as positive
control [45]. This was used instead of placebo due to the high prevalence of
micronutrient deficiency and provides the opportunity to compare two
strategies currently implemented in Mexico. The micronutrient content and
percent recommended intake are presented in table 2. Infants 4–12 months
of age were randomly assigned to receive Nutrisano or syrup daily. After
4 months, the ferritin concentration dropped significantly in the Nutrisano
group (⫺12.4 ng/dl) while no change was observed in the syrup group
(⫹0.87 ng/dl). The prevalence of iron deficiency (ferritin ⬍12.0 ng/dl) was
significantly lower in the syrup group (12.5 vs. 37.5% Nutrisano). There was
no difference between groups in hemoglobin concentration or anemia
prevalence. Micronutrient syrup, but not Nutrisano provided protection
against a drop in iron stores during the weaning period and further research
was carried out to determine why. Laboratory results for serum zinc and
retinol will be available shortly.
Bioavailability, Stability and Acceptability of
Different Forms of Iron in Nutrisano
Following the efficacy trial, the bioavailability of ferrous sulfate (FS),
ferrous fumarate (FF), or reduced iron ⫹ sodium EDTA (Fe-EDTA) in
Nutrisano was assessed in children 2–4 years of age using stable isotope
procedures [46]. Nutrisano labeled with 58Fe was consumed after fasting and
a reference dose of 57Fe dissolved in grape juice with 50 mg ascorbic acid was
administered the following day. Incorporation of iron into erythrocytes was
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Country

Fortificant

South Africa MM1

Age at initial Food vehicle
feeding in
months

Duration and details
of supplementation

Micronutrient status
outcomes measured

6

Complementary
food

12 months
Randomized to fortified
or unfortified food

Hemoglobin, serum
iron, zinc, retinol

Chile
(n ⫽ 515)

Elemental iron
4
55 mg/100 g dry
cereal (no informationmentioned for other
micronutrients)

Rice cereal
(Gerber)
30 g/day

Randomized to fortified
or unfortified cereal
Stratified by breast or
formula fed and by
iron fortification within
the formula group
Daily feeding with
encouragement to
15 months
Ascorbic acid present
in iron-fortified
formula

Hemoglobin,
prevalence of iron
deficiency anemia
(low Hb ⫹ 2 values
low for mean
corpuscular volume,
serum ferritin,
transferrin saturation)

Ghana
(n ⫽ 190)

1 MM
(electrolytic iron,
zinc oxide)
2 Dried anchovy
powder

Traditional maize
porridge or
improved porridge
(Weanimix)

Randomized to
traditional porridge plain
or with fish powder,
Weanimix plain, with
fish powder or multiple
micronutrients
Daily feeding to
12 months

Hemoglobin,
hematocrit, plasma
retinol, zinc, TIBC,
erythrocyte riboflavin

6
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Table 1. Efficacy trials of the impact of fortified complementary foods on infant micronutrient status in developing countries

China
(n ⫽ 226)

10 micronutrients
(ferric ammonium
citrate 10%, zinc
gluconate 5%,
retinol acetate
375% of RDA)

6–13

Rusk

Randomized to fortified or
unfortified rusk by village
Daily feeding for 3 months
Direct monitoring of
consumption

Hemoglobin, erythrocyte
porphyrin, plasma
vitamin A and erythrocyte
glutathione reductase
activity (riboflavin)

Gambia
(n ⫽ 178)

Riboflavin in
fortified wheat flour
(1.4 g/g fresh weight
of supplement)

3–12

Locally prepared
with wheat, soya,
skim milk, ground
nut oil, sugar

Supplemented 3–12 months
of age with or without
mother receiving supplement
during pregnancy and
lactation or nothing
Assignment by community

Erythrocyte glutathione
reductase activity
(riboflavin)

1MM

⫽ Multiple micronutrients, stated as quantity similar to recommended dietary allowance (RDA).
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Table 2. Nutrient content of a fortified food (Nutrisano) and a micronutrient syrup,
distributed in different national poverty alleviation programs in Mexico
Nutrient

Nutrisano
content1

Energy, kcal
Protein, g
Total fat, g
Total carbohydrates, g
Sodium, mg
Vitamin A, g
Vitamin E, mg
Vitamin C, mg
Vitamin B12, g
Folic acid, g
Zinc (zinc sulfate), mg
Iron3, mg
Riboflavin, mg
Thiamin, mg

194
5.8
6.6
27.9
24.5
40.0
6.0
40.0
0.7
50.0
10.0
10.0
0
0

Syrup
% new DRI2
23
–
–
–
–
8
–
80
140
63
333
91
–
–

content

% new DRI

0
0
0
0
0
0
0
60.0
1.1
95.0
20.0
20.0
1.2
1.1

–
–
–
–
–
–
–
120
220
119
666
182
300
367

1Content

in one daily portion (44 g of dry mix Nutrisano; 20 drops, syrup).
micronutrients, US dietary recommended intakes (DRI) for 9–11 months of age
[7–10] and energy based on WHO/UNICEF recommendations for total energy 9–11 months of
age [2].
3Reduced iron in Nutrisano; ferrous sulfate in syrup.
2Selected

assessed 15 days after administration. Iron absorption from Nutrisano with
FS was 7.9%, 2.4% from FF, and 1.4% from Fe-EDTA. Considering 1 mg/day
requirement, daily iron absorbed from Nutrisano fortified with FS would
provide 144% of the requirement, and 50% if fortified with FF. Iron absorption from Nutrisano fortified with Fe-EDTA would be negligible.
Government authorities requested a recommendation for changing the
iron fortificant in Nutrisano and further testing was conducted (Morales J,
unpublished data). The taste, color, viscosity and microbial content of
Nutrisano with each fortificant were assessed immediately after production
and after 6-month storage. Expert judges were able to identify a slightly
metallic taste in the food fortified with FS. Approximately 10–20 min after
addition of water, color changes and jellification occurred in Nutrisano
fortified with FS but not FF or Fe-EDTA. All samples were within acceptable
limits for microbiological tests.
Acceptability and intake of Nutrisano with 3 fortificants was evaluated in
blind testing among infants 4–23 months of age [47]. All forms received a
rating of 4 on a 5-point Likart scale from the infants’ mothers. Infants ⬎12
months of age consumed more Nutrisano fortified with FF (28 g), than FS
(23 g) or Fe-EDTA (24 g).
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Based on this series of studies, researchers at the Instituto Nacional de
Salud Publica recommended that the fortificant be changed from reduced
iron to ferrous fumarate. This recommendation is now being implemented.
Ongoing program evaluations should provide results for the effectiveness of
Nutrisano to improve micronutrient and other outcomes.

Conclusions
Micronutrient intakes of children ⬍2 years of age are inadequate in many
parts of the world and specific interventions must be undertaken to improve
micronutrient status and avoid deleterious consequences for child survival,
growth and development. FCFs play an important role in maintaining
adequate micronutrient status of small children in developed countries and
are likely to play an increasing role in developing countries in the near future.
The inclusion of FCFs in national programs has great potential to improve
micronutrient intakes in vulnerable groups. Nonetheless, additional marketing and promotion strategies to improve the use of FCFs is necessary as
programs are unlikely to reach all those who could benefit from FCFs and may
not be economically sustainable for some countries. Clear documentation of
the cost-effectiveness of programs distributing FCFs through close monitoring and evaluation may provide the motivation necessary to expand the use
of FCFs in programs, where feasible. Interchange between government
policy-makers and researchers, such as the case in Mexico for the design and
improvement of Nutrisano, are essential to ensure that state-of-the-art knowledge in the field is incorporated into program planning. Cooperation with
industry should be increased by reducing real and perceived risk associated
with investment in FCF production and by increasing consumer demand
though education and social marketing. Communication of the effectiveness
of FCFs for preventing micronutrient deficiencies and their negative consequences in a manner meaningful to rural populations with limited resources
may increase demand for the products.
To make appropriate decisions about food vehicle and level of fortification
in each population setting, manufacturers will require information regarding
the range of nutrient intakes in the population (from breast milk and other
complementary foods), the likely range of consumption of the fortified food,
cultural traditions and taboos of foods appropriate for young children,
prevalence and severity of micronutrient deficiency in the population and
capacity of the population to purchase complementary foods. At least part
of this information may exist for some developing countries. The impetus
to motivate industry to get more involved in the production of FCFs lies
with public and advocacy organizations. Ideally, these same bodies should
then work with industry to ensure a product that responds to needs of the
target population.
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Recommended Research Areas
Experience in both developed and developing countries has resulted in
a wealth of information on micronutrient needs, appropriate densities,
bioavailability of different fortificants, interaction between nutrients, and
enhancers and inhibitors of absorption. The food industry, especially manufacturers of infant foods also have considerable experience but this information is typically proprietary in nature and often not available in a manner that
would benefit disadvantaged populations. Without doubt, better cooperation
and trust between industry and public health/policy sectors with appropriate
technology transfer (north–south) would help both increase demand and supply for low-cost FCFs. In this scenario, developing countries would evaluate
FCFs in their own context, with appropriate assistance. This type of research
is essential to reduce barriers related to the production of low-cost, acceptable and high-quality FCFs.
Many of the previously identified research needs [22] have not yet been
adequately addressed and maintain relevancy. In addition:
(1) Appropriate nutrient densities based on type of diet including breastfeeding, amount and frequency of food consumed and foods typically
consumed needs to be clarified.
(2) Bioavailability of micronutrients, particularly iron and zinc in various
food vehicles needs to be established and guidelines should be produced for
the use of specific fortificants, depending on food vehicle characteristics.
(3) Formative research at the population level must be conducted to
understand how to appropriately present, promote and market FCFs,
particularly in rural areas of developing countries.
(4) The effectiveness of programs distributing FCFs to improve child
micronutrient status and incremental improvement over and above other
program benefits needs to be assessed, as does cost-effectiveness. Clear
solutions to ensure sustainability when programs are effective must be found.
(5) On-going process evaluation is essential to understand why programs
distributing FCFs work or do not work, and provide feedback for their
improvement.
(6) The relative contribution of FCFs to improving micronutrient status
compared to other interventions in varying contexts should be evaluated.
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Discussion
Dr. Hurrell: I enjoyed your presentation very much. I have several comments on
the iron fortification trials that you did. I was wondering what the composition of the
complementary food was? You said it was just milk-based. Were the iron absorption
studies in adults or were they in infants? The absorption of ferrous sulfate was about
3 times that of fumarate and in most of the adult studies they have been the same.
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So if it was an infant study I was wondering why the absorption of fumarate was less
than sulfate? Perhaps you could comment on that. Just one other point, and that is that
it was not iron EDTA which was studied, but reduced iron plus EDTA which is not
actually iron EDTA. So the results which you gave were not from iron EDTA but from
elemental iron.
Dr. Neufeld: Yes, it is elemental iron with EDTA. The iron bioavailability studies were
conducted in infants. I am not the person to answer the question about the difference
between ferrous fumarate and ferrous sulfate. In our group it is Salvador Villalpando
who does the isotope bioavailability studies, so I really wouldn’t know.
Dr. Abrams: What about the data compared with what was found in Bangladesh?
Dr. Hurrell: I think that is part of the important finding that iron absorption from
fumarate is less in infants than we would have expected. The present study agrees
exactly with what we reported in Bangladesh where fumarate was found to have 25%
the absorption of ferrous sulfate. Most of the guidelines for infant feeding recommend
the use of fumarate based on adult studies which show that it is also absorbed as ferrous
sulfate. I think that is quite an important finding.
Dr. Abrams: I would also point out that there are methodological problems in assessing the bioavailability of reduced iron because the isotope methods would probably
overestimate the absorption. So I would consider 1.4% to be an upper limit of what
was truly absorbed because the fumarate is certainly much more accurate than sulfate,
and there are huge differences that you found previously. I am glad it has been found,
but I think it needs to be discussed as the real impact on how we fortify foods.
Dr. Hurrell: The lower absorption of ferrous fumarate in infants may be due to
gastric acid secretion. It may be that infants have less gastric acid than do adults, and
perhaps this was one of the reasons why ferrous fumarate is less well dissolved in their
gastric juices.
Dr. Tolboom: There is not much difference between the gastric acid secretion in
infants compared to older children and adults, only in the very young, about the first
weeks perhaps, so thereafter it is the same.
Dr. Barclay: Coming back to the absorption of ferrous fumarate versus ferrous
sulfate versus iron EDTA: were these studies done as acute absorption studies or
were the children consuming these products for a certain period of time beforehand
for adaptation?
Dr. Neufeld: Yes, they were given an adaptation diet. So they were adapted and
then given the different forms.
Dr. Zlotkin: The two strategies that have worked in terms of targeted fortification
in the Western environment, one of which you emphasized and the other you didn’t.
It may be because you are unwilling to use the F word in a Nestlé meeting. But I do
want to emphasize that two strategies for targeted fortification that have worked
extremely well in the West are the targeted fortification of commercial infant foods
and the targeted fortification of infant formulas, that is the F word I was referring to.
It is worthwhile mentioning that, although everyone in this meeting would of course
agree that the primary feeding methodology for infants everywhere in the world should
be exclusive breast-feeding for 6 months followed by the appropriate introduction
of fortified complementary foods, there are situations in which formula is going to be
used in infants who cannot be breast-fed. One of the targeted fortification studies that
we should emphasize is that if formula is to be used it should be a fortified formula
because there is no doubt and good epidemiologic evidence that fortified formulas do
work to prevent at least iron deficiency and probably most micronutrient deficiencies.
So the two strategies where there is good proof of efficacy and effectiveness are
the commercial formulas and the commercial cereals. A further point I would like to
make, and maybe you could respond to this, is that I am not sure that it is necessary
for us to reinvent the wheel in each and every country around the world. We do have
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multinationals who have the capacity to produce fortified cereal products at a relatively low cost, and although it may be possible that national companies can produce
the cereal at lower cost, this may be at the expense of quality control. So I do think that
one of the strategies that we should think about is ways to make the multinationals
continue to distribute their highly fortified cereal products at a very reasonable cost
even if that means strategies to subsidize the cost for those who can’t pay for it.
Dr. Neufeld: I was hoping that somebody from Nestlé would discuss that because
I agree with you. There are many fortified foods but they are not distributed at low
cost. They are distributed at exorbitantly high cost for poor families in developing
countries. So I don’t know the answer to why that hasn’t been done already, if we are
already assuming that this is a need.
Dr. Guesry: We have been collaborating with the Minister of Health of Chile for
more than 20 years in producing first infant formulas and milk fortified with iron and
all the trace minerals. So this does exist. I don’t know of any infant formula which is
not fortified. There are norms and all the industry respects these norms. So discussing
the existence or not of fortified infant formula is a bit esoteric to me.
Dr. Zlotkin: If I could just comment. In Canada and the US a percentage of formula
is not fortified with iron.
Dr. Neufeld: That is true. In Mexico too there are many formulas not fortified with
iron available on the market. You can get formula not fortified with iron if you want to.
Dr. Amancio: What do you think of these rules adopted for fortification?
Dr. Neufeld: I am not that familiar with the food industry development of these
products. As we showed, the bioavailability of iron in this milk-based formula is
dependent on the form of iron, and all of those estimates were made based on this
milk-based formula.
Dr. Armancio: It is also the amount of calcium, as calcium decreases iron bioavailability.
Dr. Neufeld: Right, but I think that would be the major issue. If I understand the
industry correctly, the level of iron that is put into the product needs to be set in order
to have the amount of available iron. So in this product it has been set considering
bioavailability, and what we are trying to deliver to the infants.
Dr. Lozoff: In the last several presentations people have been talking about the
need to consider local beliefs and customs about food. I want to mention an analysis
we did quite a number of years ago, using the Human Relations Area Files. There was
a standard anthropologic sample of 186 pre-industrial societies representing all of the
world cultures and communities. In that sample one third of the world societies introduced solid foods before 1 month, one third introduced between 1 and 6 months, and
only one third introduced after 6 months. So in the context of our customs and beliefs,
there may be room for discussion about the length of exclusive breast-feeding. These
anthropologic data are there directly in front of us [1].
Dr. Neufeld: We find similar results in Mexico. Exclusive breast-feeding goes down
dramatically at 1 month of age and is almost nonexistent by 3 or 4 months. They are
called prevaritas, you give little bits, you give little tastes of food to children, but that
happens from very early age. That is one, and second in terms of the importance of
this more qualitative research, in terms of the development of a product. What we have
found since the implementation of this program is that even though the program
suggests that this product is consumed as a pabulum, as a sort of a thicker product,
most women give it as a drink. It is the most common means of giving this food to the
children. So what we are now working on is trying to decide whether that is all right
in terms of the micronutrients that we want the child to consume and, if it isn’t, we
might have to change the concentration of the product as opposed to trying to convince these people to give the food in a form that they are not accustomed to use. This
is one of the areas where local work needs to be done because cans of some kind of

228

Targeted Fortified Foods
commercial product that sells all over the world wouldn’t necessarily be consumed at
the level that we would want in certain groups of the population.
Dr. Abrams: The low iron formula in the United States is less than 4.5–5 mg/l. So
there are only two formulas that I am currently aware of in which the content of iron is
4 mg/l, which is truly low iron. Canada may have some lower ones. In the iron–calcium
interaction, a long story we talked about before, there is no evidence whatsoever that
complementary foods are a long-term problem.
Mr. Parvanta: Just one question. If I understood you correctly the pabulum is
distributed by the government sector to a low income population. What products of
similar nutrient quality or nutrient content are there for those populations that are just
above that poverty level cutoff but may have just about the same high risk, and are
there some products available for them?
Dr. Neufeld: I don’t know if you are supposed to say this at Nestlé meetings but it
is Gerber. On the Mexican market Gerber infant cereals and Gerber foods are available,
but pretty much only the urban upper and middle classes would consider purchasing
those because they are expensive; in terms of the general income, very expensive. This
pabulum is actually produced by the government. The government has an organization
called Liquanza. It is the milk, the government’s milk production. So the product itself,
the pabulum, and the milk that is the product for women, is produced by the government for this program. They are not for sale on the open market. They are exclusively
distributed as part of this program. Now there has been debate about whether they
should be, about whether they should put this product on the market, but it hasn’t been
done.
Dr. Mogrovego: I work at Nestlé in Ecuador and I would like to make some comments. First of all in my country nearly half of the population has iron deficiency. So
the government implemented a policy directed to fortifying flour with iron, and also
Nestlé mixed formulas and cereals with iron for children, and now we are introducing
some complementary foods.
Dr. Neufeld: Distribution as part of a program or for sale?
Dr. Mogrovego: Only for sale, this was introduced 2 weeks ago. We also have communication and education programs for the consumers. We are beginning part of the
education program that the government does not do. We are doing something that
the government does not do, like working together to build a collaboration with local
municipalities in the city. We have to work together: government, industry and policy
makers.
Dr. Barclay: I would like to come back to the statement by Dr. Amancio about the
relationship between calcium and iron absorption. It really would be doing a great
disservice to children to deprive them of iron-fortified milk under the misconception
that calcium has a significantly negative impact on iron nutrition. This has already
been discussed in detail during this workshop; in the acute short-term studies, sharply
increasing calcium intake has a negative effect on iron absorption, but in the long-term
the effect is not there. In long-term studies looking at calcium intake versus iron status,
there is only a very small negative correlation between calcium intake and iron status.
I would even go further by saying that this is even more reason to have some iron in
milk products if indeed calcium does have a slightly negative effect on iron absorption.
Dr. Neufeld: Actually in his presentation Dr. Castillo-Durán mentioned that Chile
has been fortifying milk with iron and other micronutrients for many years with a positive impact on iron status in the country. Mexico has recently also started fortifying
the milk that is redistributed as part of a program to older children; that milk is now
fortified with iron and other micronutrients. We are currently evaluating that program
too, so in a few years we will be able to say whether we find an impact on iron status.
Mr. Parvanta: Going back to the issue of consumer choice and the statistics. What
was mentioned first about the issue of when and the age of the child at which certain
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micronutrients may be introduced. The reaction to that may be different, very young
infants have a different risk versus the older infants. Given the reality of the world,
people introduce different products at a much younger age, complementary foods at
a very much younger age, what are your thoughts about that? I am not talking about
formulas but the other products, about fortification of other products with nutrients,
and which nutrients you might want to consider making sure that those foods have
some kind of fortification.
Dr. Neufeld: First of all, although this is the reality I think we do need to do interventions to try to encourage exclusive breast-feeding according to the WHO recommendations. Because it is happening that doesn’t mean we should not try to encourage
people and improve those debates on breast-feeding. That being said, in Mexico a lot
of what is given at very early ages isn’t necessarily given for food reasons. For example teas are given, sweetened teas are given but they are considered medicinal, they
are considered purgatives, and are given for many different reasons. So there are very
traditional cultural beliefs and we might not want to influence those, we might not
change them. But I don’t know if we should be saying if you are going to give sugared
tea why don’t you give sugared fortified tea? I have to think about that a lot more
before I could comment on that. It is the mothers who introduce the foods early by
eating the tortillas and letting the child suck on a little bit. So the contribution at those
very early ages is really minor, and I don’t think we want to give the message that here
is a good product, therefore give it early, because it is going to completely contradict
our breast-feeding messages.
Dr. Gebre-Medhin: Thank you for an excellent presentation. You are doing remarkable and very important work and we wish you good luck. I would like to reinforce
what Dr. Zlotkin and Dr. Guesry have said, and that is I don’t think we can get away
from the importance, imperative importance of the necessity of breast milk substitutes, commercially produced and enriched. Sweden is a remarkable example of a situation where the prevalence of breast-feeding was very low in the 1940s. It continued
that way until the mid 1970s and during this time, in addition to socioeconomic development, it was possible to virtually eradicate all forms of deficiency and malnutrition,
and that is no doubt due to the remarkable cooperation between health workers, pediatricians, nutritionists and the industry. I think it is very important to underline these
things. As Dr. Guesry has said, it is very important to remember that these products
are very carefully regulated, so the question of these products being additionally
supplemented or fortified is not relevant at all. Now Sweden has decided to go over to
exclusive breast-feeding and extended breast-feeding until the age of 6 months, and
they do it extremely well. It is also important for us that wherever breast-feeding is
low the solution is not the production of commercially produced formula, rather
investing in breast-feeding, more breast-feeding. The problem that we have in Sweden
is that we don’t know whether we should give complementary feeding at 4 or 6 months
as the WHO is recommending. We have no data for that. We need to do more research
work on that. So I think the issue is cooperation around this, between different nations,
and the production of complementary feedings that are enriched or fortified according to standard procedures, we have to work on that. In addition to that in areas where
breast-feeding is not prevalent, our first emphasis, our first advocacy should be to
elevate that part and complement it with production of industrially produced products
and complementation.
Dr. Lozoff: Why would the government decide to go with ferrous fumarate based
on those infant absorption data you had? There was a 4-gram difference in intake, but
the absorption was much better.
Dr. Neufeld: It was much more a matter of cost and the characteristics of the
supplement because there were physical changes in the product, in the pabulum, the
formation of small red and green spots, and if I see green spots I do not give that food
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to my 1.5-year-old son. So there was that consideration and also ferrous sulfate is considerably more expensive than ferrous fumarate.
Dr. Vasquez-Garibay: The majority of formulas in Mexico, I would say almost all,
have between 8 and 12 mg iron/l. The problem as I see it is how to decide to complement the infants between 6 and 12 months of age and to separate them from the 12- to
24-month-olds, because many, the majority, of the infants in rural areas are in fact
receiving breast milk as opposite to the urban areas of Mexico. So the problem sometimes with this policy from Mexico is how to decide to give this kind of fortified food
to the population which is most vulnerable to malnutrition and iron deficiency.
Dr. Neufeld: This program, Oportunidades, which probably has close to 2 million
households in Mexico, including rural areas, was started in rural areas in 1997 but has
now expanded to small and large urban areas. The only areas that are not included are
the very large metropolitan areas such as Mexico City. As part of the health education
and health services, the program itself strongly promotes breast-feeding in the first
months of life, very strongly. The messages to improve breast-feeding are very strong.
That is something we haven’t monitored yet, but we are doing ongoing evaluations and
we are always asking about exclusive breast-feeding and what else is given and for how
many months. So eventually we will be able to monitor whether there are changes in
the population, improvements in the prevalence of breast-feeding. The program was
implemented when the WHO recommendations were still 4–6 months, so the program
was reexamined a little bit according to that recommendation, providing the supplements as of 4 months of age. They are given universally to all children between 4 and
24 months of age, with the assumption that over 2 years of age the children gradually
become more accustomed to the family diet and by 3 years they should be fully accustomed. But certainly there is strong encouragement to improve breast-feeding.
Dr. Bhutta: There are two issues that I would like to highlight. One is that in developing countries there is also the converse of continued exclusive breast-feeding well
beyond 6 months of age, which is a real phenomenon at least in the part of the world
where I come from. It is not insubstantial, we see it in something closed to 20–30% of
the rural populations that we see. So I think the message in terms of appropriate complementary feeding at the right time is critical. I also think there is a need to emphasize that breast-feeding alone is not really the panacea in terms of micronutrient
deficiency. In perhaps the most vulnerable part of infancy, micronutrient deficiency
doesn’t just magically develop at 6 months of age. In parts of the world we have low
birth weight, it is a real phenomenon and these infants are significantly micronutrient
deficient by 2–3 months of age, if not earlier, and there is the real challenge in terms
of what strategies one needs. So I think one needs to throw micronutrient supplementation strategies into the equation for the mothers during pregnancy, and in lactation
which may influence breast milk content, and also the real challenge of developing
vehicles for giving micronutrients to young infants who are at risk of deficiency such
as low birth weight infants well under 6 months of age. I don’t think anybody in public
health programs has got an answer to that yet.
Dr. Neufeld: I agree completely. I didn’t stress it here at all because I was really
speaking about complementary feeding but this program does provide the same type
of products. It is a beverage to pregnant and lactating women, it is actually a fortified
milk drink, with exactly that reason to improve infant stores at birth and to improve
maternal micronutrient content of milk.
Dr. Barclay: In reply to your challenge to the food industry to produce lower-cost
fortified infant cereals, if we wish to offer products that consumers will want to use,
they have to be of a highest nutritional and organoleptic quality. I don’t think this can
be done cheaply. High-quality products require modern factories, quality ingredients,
modern processing techniques, quality control, etc., and so they are going to come
at a cost. The other solution that you describe, which has indeed been shown to be
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effective, is the WIC program whereby high-quality products are made available to
those that need them.
Dr. Neufeld: Even if you lower packaging costs?
Dr. Guesry: We have done this. About 25 years ago we started a program called PPP,
popularly positioned product. We looked at the raw material, the production cost, the
packaging, and the distribution, In Nigeria for example, a soy maize product was
launched which was very successful for this reason, and in the Philippines, Indonesia,
and so forth. So this could be done, but only to a certain extent because we don’t want
to compromise on safety and quality.
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