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ABSTRACT

Introduction. Wheat flour enrichment is a
public health strategy recommended to prevent
micronutrient deficiencies, including iron
deficiency. The objective of this study was to
determine iron content in enriched wheat flour
and flour products and their contribution to
nutritional recommendations for children.
Population and methods. Observational,
analytical, cross-sectional study based on the
total diet study method. Enriched wheat flour
(as per Law no. 25630) and the most frequently
consumed flour products were analyzed.
Products were selected using a questionnaire
on the frequency of food intake and a 24-hour
recall interview with the parents of children
aged 6 months to 7 years. Food iron levels
were determined based on atomic absorption
spectrometry and their contribution to the
estimated average requirement was assessed.
Results. Enriched flour and flour products
showed the expected iron amount, except for
Frenchbread and breadcrumbs. The contribution
of studied products to iron requirements was
7 % in children aged 6 months to 1 year, 81 %
in those aged 1-3 years, and 45 % in those older
than 4 years.

Conclusions. Except for French bread and
breadcrumbs, studied flour and flour products
showed the expected enrichment level. The
consumption of this type of food does not provide
significantamounts of iron to infants, butit does
to children older than 1 year.
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INTRODUCTION

Food enrichment is a public health
strategy recommended to prevent
micronutrient deficiencies,'?including
iron deficiency. Iron deficiency is
the most common nutritional deficit
and the main cause of anemia,
which affects more than 40 % of
preschool children worldwide. In
Argentina, anemia is prevalent in
children younger than 2 years, but
it also affects children younger than
6 years.*5

Specifically, it has been
demonstrated that wheat flour
enrichment with iron is an adequate
vehicle in countries where flour
is regularly consumed. More than
80 countries have passed some type
of legislation aimed at wheat flour
fortification with iron.>” In 2003,
Argentina regulated Law no. 25630,
which establishes that any wheat
flour marketed across the country
should be enriched with iron (30 mg/
kg), folic acid (2.2 mg/kg), thiamin
(6.3 mg/kg), riboflavin (1.3 mg/kg),
and niacin (13 mg/kg).? Since the
regulation of the law, the first analytic
control of adherence to the law was
performed in 2008 and the most recent
one, in 2018. The report indicated that
adherence to the law was consistently
about 80 % for all analyzed
determinations.” However, average
iron levels in studied foods or the
contribution to the most vulnerable
populations were not reported.

The assessment of the universal
impact of food on anemia is intricate,
because it may take place together
with other strategies with a common
objective, such as prophylactic ferrous
sulfate supplementation in children
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and the consumption of specific fortified foods
in some vulnerable groups.'®" The investigation
of the contribution from different iron sources
to diet in these groups may provide important
information that could help to implement or
modify public policies. In line with this, the
study by Zapata, also published in this journal,
concluded that enriched flour and flour products
provide an adequate iron intake to the population
assessed in the Survey on Nutritional Food Intake
of the Autonomous City of Buenos Aires (Encuesta
Alimentaria Nutricional de la Ciudad de Buenos Aires,
EAN-CABA). However, the assessment was made
based on theoretical iron content."

The objective of this study was to determine
iron content in enriched wheat flour and flour
products and their contribution to nutritional
recommendations for children aged 6 months to
7 years who are seen in the public health system
of La Plata.

POPULATION AND METHODS

The study was conducted between June 2018
and June 2019 at the Pediatric Research and
Development Institute (Instituto de Desarrollo
e Investigaciones Pedidtricas, IDIP) “Prof. Dr.
Fernando Viteri” of Hospital de Nifios de La
Plata, Scientific Research Commission (Comisién
de Investigaciones Cientificas, CIC), Ministry of
Health (MoH), Province of Buenos Aires. This
was an observational, exploratory, analytical,
cross-sectional study.

The parents or legal guardians of children
who attended the pediatric offices of the IDIP for
their health checkup were invited to participate.
The sample was selected by convenience, in a
non-probabilistic fashion. Children who were on
a special diet for a medical condition and those
whose parents or legal guardians refused to
participate in the study were excluded.

During the interview, in addition to
completing the survey on food intake, address
and outcome measures to assess basic needs'?and
level of maternal education were recorded.

The methodology selected for this study was
based on total diet study-like investigations,
which analyze only a group of foods of interest,
in this case, enriched foods."

The study was carried out in stages, as detailed
below.

Stage 1. Administration and analysis of the
survey on food intake
A survey on frequency of food intake was

administered to the parents or legal guardians
of children in relation to wheat flour and flour
products consumption by children in the past
month. The brand of wheat flour and all flour
products also encompassed by the law and the
place of purchase were also studied. Foods and
brands to be included were selected based on
prior surveys.! The list included wheat flour and
products made from enriched wheat flour, such
as bread and cookies. Noodles and spaghetti
were not included in the list because the brands
mentioned by the study population are made
with wheat semolina, which is not within the
bounds of the law. Fresh pasta was also not
included because they were not consumed by the
study population during the study period.

To estimate serving sizes (median
consumption), a 24-hour recall interview was
done using visual aids and replicas of food in
order to estimate amounts. Food consumption
at school in children who attended school was
not taken into consideration because it was
not possible to know for certain the amounts
consumed. Surveys were administered and
analyzed by providers who had a B.S. in
Nutrition. To determine the analytical iron
content, a total of 42 samples of the following
foods were selected: wheat flour, crackers, sweet
cookies, filled biscuits, French bread, ladyfingers,
pastry, cookie sandwich, sponge cake mix, sliced
bread, and breadcrumbs (commercial and bulk).

Stage 2. Purchase and preparation of selected
foods

Selected foods were acquired from different
stores according to the answers provided in
the survey. Packaged foods of the brands most
commonly mentioned by survey respondents
were included, whereas bulk products were
purchased from 4 different stores.

The following samples were collected: wheat
flour (5), French bread (bulk) (4), pastry (bulk)
(4: 2 croissants, 1 filled with dulce de leche, and
1 filled with custard), crackers (4), sweet cookies
(including ladyfingers) (8), filled biscuits (4),
cookie sandwich (2), sliced bread (2), sponge
cake mix (1), commercial breadcrumbs (4), and
bulk breadcrumbs (4) (from the stores where
participants bought breaded beef).

Stage 3. Iron determination

Approximately 0.5 g of each composite sample
was weighed. Heat and pressure digestion
was done using a CEM MDS-2000® microwave
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digestion system, and 8 mL of concentrated nitric
acid and 1 mL of hydrogen peroxide were added
to each sample. Lastly, samples were brought to
a 50 mL volume with double-distilled water and
stored at -20 °C in plastic containers until analysis.
This procedure was performed at Instituto
Biolégico “Dr. Tomds Perén”.

At the IDIP, iron levels were measured
in duplicate using a Varian AA240FS® flame
atomic absorption spectrometer, with a 248.3 nm
wavelength. A calibration curve as measured by a
NIST® traceable standard was prepared (Certipur
Iron standard solution, Merck). Reagent and
container blanks were determined to rule out
their potential contamination.

Stage 4. Analysis of results

Results of iron level determination in studied
foods were compared to the theoretical iron
content values in flour and flour products as
described in the Food Analysis and Registration
System (Sistema de Andlisis y Registro de Alimentos,
SARA).»

Iron levels were measured in all foods
included in the survey, regardless of the
number of participants that consumed them. To
assess flour enrichment’s contribution to iron
requirement, food intake was arranged top-down
and only foods that covered 90 % of the daily
intake were taken into consideration. For this
reason, sliced bread and commercial breadcrumbs
were excluded.

The estimated average requirement (EAR) was
described by age category: 6-12 months (6.9 mg/
day), children aged 1-3 years (3 mg/day), and
children aged 4-7 years (4.1 mg/day).!

The following outcome measures were
defined:

e Sample’s iron content: iron level in flour or
flour products expressed as mg/kg of food.

e Daily intake of flour and flour products:
median flour and flour products daily intake.

e Iron intake from flour and flour products:
it was estimated based on the 2 preceding
outcome measures.

e Contribution of iron in flour and flour
products to recommendations: percentage of
iron EAR coverage by age group.'®
The SPSS 25° software was used for statistical

data analysis.

Ethical aspects

The protocol was approved by the Institutional
Research Protocol Review Committee (Comité
Institucional de Revisiéon de Protocolos de
Investigacién, CIRPI). Personal data were collected
according to article 3 of National Law No. 25326
for Personal Data Protection. In all cases, a written
authorization in the form of a free, informed, and
express consent was obtained from parents or
legal guardians.

RESULTS

A total of 120 surveys on food intake were
completed. Age distribution was as follows:
20 children were aged 6 months to 1 year; 52 were
1-3 years old; and 48, 4-7 years old. A total of
58.2 % were males.

The most represented area of residence of
participants (59 %) was the south-west area of La
Plata. Unmet basic needs were observed in 36 %
of households; more than 80 % had substandard
housing conditions; and 10 % of mothers did not
complete primary school.

Table 1 shows the theoretical content (SARA
tables) and measured iron content in enriched

TaBLE 1. Theoretical and measured iron contents in all analyzed foods consumed by children aged 6 months to 7 years

Food Theoretical iron content Measured iron content
(mg/kg)® (mg/kg)

Wheat flour 45.0 43
French bread 33.0 23.6
Pastry 21.9 23.6
Crackers 34.3 35.1
Sweet cookies 225 224
Filled biscuits 32.1 37.8
Ladyfingers 22.8 21.9
Sponge cake mix ND 34.0
Cookie sandwich 21.7 22.4
Sliced bread 31.8 20.3
Commercial breadcrumbs 77.0 444
Bulk breadcrumbs ND 30.9

ND: no data.
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flour and flour products selected based on the
survey on food intake. Iron levels measured in
the samples of French bread, sliced bread, and
breadcrumbs (both commercial and bulk) were
below the theoretical values.

Table 2 shows the consumption of these foods,
described as median, iron intake (mg/day), and
their contribution to iron requirements. These
products cover a low percentage of the EAR in the
group of children aged 6 months to 1 year (7 %),
but its coverage is higher among older children:
81 % in the group aged 1-3 years and 45 % in
children older than 4 years.

DISCUSSION

The analysis of iron determination shows
that wheat flour samples have the enrichment
levels required by law. The remaining foods
(flour products) have the estimated amounts
indicated in the chemical composition tables most
commonly used in Argentina (SARA), except for
French bread, sliced bread, and breadcrumbs. The
contribution to iron requirements is low in infants

younger than 1 year and higher in the remaining
age groups studied; the group of children aged
1-3 years showed the greatest contribution from
these foods.

In the children assessed in this study, the
average bread consumption was much lower
than that reported in the First National Survey
on Nutrition and Health (Encuesta Nacional
de Nutricion y Salud, ENNyS I), where the
median bread intake was 35 g/day in children
younger than 2 years and 70 g/day in those aged
2-5 years."”

Many countries have passed laws establishing
wheat flour enrichment with iron, but just a few
carried out laboratory studies and published
the results.” Whereas Chile, Colombia, Iran, and
Uruguay adhere to the law, Cameroon failed to
reach the iron levels required by law.!152

The study by Zapata et al. mentioned above
analyzed the information from the First Survey
on Nutritional Food Intake of the Autonomous
City of Buenos Aires and showed a greater
contribution of iron from these foods than our

TABLE 2. Amount of food consumed (median consumption), iron intake from analyzed foods (mg/day), and contribution to

iron requirements (%) by age group

Food Estimated daily intake Amount of iron intake Contribution to iron
(median, g/day) (mg/day) requirements (%)
Infants aged 6-12 months
French bread 8 0.19 3
Ladyfingers 5 0.11 2
Crackers 4 0.09 1
Sweet cookies 2 0.07 1
Total 0.46 7
Children aged 1-3 years
French bread 24 0.56 19
Crackers 13 0.45 15
Sweet cookies 14 0.32 11
Sponge cake mix 9 0.29 10
Breadcrumbs (bulk) 5 0.15 5
Wheat flour 7 0.32 1
Filled biscuits 3 0.12 3
Pastry 3 0.08 3
Ladyfingers 3 0.07 2
Cookie sandwich 2 0.06 2
Total 2.42 81
Children aged 4-7 years
French bread 13 0.31 8
Sponge cake mix 13 0.45 11
Breadcrumbs (bulk) 9 0.27 7
Crackers 7 0.23 6
Sweet cookies 8 0.18 4
Wheat flour 4 0.17 4
Pastry 5 0.13 3
Filled biscuits 2 0.09 2
Total 1.83 45
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study." This may be because, in our study, French
bread had a lower iron level than that estimated
in the tables, age groups are not similar, and the
amount of food consumed may vary. In addition,
there may be differences in the socioeconomic
characteristics of compared populations and,
therefore, in their diet.

Iron requirements in children up to 6
months old are covered by breast milk; after
this age, they need iron supplementation and
the introduction of iron-rich foods to avoid iron
deficiency.® However, enriched wheat flour and
flour products are not a source of iron in this
age group.? In older children, the growth rate
decreases and so do their iron requirements. As
of 1 year old, children are incorporated into the
family diet and studied foods cover a greater
proportion of iron requirements.*

The impact of wheat flour enrichment with
iron on the prevalence of anemia has proven to
be positive in some studies,>>*? although others
have not corroborated such improvement.??

A study carried out by our task force in 2004
in the province of Buenos Aires showed that the
prevalence of anemia decreased over 1 year from
55 % to 39 % in children younger than 2 years as a
result of the synergistic effect of delivering foods
containing micronutrients and the enactment
of the law establishing flour enrichment. As
described by Hurrell, the greatest impact of flour
fortification with iron may be observed in the first
year after the strategy implementation.?

To our knowledge, this is the first study
that measured food iron levels using laboratory
techniques. In other similar studies conducted
in our region, iron content or contribution was
determined based on the estimated theoretical
content.!'? It is necessary to perform further
analyses about the results observed in relation
to French bread and analyze additional bread
samples from different regions to draw a more
generalized conclusion about whether this wheat
flour product contains the adequate iron levels
required by law.

This study is the first approach to this subject
in the region, and its analysis may continue based
on study outcomes. It also has some limitations.
Most likely, the study did not include all enriched
wheat flour products, but it did consider the
foods most commonly consumed by the study
population. In the older children group, it is
possible that some products they eat at school
provide more iron than what is reflected in this
study; however, it is very difficult for parents

or caregivers to know what their children eat
at school. For this reason, we believe some food
amounts may be higher and, therefore, make a
greater contribution to iron requirements.

CONCLUSION

The level of wheat flour enrichment
corresponds to what has been stipulated in the
law. In relation to flour products, French bread,
sliced bread, and breadcrumbs have a lower
content than the estimated theoretical content.
The consumption of this type of food does not
provide significant amounts of iron to infants, but
it does to children older than 1 year. B
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