& frontiers | Frontiers in

ORIGINAL RESEARCH
published: 28 April 2022
doi: 10.3389/fnut.2022.857698

OPEN ACCESS

Edited by:

Florencia Cladera-Olivera,

Federal University of Rio Grande do
Sul, Brazil

Reviewed by:

Agostinho Almiro Almeida,

University of Porto, Portugal
Carmona Asuncion,

UMR5797 Laboratoire Physique des
deux Infinis Bordeaux (LP2iB), France

*Correspondence:
Carlos Adam Conte-Junior
conte@iq.ufrj.br

Specialty section:

This article was submitted to
Food Chemistry,

a section of the journal
Frontiers in Nutrition

Received: 19 January 2022
Accepted: 29 March 2022
Published: 28 April 2022

Citation:

Almeida CC, Baido DdS,

Rodrigues PdA, Saint’Pierre TD,
Hauser-Davis RA, Leandro KC,
Paschoalin VMF, Costa MPd and
Conte-Junior CA (2022)
Macrominerals and Trace Minerals in
Commercial Infant Formulas Marketed
in Brazil: Compliance With Established
Minimum and Maximum
Requirements, Label Statements, and
Estimated Daily Intake.

Front. Nutr. 9:857698.

doi: 10.3389/fnut.2022.857698

Check for
updates

Macrominerals and Trace Minerals in
Commercial Infant Formulas
Marketed in Brazil: Compliance With
Established Minimum and Maximum
Requirements, Label Statements,
and Estimated Daily Intake

Cristine Couto Almeida™%%“, Diego dos Santos Baido*, Paloma de Almeida Rodrigues?3*,
Tatiana Dillenburg Saint’Pierre®, Rachel Ann Hauser-Davis®, Katia Christina Leandro’,
Vania Margaret Flosi Paschoalin*”#, Marion Pereira da Costa®° and

Carlos Adam Conte-Junior"%3%47.8*

! Graduate Program in Sanitary Surveillance (PPGVS), National Institute of Health Quality Control (INCQS), Oswaldo Cruz
Foundation (FIOCRUZ), Rio de Janeiro, Brazil, > Center for Food Analysis (NAL), Technological Development Support
Laboratory (LADETEC), Federal University of Rio de Janeiro (UFRJ), Rio de Janeiro, Brazil, * Graduate Program in Veterinary
Hygiene (PPGHYV), Faculty of Veterinary Medicine, Fluminense Federal University (UFF), Niterdi, Brazil, * Laboratory of
Advanced Analysis in Biochemistry and Molecular Biology (LAABBM), Department of Biochemistry, Federal University of Rio
de Janeiro (UFRJ), Rio de Janeiro, Brazil, ® Departamento de Quimica, Pontificia Universidade Catdlica do Rio de Janeiro
(PUC-Rio), Rio de Janeiro, Brazil, ® Laboratory of Evaluation and Promotion of Environmental Health, Instituto Oswaldo Cruz,
Oswaldo Cruz Foundation (FIOCRUZ), Rio de Janeiro, Brazil, ” Graduate Studies in Food Science (PPGCAL), Institute of
Chemistry (IQ), Federal University of Rio de Janeiro (UFRJ), Rio de Janeiro, Brazil, ® Graduate Studies in Chemistry (PGQu),
Institute of Chemistry (IQ), Federal University of Rio de Janeiro (UFRJ), Rio de Janeiro, Brazil, ° Laboratory of Inspection and
Technology of Milk and Derivatives (LalTLacteos), School of Veterinary Medicine and Animal Science, Federal University of
Bahia (UFBA), Salvador, Brazil

Infant formulas are the main nutritional source for infants when breastfeeding is not
possible or recommended. The daily need for specific nutrients, such as essential
minerals, in early stages of a child’s life is high because of rapid infant growth and
development, which impose metabolic flux increases on these pathways to support
growth, physical activity, and defense against infections. In this context, this research
aimed to determine macromineral and trace mineral contents in starting (phase 1) and
follow-up (phase 2) infant formulas marketed in Brazil (n = 30) by inductively coupled
plasma-mass spectrometry, calculate estimated daily intakes, and compare them to
reference values regarding adequate intake and tolerable upper intake levels. The highest
concentrations of macrominerals were observed in Ca, K, P, and Na, and trace minerals
in Fe, Zn, Mn, and Cu. Certain homogeneity only to trace mineral contents was observed
when analyzing inter-batch values from same manufacturers. In general, all phase 1
and phase 2 infant formula brands and batches met or exceeded Fe, Zn, Cu, Mo, and
Se contents when compared to maximum limits established by Codex Alimentarius. In
addition, Zn contents in eight phase 1 and in four phase 2 infant formulas were above the
contents established by the tolerable upper intake level for children aged 0-6 and/or 7-12
months, respectively. These findings highlight the need to expand regular infant formula
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inspection concerning nutritional quality, as some composition aspects of these foods
must be improved to follow international guidelines, since ideal requirements for infant
formula composition, quality, and safety interfere in child development and adult health.

Keywords: supplementation, infant formula, macrominerals, ICP-MS, trace minerals

INTRODUCTION

Breast milk is indisputably the ideal food for infants due
to its specific nutritional characteristics and optimal nutrient
balance, being always available at the ideal temperature, and
protection from pathogen contamination, while also displaying
numerous immunological and psychological advantages in
reducing infant morbidity and mortality (1, 2). Because of
these, the World Health Organization (WHO), the United
Nations Children’s Fund (UNICEF), and the Brazilian Ministry
of Health (MS), as well as other entities, such as the European
Society of Gastroenterology, Hepatology and Pediatric Nutrition
(ESPGHAN), recommend exclusive breastfeeding up the 6th
month of life and complementation after the introduction of food
diversification for up to 2 years or more (3-6).

Breast milk, almost complete food and a primary nutrient
source for infants and children, is composed of water,
macronutrients such as fats, carbohydrates and proteins, and
micronutrients, including vitamins and minerals (7). The main
macrominerals and trace minerals in human breast milk are
Na, K, Cl, Ca, Mg, and P, and Fe, Zn, Cu, Mn, I, E Se, Cr,
Mo, and Co, respectively. The need for essential trace minerals
after childbirth is often greater than during the fetal period
because of the high activity of metabolic pathways involved in
growth, repair, and development, and in infection or hazardous
physiopathological condition defense (3, 4). Macrominerals and
trace minerals account for about 4% of total human body mass
and are extremely important during infant feeding, since each
mineral performs essential and specific physiological functions
(6, 8), and appropriate intake of several macrominerals and trace
minerals is crucial for child growth and development (9, 10).

Trace elements or microminerals, on the other hand, are
available at lower concentrations and make up <0.01% of human
body mass (11). These elements participate in several important
reactions in the human body. Both Ca and P, for example,
are required for skeletal development and bone mineralization
during the fetal development and postnatal periods (9, 12-14),
while Mg acts as a cofactor in enzymes responsible for several
metabolic activities, accounting for innate and acquired immune
responses, neuromuscular signaling and muscle contraction,
protein and nucleic acid metabolism and bone growth and plays
a role in maturation of lymphoid cells and tissues, as well as
several enzyme activities (12, 14). Mn is an essential nutrient
for skeletal structure, amino acid metabolism, and cholesterol
and carbohydrates synthesis, and acts as a cofactor in several
enzymes (15, 16). Although Mn deficiency contributes to one or
more clinical symptoms, as this element is involved in different
metabolic processes, its deficiency is not clearly associated with
inadequate food intake in healthy children (17). Fe is part of the
heme complex present in hemoglobin, myoglobin, cytochromes,

and other heme proteins essential for hematopoiesis transport,
storage, and oxygen use during childhood, and Fe imbalances
are known to impair growth and cognitive development (8,
18). Zinc is necessary for gastrointestinal digestion, neurological
development, structural enzyme maintenance and functions,
genic expression modulation, growth, and immunity (11, 18).
Although breast milk is the ideal food for infants, breastfeeding
is not always possible or recommended. In this case consumption
of infant formulas prepared in accordance with current Codex
Alimentarius standards to complement or replace breast milk is
the best alternative. Most commercialized infant formulas use
cow milk as the main basic raw material, since it is easy to obtain
and has a low cost compared to milk from other species (19-21).
The concentrations of most macro and trace minerals are higher
in cow milk than in breast milk, but availabilities are significantly
lower in cow milk than in breast milk (8). Thus, it appears
that the mineral concentrations of cow milk are not sufficient
to fulfill infant nutritional needs. Therefore, when compared
to human milk, infant formulas exhibit lower Fe availability,
mainly because these formulas contain higher caseins, which
bind cations, including Fe, through phosphoserine clusters. This
strong binding maintains Fe soluble at the alkaline gut pH
but prevents its release in a free form available for absorption
by the duodenal mucosa (22, 23). Thus, to compensate for
this low Fe bioavailability, high amounts of this element must
be added to infant formulas. However, when in excess, Fe
may saturate lactoferrin, decreasing the natural bacteriostatic
effect of this protein and allowing for opportunistic pathogen
proliferation, which may result in intestinal epithelium damage
and microscopic bleeding in sufficient amounts to cause iron-
deficiency anemia (24). Calcium, on the other hand, is better
absorbed from breast milk because of high Ca:P ratio compared
to cow milk. However, Ca from cow milk can form insoluble
soaps in the human intestinal lumen, causing obstructions (25,
26). The high P concentrations in cow milk determine its
preferential duodenal absorption, causing neonatal hypocalcemia
in human infants, a pathological condition more common among
infants fed with infant formulas (27, 28). As cow milk is not
suitable for children under 1 year of age, infant formulas must
undergo technological changes in their macro and micronutrient
composition to make them safer and better meet infant metabolic
activity requirements, avoiding nutrient limitations or excesses
and considering applicable formulation compositions for each
child development stage requirements (6, 29, 30).

Macro and trace mineral compositions and their potential
toxicological risks due to excess of certain minerals in infant
formulas have also been investigated (21, 31, 32) but to a lesser
extent. In most published reports, macro and trace mineral levels
of only a few elements were determined, and limited studies have
focused on major and trace mineral determination. Furthermore,
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macro and trace mineral compositions in those studies were not
evaluated in all available infant formula brands or were evaluated
in brands marketed only in the country where a study was
carried out.

Nutritional requirements to satisfy physiological functions
and prevent pathological conditions caused by mineral
deficiencies or may negatively affect children
when not attained, as in the case of Fe-deficiency anemia
and/or malnutrition, which significantly compromises child
development and growth (24). Considering that infant formulas
may be the only food source for infants, these trace nutrients
are of paramount importance, so their contents should be
regularly monitored in these products. Furthermore, despite
manufacturer attempts to mimic breast milk macro and trace
mineral compositions, these compounds do not display the same
availability as in breast milk and must, therefore, be corrected
according to availability results. In this context, this study aimed
to evaluate essential mineral contents in popular infant formula
brands marketed in Brazil for children aged 0-6 months, termed
starting or phase 1 formulas, and for children aged 6-12 months,
defined as follow-up or phase 2 formulas, assessing compliance
with levels proposed by the Codex Alimentarius (33) and
Brazilian standards (34, 35) and agreement with label statements.
In addition, we also assessed if the intake of these minerals is
adequate by comparing it to dietary reference intakes (DRIs).

€xcesses

MATERIALS AND METHODS

Sample Selection

The main brands available in different commercial
establishments in the city of Rio de Janeiro, Brazil were
selected. All products were registered by the Brazilian regulatory
agency ANVISA and were packaged in cans, labeled according
to manufacturer, and in powder form. Regarding composition,
the following inclusion criteria were employed: (1) all infant
formulas analyzed should be composed essentially of cow milk;
(2) unhydrolyzed cow milk proteins; (3) with lactose as the main
carbohydrate, and (4) supplemented with DHA and ARA for
children aged 0-6 months (phase 1 starting formulas) and for
children aged 6-12 months (phase 2 follow-up formulas). Infant
formulas containing protein sources other than cow milk, such
as soy or wheat protein, and infant formulas designed for specific
needs, such as lactose-free or hydrolyzed, were not included in
this study. Considering the products sold in the Brazilian market
that meet the inclusion criteria, 10 formulations produced by
three different manufacturers were evaluated. Thus, five phase 1
and five phase 2 formulas comprising three distinct batches of
each brand were selected, totaling 30 samples (N = 30). Because
of ethical reasons, manufacturers and brands are not disclosed,
and samples are coded, where brands are represented by two
capital letters, followed by the recommended phase (1 or 2), and
batches of each brand are identified using capital letters (A, B, or
C; Supplementary Table 1).

All the selected infant formulas are marketed in several
commercial establishments, conveniently available to be
purchased by consumers in the most populated part of the city of
Rio de Janeiro. Although no formal inquiry was performed, as the

selected formulas are commonly supplied in large supermarkets
in town, they are considered as in high demand by consumers
and were, thus, evaluated herein.

Reagents

All reagents were of analytical grade. Ultra-pure water (resistivity
> 18.2 MQ cm) was obtained from a Milli-Q® INTEGRAL
10 system (Millipore, MA, United States). Nitric acid (Vetec,
Rio de Janeiro, Brazil) was purified by sub-boiling followed
by distillation in a quartz still (Kirner Analysentechnik,
Rosenheim, Germany). The multi-element standard solution
Merck IV (Merck, Sao Paulo, Brazil), comprising 29 elements in
diluted nitric acid, was employed to prepare standard analytical
curves. Two reference materials, certified Skimmed Milk Powder
ERM®-BD150 (European Commission, Belgium) and Milk
Powder 1549 (NIST SRM, United States) were used to assess
method accuracy.

Sample Preparation and Mineral

Determination

Essential mineral concentrations were determined according
to de Oliveira et al. (36), following the US EPA method 6020B
employing inductively coupled plasma mass spectrometry
(ICP-MS). Briefly, about 100 mg of each sample were transferred
to sterile 15-ml screw-capped polypropylene tubes, and 1ml
of concentrated sub-boiled distilled nitric acid was added
to the mixture and left overnight at room temperature.
The following day, acid digestions were completed by
heating the samples at 100°C for ~4h. After cooling, the
samples were adequately diluted with Milli-Q water and
analyzed on a Nexlon 300X spectrometer (PerkinElmer, MA,
United States). Instrumental ICP-MS conditions are displayed in
Supplementary Table 2.

The certified reference materials (CRMs) Skimmed Milk
Powder ERM®-BD150 (EC, BEL) and Non-Fat Milk Powder
1549 (NIST SRM, United States) and a five-point calibration
curve ranging from 100 to 1,000 mg-L~! were used to assess
linearity. The respective correlation coefficients are in the
range 0.97-1. LOD (limit of detection) and LOQ (limit of
quantification) were determined for all minerals according to
the Brazilian National Institute of Metrology, Quality and
Technology—INMETRO (37), as LOD = 3 SD blank/slope of
the curve and LOQ = 10 SD blank/slope of the calibration
curve. The total content of each element in the infant formula
samples was calculated from three samples analyzed separately
by multi-element external calibration, converted, and expressed
as mg-100 g~ L.

Daily Intake Estimated From the

Consumption of Infant Formulas

The daily intake of minerals depends on both concentration
of the elements in food matrix and daily food consumption.
Estimated daily intake (EDI) is a concept introduced to
consider these factors. Therefore, we used the following
equation to estimate whether the macromineral and trace
mineral intakes of phase 1 and phase 2 infant formulas are
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adequate for infants from 0 to 6 months and 7 to 12 months
old, respectively:

EDI = Cyyx Cq (1)

where EDI represents the estimated daily intake of
macrominerals and trace minerals, expressed as mg per
day for all minerals; Cy, is the average concentration of each
element in the analyzed batches of infant formula determined
by ICP-MS expressed as mg-100g~! of formula powder; Cq is
the recommended daily consumption amount stated on the label
of each phase 1 and phase 2 infant formula (suggested amount
to be consumed expressed in grams per day). The approximate
consumption per day is described in Supplementary Table 3.

These estimated daily intakes were compared to the values of
dietary reference intake (DRI) recommended by the Institute of
Medicine (38). For infants 0-6 months old, all recommendations
are in the form of adequate intakes (Als) based on the
composition of human milk from healthy mothers. For the
second 6 months of life (ages 7-12 months), infants start a
mixed diet of human milk and solid foods. In this case, there are
no evidently different nutrient needs, except for some minerals,
such as Fe and Zn, which have relatively higher requirements.
An estimated average requirement (EAR) for Fe and Zn was
derived for this age group. Tolerable upper intake level (UL)
was calculated only for Fe, Zn, and Se, since an established UL
value for the other minerals has still has not been determined
(Supplementary Table 4). It is important to mention that this
estimate does not consider the fact that powdered infant formulas
must be reconstituted with drinking water (which also contains
minerals) prior to consumption.

Assessing Compliance

Compliance was verified by assessing infant formula labels to
verify if the declared values, as well as the ICP-MS-determined
values, were within the established criteria for macrominerals
and trace minerals by both the Brazilian legislation (34, 35) and
by the Codex Alimentarius (33), and whether the experimentally
obtained values were in accordance with what was stated on
the labels.

Statistical Analyses

Significant differences in infant formula macromineral and trace
mineral contents and their respective batches were assessed by
two-way analysis of variance (ANOVA) with repeated measures.
An additional post-hoc analysis (Bonferroni correction) was
performed when a significant F was found. Results were
considered significant when p < 0.05. Data were expressed as
means =+ standard deviations (SDs). All statistical analyses were
carried out using the GraphPad Prism software version 5 for
Windows® (GraphPad Software, CA, United States).

RESULTS
Method Accuracy and Precision

Since infant formulas are similar to milk powder, the accuracy
of the applied methodology was verified by analyzing Skimmed

Milk Powder ERM®-BD150 and Non-Fat Milk Powder 1549
CRM:s (results are shown in Table 1). The total concentrations
of the elements determined in the CRMs (experimental value)
were compared to the certified values. The recovery values
are adequate for all elements (Ca, Cu, Fe, K, Mg, Mo, Na,
P, Se, Zn, Mn, and I), as displayed in Table 1, ranging from
76 to 113%, showing in this way a good accuracy of the
methodology used in this study (39, 40). The LOD and LOQ
obtained for each determined micromineral are displayed in
Supplementary Table 5.

Content of Macrominerals and Trace

Minerals in Infant Formulas

Average macromineral (Ca, Mg, Na, K, and P) and trace mineral
(Fe, Zn, Cu, Cr, Mo, Se, I, Co, and Mn) contents in phase 1
and phase 2 formulas were highly variable for most minerals
(Table 2). No significant difference for trace minerals Co and
Mn (p < 0.01) among all the infant formulas was observed.
The highest trace mineral concentrations were observed for Fe,
followed by Zn, Mn, and Cu, while trace minerals detected at
lower concentrations comprised Co, followed by Cr, Mo, I, and
Se. The highest macrominerals concentrations were observed
for Ca, followed by K, P, and Na. In addition, comparing the
macrominerals in infant formulas, Mg presented the lowest
concentration. In general, samples ME2 and NN2 contained the
highest Ca, K, P, and Na concentrations, while NC1, DM1, and
DAL contained the lowest Ca, Na, K, P, and Mg concentrations.
Furthermore, no significant difference for Mg concentrations
was observed between samples NC1 and NC2, NN1 and NN2,
and DA1 and DA2, and for K concentrations in samples DA1
and DA2. Also, no significant difference in P concentrations was
observed between samples DA1 and DA2.

Macromineral and Trace Mineral Contents

in Batches of the Same Manufacturer

No inter-batches and brand differences were observed in almost
all the trace elements, except for Fe, Zn, and Cu, where
inter-batch and brand variations (Supplementary Table 6) were
observed. Concerning Fe contents, inter-batch variations were
observed in NN1, NC2, NN2, and DA2. Zn inter-batch variations
were seen in ME1, DA1, ME2, DM2, and DA2. Furthermore, for
Cu contents, inter-batch variations were observed in ME1, NN1,
and ME2. No differences in macromineral concentrations among
the three batches of the same manufacturer were noted for Ca in
ME?2 and NC2, Mg in DM2, Na in ME2 and NN2, K in DM1 and
NN2, and P in NN2, DM2, and DA2.

Macromineral and Trace Mineral Contents
Detected and Declared on Infant Formula
Labels

Compliance of detected macromineral and trace mineral
concentrations in the infant formulas, corresponding declared
label values, and the current legislation are displayed in Table 3.
Brands with the highest number of inadequacies were NN1,
DM1, NN2, DM2, and DA2, in which more than half of the
evaluated minerals had values with a discrepancy of +20% from
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TABLE 1 | Element content in the certified reference materials, expressed as mg-kg~" dry weigh, and the recovery (in %) calculated for each element.

Minerals Reference materials (mg-kg~')

Skimmed Milk Powder BD150

Milk Powder 1549

Experimental Reference Recovery Experimental Reference Recovery
Ca 12,506 + 428.2 13,900 =+ 800 90% 12,277 + 336 13,000 =+ 500 94.4%
Cu 1.2+05 1.08 £ 0.06 110% 0.72 £ 0.1 0.7 £0.1 103.2%
Fe 3.5+0.3 4.6 +£0.5 76% 1.87 £0.3 1.78 £ 0.1 105%
K 16,829 + 344 17,000 + 700 99% 17,335 + 230 16,900 + 300 102.6%
Mg 1,304 £ 26.4 1,260 + 100 103.5% 1,305 + 26.2 1,200 + 30 108.7%
Mo - 0.342 4+ 0.06 0.34 +£0.10 100.5%
Na 3,495.6 + 206 4,180 + 190 84% 4,149 + 82.5 4,970 + 100 83%
P 11,688 + 556.01 11,000 + 600 106% 11,429 £ 133 10,600 + 200 108%
Se 0.186 + 0.005 0.188 + 0.014 99.1% 0.105+ 0.5 0.11 £+ 0.01 95.5%
Zn 50.7 £ 2.1 44.8 +2.01 113% 50.3+ 2.7 461 +£2.2 109%
Mn 0.3 + 0.06 0.29 +0.018 90% 0.3+ 0.01 0.26 + 0.06 103%
| 1.69 £ 0.04 1.73+£0.14 97.5% 3.29 £ 0.03 3.38 £ 0.02 97.2%

the declared value on the labels. Concerning each mineral, Ca was
discrepant in ME1,NC1, NN1, and NN2; Mg in ME1, DM1, DA1,
DM2 and DA2; Na in DM1 and DM2; K in ME1, NCI, NNI1,
DM1, DA1, ME2, DM2, and DA2; P in NN1, NN2, and DA2;
Fe in NN1 and NN2; Zn in NC1, NN1, DM1, DA1, ME2, NC2,
NN2, and DA2; Cu in ME2, NN2, and DM2. Se and Mn were
20% above label values in all the infant formula brands, while
I was 20% lower than label values in all the brands (except for
DM2). Regarding the trace minerals Cr, Mo, and Co, Brazilian
legislation (34, 35) and the Codex Alimentarius (33) have not
yet defined minimum and maximum values for these elements,
which explains why the contents are not expressed on the labels,
making it impossible to assess conformity.

When the minimum and maximum or guidance upper level
contents recommended by current legislations were compared
with the detected macromineral and trace mineral concentrations
(Table 3), only Se concentrations in DM2 (0.02 mg'kcal ') and I
in ME1 (0.007 mgkcal™!), DM1 (0.007 mgkcal~!), DA1 (0.008
mg'kcal_l), and DA2 (0.006 mg'kcal_l) were not compliant
with recommendations.

Individual Mineral Daily Intake

Mineral daily intakes considering the reference values of the
Institute of Medicine (38) recommended for children aged 0-
6 (phase 1 infant formulas) and for children aged 7-12 months
(phase 2 infant formulas) are shown in Supplementary Table 7.
Mineral contents found in the infant formulas (expressed
in mg-100g!) are shown in Supplementary Table 6 and
are converted to mg-g~!. Then, the EDI of each mineral
content was calculated by considering the daily consumption
recommended by the manufacturers and included on the can
labels (Supplementary Table 3). The estimated average intake
of K (in the NCIA, NC1C, DM1A, DMI1B, DMIC, and
DAI1B samples), Cu (in the ME1C sample), and I (in all the
phase 1 infant formulas) calculated from the consumption
of the investigated formulas was lower than recommendation

values for AI (0-6 months). The average intake of Ca (282.9-
514.7 mg-day '), K (365.7-522.5 mg-day '), and P (219.1-
372.8 mg-day~!) was highest when compared with the other
determined macrominerals of the phase 1 infant formulas. The
highest average intake macrominerals observed in the phase 2
infant formulas were the same as that in the phase 1 infant
formulas. Furthermore, the estimated average intake of Mg (in
ME2B, ME2C, NN2A, NN2B, NN2C, DM2A, DM2B, DM2C,
DA2A, DA2B, and DA2C), Na (in all the samples), K (in NC2A,
NC2B, NN2A, NN2B, NN2C, DM2A, DM2B, DM2C, DA2A,
DA2B, and DA2C), Cu (in ME2C), and I and Mn (in all the phase
2 infant formulas) was lower than recommendation values for
AI/EAR (7-12 months).

Despite being essential at low concentrations, trace minerals,
such as Fe, Zn, and Se, can be harmful when daily intakes exceed
recommendations. Figure 1 displays the mean daily intake values
calculated for Fe, Zn, and Se in all the formula brands and the UL
recommended intakes for these elements for children aged from
0 to 12 months. Regarding Fe concentrations, neither the phase
1 nor the phase 2 infant formulas exceeded the tolerable limit
of 40 mg-day~!. However, Zn concentrations in half of phase 1
and in four phase 2 infant formulas exceeded the tolerable limit
of 4 mg-day~! (0-6 months) and 5 mg-day~! (7-12 months),
respectively. The same results were noted for Se, where two
phase 1 and three phase 2 infant formulas exceed the tolerable
limit of 0.045 mg-day~! (0-6 months) and 0.06 mg-day~! (7-
12 months).

DISCUSSION

Despite growing evidence on benefits of breastfeeding on health,
psychosocial, and societal aspects, current breastfeeding rates
worldwide are far from optimal (41). Health-compromised
mothers using medication incompatible with breastfeeding or for
reasons related to the baby’s health, such as infants younger than
6 months old who are lactose-intolerant or display inadequate
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3.495 +£ 0.159°¢ 0.312 4+ 0.0115¢ 0.032 £ 0.007%° 0.007 + 0.008° 0.042 £ 0.011>° 0.051 + 0.005>¢ 0.001 & 0.0012 0.279 + 0.018°

6.982 £ 0.413°

211.7 £5.1° 4959 £35.3°° 351.8 +7.1°

180.3 & 11.6¢
2719+ 5.12

61.4+1.0%
58.4 +1.3°

NC2 545.1 + 12.5°

4,307 +0.351% 0.368 + 0.040*° 0.024 + 0.008° 0.010 & 0.001® 0.026 + 0.011° 0.062 + 0.005° 0.001 + 0.001? 0.379 + 0.015%
0.068 + 0.0042

5.517 + 0.995%¢
6.751 + 0.444°

256.4 + 13.19¢ 6.204 £ 0.6220¢

346.8 £+ 4.1°

240.4 £+ 8.1°
364.2 + 25,709 240.9 4+ 28.89¢

379.9 + 31.3%4

359.0 + 36.8¢
NN2 558.1 £ 25.5%° 59.4 + 1.0*°

DM1 383.3 4 14.9¢

NN1

0.001 + 0.001? 0.333 £ 0.026°
0.001 + 0.001* 0.308 + 0.007%

0.315 £ 0.022°¢ 0.031 £ 0.005° 0.013 & 0.005° 0.026 + 0.011°¢

0.311 + 0.004°¢
0.215 + 0.012¢

3.704 £0.171°

380.9 + 5.5%

500.9 + 6.6°

0.038 + 0.003¢

0.024 + 0.006% 0.040 + 0.005°°

0.029 + 0.0012

0.024 + 0.002°

2.942 +0.170¢
4.264 + 1.160%°

331.7 £5.2°
427.6 + 53.8°

141.9 £7.4°
183.6 + 28.1°4

39.0 + 1.4
43.1 +£0.2¢
324 £29°9
31.6+ 1.89

0.048 £ 0.004>° 0.001 4+ 0.0012 0.287 & 0.0042
0.011 +0.003° 0.033 + 0.011>° 0.040 + 0.006°¢ 0.001 4 0.0012 0.325 + 0.021?

0.099 + 0.0412

0.042 + 0.0042

8.310 + 0.214?

DM2 501.6 + 22.0°

3.072 +£0.325°¢  0.271 +0.085° 0.023 + 0.003°

6.058 + 0.183¢

147.0 £ 10.1¢
178.0 + 28.4¢

405.4 + 33.3¢

DA2 487.7 +35.0°

DA1

0.001 + 0.001* 0.286 =+ 0.005%

251.0+3.29¢ 7.604 &+ 1.079%° 3.787 £ 0.154° 0.257 £ 0.029° 0.030 + 0.004° 0.025 £ 0.006° 0.040 & 0.002° 0.028 =+ 0.003°

417.2 £ 47.4°

Data refer to three average batches from each brand of infant formulas marketed in Brazil. Each sample was analyzed in quintuplicate, and data are reported as means + SD. Different superscript letters in the same column indicate

significant differences among the IFs at a significance level of p < 0.01. IFs, infant formulas.

growth, breastfeeding cannot be performed. In this case, infant
formulas formulated from cow milk or milk from other animals
and mixed or not with other liquid ingredients, or reconstituted
powders have proven suitable for human infant feeding (19-
21). Furthermore, infant formulas have been frequently used
recently, as mothers have been discouraged to breastfeed because
of concerns regarding toxins found in the body that are often
transferred to babies through lactation (42) or due to demands
regarding work or school, life circumstances such as difficult
home situations, and social problems with breastfeeding in
public. However, even when there is no obstacle to breastfeeding,
most infants are fed with some infant formula despite the strong
endorsement of breastfeeding by the American Academy of
Pediatrics (29). Despite manufacturer attempts to mimic breast
milk nutritional compositions, these compounds may do not
display the same availability as breast milk, and in this context,
macromineral and trace mineral contents from the most popular
infant formulas in Rio de Janeiro, southeastern Brazil, were
evaluated herein.

Concerning the detected macrominerals, Ca contents were
highest, followed by K, P, and Na. Regarding trace minerals,
highest concentrations were observed for Fe, followed by Zn,
Mn, and Cu. Macromineral and trace minerals contents were
similar to those reported by Ikema et al. (43), of 385 £ 34.8,
344 + 53.1, and 398 + 71.1 pg-ml~! Ca; 169 + 17.1, 184 +
44.6, and 192 + 459 ug~ml_1 Na; 8.49 + 1.21, 6.27 £ 2.36,
and 9.3 £ 0.46 pg-ml~! Fe; 3.49 £ 0.28, 3.21 & 0.89, and 3.66
+ 0.79 pvg~m171 Zn; 0.41 £ 0.06, 0.4 £ 0.14, and 0.49 £ 0.09
ig-ml~! Cu; 0.06 +0.02,0.068 = 0.024, and 0.09 + 0.04 pg-ml~*
Mn contents in milk-based powder infant formulas marketed
in Nigeria, the United Kingdom, and the United States. The
authors did not, however, evaluate K and P contents. In another
assessment, Lesniewicz et al. (21) reported Ca (ranging from 279
to 703 mg-100g~1), P (ranging from 190 to 539 mg-100g~"), Fe
(ranging from 3.5 to 7.4 mg-100g~!), Zn (ranging from 1.6 to
12 mg-100g~!) Cu (ranging from 0.068 to 0.502 mg-100g~}),
and Mn (ranging from 0.026 to 0.374 mg-100g™!) as the most
abundant macrominerals in milk-based powder infant formulas
marketed in Poland and Spain. These authors did not, however,
evaluate Na, K, Cu, and Mo contents. Furthermore, our results
are similar to those reported by Moreno-Rojas et al. (7) who
indicated Ca (478.9 =+ 80.3 mgoIOOg_l), K (7106 £+ 1374
mg-100g~1), P (294.1 £ 57.1 mg-100g~ '), and Na (153.4 + 43.6
mg-100g™!) as the most abundant macrominerals, and Fe (6.98
+ 3.04 mg-100g™!) and Zn (3.19 & 0.86 mg-100g ') as the most
abundant trace minerals.

Furthermore, all macrominerals and trace minerals contents
found in infant formulas were higher than those found
in human milk, whereas those for Mn (0.317 mg-100g~"
and 0.0007 mg-100g™!, respectively) were even higher
(Supplementary Table 4). The composition of milk from
different species varies according to the biological needs of each
species (44). Thus, for infants, human milk is more suitable than
cow milk. Although cow milk and human milk contain a similar
percentage of water, the relative amounts of carbohydrates,
proteins, fats, vitamins, and minerals vary significantly between
them. Regarding macrominerals, Ca content can be an excellent
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TABLE 3 | Contents of macrominerals and trace elements expressed as mg-100 kcal~" estimated in phase 1 and phase 2 infant formulas marketed in Brazil, contents are declared on their respective label and the
minimum (Min.) and maximum (Max.) or guidance upper levels (GUL), as appropriate, recommended by the current legislation.

Minerals Phase 1 infant formulas (mg-100 kcal~")
Standard values ME1 NC1 NN1 DM1 DA1

Min. Max. GUL Label Estimated Label Estimated Label Estimated Label Estimated Label Estimated
Ca 50 - 140 92 73.4* 63.4 49.5* 110.7 72.2* 79.1 75.5 94.0 83.8
Mg 5 - 15 121 9.6* 1.7 1.3 11.9 11.8 11.6 7.7 12.2 6.7*
Na 20 60 - 30 29.4 25.7 23.4 33.2 36.3 37.4 27.9* 35.7 30.4
K 60 180 - 104 81.7* 95.0 65.2* 116.7 76.4* 96.9 65.3* 99.4 75.2*
P 25 - 100 53 60.9 33.7 36.7 62.4 48.4* 49.6 50.5 57.2 49.8
Fe 0.45 1.3 - 1 1.1 1.1 1.1 1.6 1.1 1.2 1.2 1.3 1.3
Zn 0.5 - 1.5 0.720 0.700 1.100 0.792* 1.200 0.865* 0.800 0.579* 0.900 0.640*
Cu 0.035 - 0.120 0.063 0.062 0.079 0.079 0.072 0.080 0.063 0.061 0.068 0.056
Cr NS NS NS NS 0.006 NS 0.005 NS 0.005 NS 0.005 NS 0.005
Mo NS NS NS NS 0.007 NS 0.002 NS 0.002 NS 0.005 NS 0.002
Se 0.001 - 0.009 0.002 0.004** 0.003 0.006** 0.003 0.004** 0.002 0.008** 0.004 0.007**
| 0.010 - 0.060 0.016 0.007* 0.024 0.011* 0.024 0.012* 0.015 0.007* 0.022 0.008*
Co NS NS NS NS. 0.0002 NS 0.0002 NS 0.0002 NS 0.0002 NS 0.0002
Mn 0.001 - 0.100 0.013 0.103** 0.022 0.059** 0.022 0.080** 0.010 0.061** 0.018 0.062**
Minerals Phase 2 infant formulas (mg-100 kcal~")

Standard values ME2 NC2 NN2 DM2 DA2

Min. Max. GUL Label Estimated Label Estimated Label Estimated Label Estimated Label Estimated
Ca 50 = 140 118 119.6 120 115 80.5 118.2** 114.7 103.9 120.1 106.7
Mg 5 - 15 12 10.6 n.d. 13 125 12.6 12.2 8.9 12.9 6.9
Na 20 60 - 45 48.9 44.3 44.7 50.8 57.6 49.7 38.0" 40.7 38.9
K 60 180 - 152 116.1* 126.6 104.6 132.4 106 133 88.5" 130.4 91.3*
P 25 = 100 64 73.4 69.6 74.2 44.5 80.7** 70.4 71.8 70 54.9*
Fe 0.9 2.0 - 1.6 1.4 1.6 1.5 1.2 1.4 1.8 1.7 1.8 1.7
zn 0.5 - 1.5 0.800 0.592* 1.100 0.738* 1.200 0.784* 1.000 0.882 1.100 0.832*
Cu 0.035 - 0.120 0.075 0.041* 0.076 0.063 0.085 0.064* 0.064 0.043* 0.067 0.057
Cr NS NS NS n.d. 0.007 n.d. 0.007 n.d. 0.007 n.d. 0.009 n.d. 0.007
Mo NS NS NS n.d. 0.006 n.d. 0.001 n.d. 0.003 n.d. 0.006 n.d. 0.005
Se 0.001 - 0.009 0.002 0.006** 0.002 0.007** 0.002 0.005** 0.003 0.020** 0.003 0.009**
| 0.010 - 0.060 0.020 0.010* 0.027 0.011* 0.032 0.014* 0.002 0.010** 0.019 0.006*
Co NS NS NS n.d. 0.0012 n.d. 0.0014 n.d. 0.0014 n.d. 0.0012 n.d. 0.0010
Mn 0.001 - 0.100 0.015 0.061** 0.010 0.063** 0.013 0.064** 0.011 0.060** 0.013 0.066**

All values were converted to milligrams and are expressed in 100 kcal (mg-100 kcal~"). The amount of carbohydrates and proteins expressed in grams was multiplied by 4 and the amount of lipids was multiplied by 9 to obtain calorie
values (in kcal). After summing the total caloric values (corresponding 100 g of product), the macromineral and trace element results were calculated by 100 g of product and corrected to 100 kcal. Data followed by the (*) symbol indicate
concentrations that are 20% below the content declared on the label, whereas the (**) symbol indicate concentrations above 20% the declared content. NS, not specified. Guidance upper levels (GULs) are for nutrients without sufficient
information for a science-based risk assessment and are derived based on nutritional requirements of infants and an established history of apparently safe use. Minerals contents in infant formulas should not exceed GULs. Sources:
CODEX, 2007 (33); BRASIL, 2011a (34); BRASIL, 2011b (35).
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FIGURE 1 | Daily intake values calculated for Fe, Zn, and Se of phase 1 and phase 2 infant formulas and their upper tolerable intakes for children aged from O to 12
months. Upper tolerable intake values according to current international legislation are shown in Supplementary Table 4. The daily intake values of Fe, Zn, and Se
come from Supplementary Table 7. IFs, infant formulas; UL, upper tolerable level intakes.
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example of individual needs, comparing calves and human
babies, since in cow milk, Ca content (107-133 mg-100g~})
reaches almost four times higher than in human milk (22-41
mg-100g™1), to fulfill the needs of calves that grow much faster
and require more Ca to support growth (25, 26). However, the
lower content of Ca in human milk is compensated by higher
absorption rate when compared with cow milk. As stated by the
Committee on Nutrition, the available data demonstrate that
the bioavailability of Ca from human milk is greater than infant
formula, increasing from 38%, as observed in formulas, to 58% in
breast milk (45). Therefore, in an effort to solve this discrepancy,
manufacturers add calcium with higher concentration in infant
formulas to ensure Ca retention at least at comparable levels
of Ca absorption (46). Although data on Ca toxicity in the 0-
to 12-month age group are limited, it is known that high Ca
intake in young children may increase the risk of Zn and Fe
deficiencies, as Ca can reduce the absorption of these minerals
(45). Other minerals, such as Na, K, and P, in cow milk have
high renal solute loading when compared to human milk; excess
unabsorbed solutes from diet have to be excreted in urine and
may overload immature kidneys, forcing them to eliminate water
from the body and, thus, increasing the risk of dehydration (47).
In contrast to excess of some minerals, cow milk contains low
concentrations of Fe, reinforcing why cow milk is considered
unsuitable for children under 1 year of age (48, 49). In fact, a child
younger than 6 months trying to reach the Fe recommended
nutrient intake (EAR: 6.9 mg-day~!) would have to consume a
significant extra amount of cow milk per day. Therefore, because
of high and low concentrations of some minerals in cow milk,
infant formula manufacturers try to adjust the concentrations to
resemble breast milk and better meet child nutritional needs.
Ensuring homogeneity of nutrients present in the final
product of different batches of the same brand is one of the
fundamental characteristics for the nutritional quality of infant
formulas. The nutritional content of a product is expected
to maintain the same known nutritional standard, since, in
many cases, these formulas are the only food offered to infants
several times throughout the day, and exorbitant nutritional
differences can lead to inappropriate child development (30,
32, 33). Certain homogeneity of trace mineral contents was
observed when individually analyzing inter-batch values from
the same manufacturers. Samples ME1C, NC1C, NN1C, NC2B,
and NN2A were the only ones in which the mineral Se was
not detected, with a value below the LOQ of 0.0015 mg-100g~!.
However, macromineral contents varied among the batches of
infant formulas from the same manufacturer for Ca in all the
phase 1 infant formula brands and in NN2, DM2, and DA2;
Mg among batches in all the phase 1 infant formula brands
and in ME2, NC2, NN2, and DA2; Na among batches in all the
phase 1 infant formulas brands and in NC2, DM2, and DA2; K
among batches from brands ME1, NC1, NN1, DA1, NC2, DA1,
ME2, NC2, DM2, and DA2; P among batches in all the phase
1 infant formulas brands and ME2 and NC2. An explanation
for this difference may be the fact that the composition of milk,
regardless of species, does not have exactly the same macro and
micronutrient contents, as composition may vary according to
different factors. In the case of infant formulas made from cow

milk, variations in macromineral and trace mineral compositions
may have been influenced by breed, lactation period, or diet of the
animal (50), as well as by the processing conditions, purification
method (membrane filtration vs. ion exchange), and thermal
processing of infant formulas (50, 51).

Many companies that produce infant formulas add minerals
to these products at concentrations higher than those present in
breast milk to compensate for their lower availability, which in
a way concerns the reliability of the nutrient values declared on
the labels of these foods (33). The greatest differences observed
in relation to the obtained and declared values on the labels
were noted for Ca (except for DM1, DAL, ME2, NC2, NN2,
DM2, and DA2), K (except for NC2 and NN2), Zn (except
for ME1 and DM2), and I (except for DM2), with these being
present at <20% of the declared value, while Se and Mn were
present at a concentration 20% over the declared contents in all
the brands of phase 1 and phase 2 infant formulas. Regarding
comparison of the obtained results with standard values, it was
noted that brand NC1 presented a Ca value (49.5 mg-100 kcal™!)
lower than the recommended limit (50-140 mg-100 keal™1).
Furthermore, brands ME1, DM1, DA1, and DA2 presented an
I value (0.007, 0.007, 0.008, and 0.006 mg-100 kcal™!) lower than
the recommended limit (0.01-0.06 mg-100 kcal 1), respectively.
The Se value detected in the DM2 brand (0.02 mg or 20 pg-100
keal =) was 222% above the guidance upper levels (GUL) of 0.009
mg-100 kcal L. The excess Se observed in this sample reflects the
value observed in the calculation of the daily intake, in which
Se content was shown to be above the established tolerable limit.
Furthermore, a higher value than the maximum tolerable intake
level was noted when calculating the daily intake for Se and
comparing it with the reference value (33-35). Considering a
tolerance of 20% between the value declared on the labels and
the ones experimentally obtained, in general, all brands contained
only six minerals within the tolerance limits established by the
Brazil, RDC, n° 360, from December 23, 2003 (52).

Furthermore, exposure to high Mn contents of infants who
consumed infant formulas has recently been associated with
adverse neurodevelopmental effects (53, 54). Considering Se
contents, only the DM2 samples were above the maximum limit
established in the legislation. The adverse effects caused by excess
of Se are not yet well-documented. Evidence suggests that Se
fortification at higher doses in infant formulas is safe, since it is
estimated that Se intake of over 0.13, 0.16 mg-day ! may trigger a
toxic response in a 6-kg child. However, there is no experimental
evidence of increased sensitivity to toxicity at younger ages. It
is argued that inorganic forms of Se as sodium selenite can be
more toxic than organic forms, selenomethionine, or Se-enriched
yeast (55).

Some macrominerals and trace minerals do not have
maximum recommendation values. In this case, GULs for
nutrients without sufficient information for a science-based risk
assessment are used. These levels are values derived on the basis
of meeting nutritional requirements of infants and an established
history of apparent safe use (33). They may be adjusted based
on relevant scientific or technological progress. The purpose of
GULSs is to provide guidance to manufacturers, and they should
not be interpreted as goal values (34). Nutrient contents in infant
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formulas should usually not exceed GULs unless higher nutrient
levels cannot be avoided because of high or variable contents
in constituents of infant formulas, or because of technological
reasons. When a product type or form ordinarily contains levels
lower than GULs, manufacturers should not increase levels of
nutrients to approach GULs (33-35).

Infancy and early childhood are characterized by a very high
growth rate, requiring a balanced diet rich in nutrients. Minerals
and trace minerals are essential for biological processes, playing
a vital role in normal growth and development (11). Minerals
are involved in many important physiological functions, such
as enzymatic reactions, bone mineralization, and cell and lipid
protection in biological membranes, stimulating rapid growth
and development. Low mineral bioavailability and intake may
lead to deficiencies (21, 24, 31). Even if a child is breastfed for
the first 6 months of life, complementary feeding is necessary
after this period, and it is very important that these industrially
produced foods, which are an important part of the diet of
many young children, contain sufficient amounts if minerals,
as infant feeding from birth up to the 1st years of life may
influence an individual’s entire future life (56). The World Health
Organization (WHO) has made recommendations regarding
daily mineral intake for infants and young children (19). The
nutritional requirements for minerals should fulfill physiological
functions and prevent deficiency symptoms (38). Dietary intake
reference (DRI) values have been established to aid in dietary
planning and to assess whether the intake of a particular nutrient
meets the requirements of individuals or populations. When
calculating the mineral intake resulting from infant formula
consumption, in addition to the mineral concentration in infant
formulas, the frequency of consumption of a child from 0 to
6 months or 7 to 12 months of age should also be considered.
The result of this calculation is then compared to the EAR, Al
and/or UL used as dietary intake targets to be reached for healthy
individuals (38). For children under 1 year of age, Al values are
used instead of EAR values. However, in the case of Fe and Zn,
for a child aged 7-12 months, the use of EARs is recommended,
since this is a phase of greater demand for these minerals (57, 58).

This study verified whether consumption of infant formulas
would meet or exceed the AI or EAR (Fe and Zn) for
macrominerals and trace minerals analyzed. Comparing the
EDI resulting from the consumption of the formulas with the
reference values recommended by the Institute of Medicine (38),
we identified that all the phase 1 infant formula brands and
batches met or exceeded Ca, Mg, Na, P, Fe, Zn, Cu (except for
MEIC), Cr, Mo, Se, and MN contents, and that all the phase 2
infant formula brands and batches met or exceeded Ca, P, Fe, Zn,
Cu (except for ME2C), Cr, Mo, and Se contents when compared
to the recommended values for the respective age groups.
However, it was identified that all the brands and their phase 1
and 2 batches had I content below the recommended value for 0-
6 months and for 7-12 months. Also, in all the phase 2 formula
brands and batches, Na and Mn contents were below the 370 and
0.6 mg-day~! recommendations (7-12 months), respectively.
Furthermore, infant formulas NC1A, NC1C, DM1A, DM1B,
DMI1C, DA1B, NC2A, NC2B, NN2A, NN2B, NN2C, DM2A,
DM2B, DM2C, DA2A, DA2B, and DA2C presented K contents

below the Al recommendation (400 mg-day~! for 0-6 months
and 700 mg-day~! for 7-12 months). Breast milk is capable
of adequately nourishing children in the first 6 months of life;
therefore, phase 1 infant formulas must be nutritionally similar
to breast milk to meet the biochemical and physiological needs
of a developing child (59). However, there is no such concern
with phase 2 infant formulas, since from that period of 6 months
onward, breastfeeding or intake of infant formula should be
complemented with other foods to meet the nutritional needs
of children and prevent malnutrition, nutritional deficiencies,
and even childhood morbidity and mortality (60). Therefore, it
should be considered that even if some trace element contents
in phase 2 infant formulas are below the recommendation
(AI or EAR), children in this age group are receiving macro-
and micronutrients from other food sources that could supply
infant needs.

As observed and mentioned above, the values of K and
I essential trace minerals were found to be below the
recommended values for most phase 1 infant formulas. The
mineral I is essential in the metabolism of thyroid hormones
(thyroxine and triiodothyronine) and helps regulate basal energy
metabolism and reproduction. A deficiency of I can cause severe
and irreversible mental retardation, deaf-muteness, congenital
anomalies, as well as the most visible clinical manifestation, such
as an enlarged thyroid gland, forming a goiter (61). Furthermore,
K is the main intracellular cation. Its deficiency can influence the
transmission of nerve impulses, which harms the maintenance
of blood pressure and the control of skeletal muscle contraction
(8). Therefore, considering that when breastfeeding cannot be
performed and infant formulas are the only food source offered to
infants aged 0-6 months, and that nutritional requirements of the
diet during the infant’s initial phase are highest, an inadequacy
in the composition of macrominerals and trace minerals can
negatively impact infant health.

On the other hand, some minerals can pose potential health
hazards when consumed above the UL for an extended period of
time. Excess of some minerals, such as Fe, Zn, and Se, can cause
adverse health effects (10, 62, 63). To establish the maximum
tolerable limit, UL, the highest value of daily intake of a nutrient
that apparently does not result in adverse health effects, was used,
supposing that if intake exceeds this limit, it should be considered
a potential risk for adverse effects. Although the UL index has not
yet been established for all macronutrients and trace minerals, or
for the age groups considered herein, it is worth noting that the
lack of UL does not mean that the risk of adverse effects does not
exist from high mineral ingestion. The UL has been established
for Fe, Zn, and Se (64), so the daily intakes for these elements
were calculated. In this study, Fe estimated intake did not exceed
the upper tolerable limit of 40 mg-day~! in both the phase 1 and
phase 2 formulas. However, Zn exceeded the established UL in
phase 1 (in ME1A, NC1A, NC1B, NC1C, NN1A, NN1B, NNIC,
and DAI1C) and phase 2 (in DM2A, DA2A, DA2B, and DA2C)
infant formulas of 4 and 5 mg-day !, respectively. In addition, Se
exceeded the established UL in phase 1 (in DM1C and DA1B) and
phase 2 (in DM2A, DM2B, and DM2C) infant formulas of 0.045
and 0.06 mg-day~!, respectively. Long-term Zn intake over the
optimal concentration can interfere in the metabolism of other
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trace minerals, such as Cu, reducing their absorption and causing
anemia, in addition to affecting the immune system (65). In fact,
decreased Cu uptake appears to be associated with high Zn intake
(66, 67). The most common clinical features observed in humans
concerning Se overexposure are hair loss, structural alterations
of hair and nail keratin, and impaired skin development. In
addition to these disorders, symptoms such as jaundice and
gastrointestinal disorders were also observed (67, 68). However, it
is important to note that none of these symptoms were observed
or reported in early childhood.

Recommendations concerning infant formula composition
refer to total nutrient contents as prepared ready for
consumption according to the manufacturer’s instructions.
These generally inform consumers about the amount of powder
and drinking water needed to reconstitute infant formula. The
mineral intake by infants who consume infant formulas may be
influenced by other factors not directly linked to actual product
composition, as mineral concentrations in drinking water
necessary to reconstitute the powder are not considered (69, 70).
As a result, the concentrations of minerals in drinking water
may significantly contribute to total macro and trace mineral
infant intake. This is particularly applicable to formula-fed
infants during the 1st months of life, which may be the most
vulnerable group affected by excessive nutrient or contaminant
concentrations in drinking water (71). The analytical results
obtained in this study refer only to the analysis of infant
formula prepared under standardized laboratory conditions with
ultrapure water (resistivity > 18.2 M2 cm), i.e., only the value
determined directly on the powdered infant formulas. More
representative studies on the actual mineral concentration in
infants who consume infant formula would need to exclude or
minimize the potential influences of different types of drinking
water used in reconstitution. These studies would have to,
however, be carried out using a standardized water supply or a
ready-made liquid infant formula.

CONCLUSION

In this study, the content of five macrominerals and nine
trace minerals was determined in five phase 1 and five
phase 2 powder infant formula samples from Brazil. Our
findings indicate a certain homogeneity of trace mineral
contents in inter-batch values from the same manufacturers.
However, in some of the phase 1 and phase 2 infant formula
samples, the content of Se was not detected because of
values below the LOQ. The Ca, Mg, Na, K, and P contents
varied among batches of the phase 1 and phase 2 infant
formulas from the same manufacturer, and this could
be attributed to variations in quality of raw materials,
different manufacturing practices, finished products, and
packaging containers.

Some macromineral and trace mineral contents presented
values <20% of the declared value on labels, mainly in the
phase 1 infant formulas. Furthermore, inadequacy regarding
the maximum and minimum values established in the current

legislation was only observed for I mainly in the phase 1
infant formulas.

Nutritional contents of all the phase 1 and phase 2 infant
formula brands and batches were found to be lower than the
Al or EAR values for the elements I in phase 1 and phase
2 infant formulas, and Na and Mn in the phase 2 infant
formulas. In addition, elements K and Mg presented a value
below the AI recommendation in almost all the phase 1 and
phase 2 infant formula brands and batches. Infants fed with bottle
formulations with low contents of essential elements may suffer
from nutritional deficiencies and consequent health problems.

Despite numerous attempts by manufacturers, as well as
specialists in the field of infant nutrition, to mimic breast milk
composition and performance and the advances in technological
processing experienced in the last years, which have made infant
formulas safer and better for feeding children under the age of
1 year old, infant formulas still display marked differences in
nutritional quality when compared to breast milk. Furthermore,
the inter-batch differences detected herein indicate that the
minerals in every batch are not strictly controlled. Although
several public health bodies and agencies are responsible for
developing standards for the formulation of infant foods, some
aspects of their composition should be reevaluated and improved
to follow current international legislation guidelines, as the ideal
requirements for infant formula composition, quality, and safety
must be followed carefully because of the major impact on
adulthood population health linked to poor childhood nutrition
or obesity.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

Written informed consent was not obtained from the minor(s)’
legal guardian/next of kin for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

CCA and PR carried out the experiments, interpreted
the data, investigated previous studies for discussion,
and drafted the manuscript with support from DB and
RH-D. TS, MC, KL, VP, and CC-]J supervised the project
and critically reviewed and corrected the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

The authors are thankful for the financial support provided
by Funda¢io de Amparo a Pesquisa do Estado do Rio de
Janeiro (FAPER]) Brazil, process numbers [E-26/203.049/2017

Frontiers in Nutrition | www.frontiersin.org

11

April 2022 | Volume 9 | Article 857698


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Almeida et al.

Macrominerals and Trace Minerals in Infant Formulas

and E-26/200.891/2021] and FAPER], PDR-10, process number
[E-26/202.254/2018], Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPq), process number [311422/2016-

0],

and Coordenagdo de Aperfeicoamento de Pessoal de Nivel

Superior (CAPES) Brazil, finance code 001.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

. Martin CR, Ling PR, Blackburn GL. Review of infant

feeding:
key features of breast milk and infant formula. Nutrients. (2016)
8:279. doi: 10.3390/nu8050279

. Boquien CY. Human milk: an ideal food for nutrition of preterm newborn.

Front Pediatr. (2018) 6:295. doi: 10.3389/fped.2018.00295

. World Health Organization. International Baby Food Action Network. Infant

Feeding: The Physiological Basis. Geneva: World Health Organization (1994).
p. 17-35. Available online at: http://www.ibfan.org.br/documentos/ibfan/doc-
288.pdf (accessed February 3, 2022).

. World Health Organization. World Health Organization and United Nations

Children’s Fund: Global Strategy for Infant and Young Children. Geneva:
World Health Organization (2003). Available online at: https://apps.who.int/
iris/bitstream/handle/10665/42590/9241562218.pdf?sequence=1  (accessed
November 20, 2021).

. Agostoni C, Braegger C, Decse T, Kolacek S, Koletzko B, Michaelsen

the
Nutr.

ESPGHAN
(2009)

KE et al. Breast-feedingg a commentary by
Committee on Nutrition. ] Pediatr Gastroenterol
49:112-25. doi: 10.1097/MPG.0b013e31819f1e05

. Brazilian Ministry of Health, Brazilian Society of Pediatrics. Position of

the Brazilian Society of Pediatrics in relation to the Food Guide of the
Ministry of Health. Brazil: Brazilian Ministry of Health (2019). Available
online at: https://www.sbp.com.br/fileadmin/user_upload/ALIMENTACAO_
COMPLEMENTAR_MS.pdf (accessed November 20, 2021).

. Moreno-Rojas R, Canal-Ruiz C, Amaro-Lépez MA, Cimara-Martos F.

Probabilistic assessment of the intake of mineral and trace elements by
consumption of infant formulas and processed cereal-based food in Spain.
CyTA ] Food. (2015) 13:243-52. doi: 10.1080/19476337.2014.946094

. Guo M. Human Milk Biochemistry and Infant Formula Manufacturing

Technology. 1 ed. Cambridge: Elsevier (2014). doi: 10.1533/9780857099150.1

. Stravik M, Gustin K, Barman M, Skroder H, Sandin A, Wold AE,

et al. Infant iodine and selenium status in relation to maternal status
and diet during pregnancy and lactation. Front Nutr. (2021) 8:1-
17. doi: 10.3389/fnut.2021.733602

Mele R, Gellein K, Evje L, Syversen T. Minerais e oligoelementos
em alimentos infantis comerciais. Food Chem Toxicol. (2008) 46:3339-
42. doi: 10.1016/j.£ct.2008.08.007

Mehri A. Trace elements in human nutrition (II) - an update. Int | Prev Med.
(2020) 11:2. doi: 10.4103/ijpvm.IJPVM_48_19

Keikha M, Bahreynian M, Saleki M, Kelishadi R. Macro-
micronutrients of human milk composition: are they related to maternal
diet? A comprehensive systematic review. Breastfeed Med. (2017)
12:517-27. doi: 10.1089/bfm.2017.0048

Hampel D, Dror DK, Allen LH. Micronutrients in human milk: analytical
methods. Adv Nutr. (2018) 9:3135—31S. doi: 10.1093/advances/nmy017
Donovan SM, German JB, Lonnerdal, B, Lucas A. Human Milk: Composition,
Clinical Benefits and Future Opportunities. Nestlé Nutr Inst Workshop Ser.
Nestlé Nutrition Institute. Switzerland/S: Karger A G., Basel (2019). p. 93—
101. doi: 10.1159/000490298

Keen CL, Ensunsa JL, Watson MH, Baly DL, Donovan SM, Monaco MH, et al.
Nutritional aspects of manganese from experimental studies. Neurotoxicology.
(1999) 20:213-23.

Bae YJ, Choi MK. The estimated daily manganese intake of Korean children
aged 11-12. Nutr Res Pract. (2011) 5:548-52. doi: 10.4162/nrp.2011.5.6.548
Saracoglu S, Saygi KO, Uluozlu OD, Tuzen M, Soylak M. Determination
of trace element contents of baby foods from Turkey. Food Chem. (2007)
105:280-5. doi: 10.1016/j.foodchem.2006.11.022

and

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.
857698/ full#supplementary-material

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Aumeistere L, Ciprovic¢a I, Zavadska D, Bavrins K, Borisova A. Zinc content

in breast milk and its association with maternal diet. Nutrients. (2018)
10:1438. doi: 10.3390/nu10101438

. World Health Organization. Infant and Young Child Feeding: Model Chapter

for Textbooks for Medical Students and Allied Health Professionals. Geneva:
World Health Organization (2009). Available online at: https://apps.who.int/
iris/bitstream/handle/10665/44117/9789241597494_eng.pdf?sequence=1&
isAllowed=y

Marin AH, Neves CV. A impossibilidade de
diferentes contextos. Barbaréi - Revista do departamento de ciéncias
humanas e do departamento de psicologia. (2013) 1:198-214.
doi: 10.17058/barbaroi.v0i38.2037

Lesniewicz A, Wroz A, Wojcik A, Zyrnicki W. Mineral and nutritional
analysis of polish infant formulas. ] Food Compos Anal. (2010) 23:424-
31. doi: 10.1016/}.jfca.2010.02.005

Jackson LS, Lee K. The effect of dairy products on iron availability. Crit Rev
Food Sci Nutr. (1992) 31:259-70. doi: 10.1080/10408399209527573

Pérés JM, Bouhallab S, Bureau F, Neuville D, Maubois JL, Devroede G, et
al. Mechanisms of absorption of caseinophosphopeptide bound iron. J Nutr
Biochem. (1999) 10:215-22. doi: 10.1016/S0955-2863(98)00101-6

Rosa L, Cutone A, Lepanto MS, Paesano R, Valenti P. Lactoferrin: a natural
glycoprotein involved in iron and inflammatory homeostasis. Int ] Mol Sci.
(2017) 18:1985. doi: 10.3390/ijms18091985

Abrams SA, Atkinson AS. Calcium, magnesium, phosphorus and vitamin
D fortification of complementary foods. J Nutrition. (2003) 133:2994-
9. doi: 10.1093/jn/133.9.2994S

Bass JK, Chan GM. Calcium nutrition and metabolism during infancy. Nutr J.
(2006) 22:1057-66. doi: 10.1016/j.nut.2006.05.014

amamentar em

Chinoy A, Mughal MZ, Padidela R. Metabolic bone disease of
prematurity: causes, recognition, prevention, treatment andlong-
term  consequences. Arch Dis Child Fetal Neonatal. (2019)

104:F560-6. doi: 10.1136/archdischild-2018-316330

Faienza MF, D’Amato E, Natale MP, Grano M, Chiarito M, Brunetti G, et
al. Metabolic bone disease of prematurity: diagnosis and management. Front
Pediatr. (2019) 7:143. doi: 10.3389/fped.2019.00143

American Academy of Pediatrics. Breastfeeding and the use of human milk.
Pediatrics. (2012) 129:e827-41. doi: 10.1542/peds.2011-3552

Almeida CC, Mendonga Pereira BE, Leandro KC, Costa MP, Spisso BE, Conte-
Junior CA. Bioactive compounds in infant formula and their effects on infant
nutrition and health: a systematic literature review. Int J Food Sci. (2021)
14:8850080. doi: 10.1155/2021/8850080

Chen KL, Jiang S]. Determination of calcium, iron and zinc in milk powder
by reaction cell inductively coupled plasma mass spectrometry. Anal Chimica
Acta. (2002) 470:223-8. doi: 10.1016/S0003-2670(02)00768-7

Hua KM, Kay M, Indyk HE. Nutritional element analysis in
infant formulas by direct dispersion and inductively coupled
plasma-optical ~ emission  spectrometry.  Food  Chem.  (2000)

68:463-70. doi: 10.1016/S0308-8146(99)00222-8

World Health Organization/Food and Agriculture Organization of the United
Nations. Codex Alimentarius Commission (International Food Standards).
Standards for Infant Formulas and Formulas for Special Medical Purposes
Intended for Infants: Codex Stan 72-1981 (Revised 2007). Geneva: World
Health Organization (2007). Available online at: https://www.fao.org/
fao-who-codexalimentarius/sh- proxy/es/?Ink=1&url=https%253A%252F
%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS
%2B72-1981%252FCXS_072e.pdf (accessed November 15, 2021).

Ministry of Health of Brazil. Brazilian Health Regulatory Agency. RDC
n° 43, of September 19, 201la: Provides for the Technical Regulation

Frontiers in Nutrition | www.frontiersin.org

April 2022 | Volume 9 | Article 857698


https://www.frontiersin.org/articles/10.3389/fnut.2022.857698/full#supplementary-material
https://doi.org/10.3390/nu8050279
https://doi.org/10.3389/fped.2018.00295
http://www.ibfan.org.br/documentos/ibfan/doc-288.pdf
http://www.ibfan.org.br/documentos/ibfan/doc-288.pdf
https://apps.who.int/iris/bitstream/handle/10665/42590/9241562218.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42590/9241562218.pdf?sequence=1
https://doi.org/10.1097/MPG.0b013e31819f1e05
https://www.sbp.com.br/fileadmin/user_upload/ALIMENTACAO_COMPLEMENTAR_MS.pdf
https://www.sbp.com.br/fileadmin/user_upload/ALIMENTACAO_COMPLEMENTAR_MS.pdf
https://doi.org/10.1080/19476337.2014.946094
https://doi.org/10.1533/9780857099150.1
https://doi.org/10.3389/fnut.2021.733602
https://doi.org/10.1016/j.fct.2008.08.007
https://doi.org/10.4103/ijpvm.IJPVM_48_19
https://doi.org/10.1089/bfm.2017.0048
https://doi.org/10.1093/advances/nmy017
https://doi.org/10.1159/000490298
https://doi.org/10.4162/nrp.2011.5.6.548
https://doi.org/10.1016/j.foodchem.2006.11.022
https://doi.org/10.3390/nu10101438
https://apps.who.int/iris/bitstream/handle/10665/44117/9789241597494_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/44117/9789241597494_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/44117/9789241597494_eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.17058/barbaroi.v0i38.2037
https://doi.org/10.1016/j.jfca.2010.02.005
https://doi.org/10.1080/10408399209527573
https://doi.org/10.1016/S0955-2863(98)00101-6
https://doi.org/10.3390/ijms18091985
https://doi.org/10.1093/jn/133.9.2994S
https://doi.org/10.1016/j.nut.2006.05.014
https://doi.org/10.1136/archdischild-2018-316330
https://doi.org/10.3389/fped.2019.00143
https://doi.org/10.1542/peds.2011-3552
https://doi.org/10.1155/2021/8850080
https://doi.org/10.1016/S0003-2670(02)00768-7
https://doi.org/10.1016/S0308-8146(99)00222-8
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B72-1981%252FCXS_072e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B72-1981%252FCXS_072e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B72-1981%252FCXS_072e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B72-1981%252FCXS_072e.pdf
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Almeida et al.

Macrominerals and Trace Minerals in Infant Formulas

for Infant Formulas for Infants. Brasilia: Ministry of Health of Brazil 53. Frisbie SH, Mitchell EJ, Roudeau S, Domart F Carmona A, Ortega R.
(2011). Available online at: http://www.ibfan.org.br/site/wp- content/uploads/ Manganese levels in infant formula and young child nutritional beverages in
2014/06/Resolucao_RDC_n_43_de_19_de_setembro_de_2011.pdf (accessed the United States and France: comparison to breast milk and regulations. PLoS
November 20, 2021). ONE. (2019) 14:€0223636. doi: 10.1371/journal.pone.0223636

35. Ministry of Health of Brazil. Brazilian Health Regulatory Agency. RDC n° 44, 54. Mitchell EJ, Frisbie SH, Roudeau S, Carmona A, Ortega R. How
of September 19, 2011b: Provides for the Technical Regulation for Follow-Up much manganese is safe for infants? A review of the scientific basis
Infant Formulas for Infants and Young Children. Brasilia: Ministry of Health of intake guidelines and regulations relevant to the manganese
of Brazil (2011). Available online at: http://www.ibfan.org.br/site/wp- content/ content of infant formulas. ] Trace Elements Med Biol. (2021)
uploads/2014/06/Resolucao_RDC_n_44_de_19_de_setembro_de_2011.pdf 65:126710. doi: 10.1016/j.jtemb.2020.126710
(accessed November 20, 2021). 55. Lonnerdal B, Vargas-Fernandez E, Whitacre M. Selenium fortification of

36. de Oliveira AGL, Rocha RCC, Saint'’Pierre TD, Hauser-Davis RA, Mello- infant formulas: does selenium form matter? Food Funct J. (2017) 8:3856-
Silva CC, Santos CP. Elemental contamination in brown mussels (Perna 68. doi: 10.1039/C7FO00746A
perna) marketed in Southeastern Brazil. Biol Trace Elem Res. (2022) 200:402— 56. Monte CM, Giugliani ER. Recommendations for the complementary feeding
12. doi: 10.1007/s12011-021-02644-y of the breastfed child. J Pediatr. (2004) 80:S131-41. doi: 10.2223/JPED.1245

37. National Institute of Metrology Standardization and Industrial Quality, 57. Bargellini A, Venturelli F, Casali E, Ferrari A, Marchesi I, Borella P. Trace
Brazilian National Institute of Metrology, Quality and Technology. Guidance elements in starter infant formula: dietary intake and safety assessment. ESPR.
on Validation of Analytical Methods: Guidance Document (DOQ-CGCRE- (2018) 25:2035-44. doi: 10.1007/s11356-016-8290-9
008). Brasilia: National Institute of Metrology Standardization and Industrial 58. International Life Sciences Institute do Brazil. Dynamics of the Composition
Quality (2016). Available online at: http://www.inmetro.gov.br/Sidoq/ of Human Milk and Its Clinical Implications. Brasilia: International Life
Arquivos/Cgcre/DOQ/DOQ-Cgcre-8_05.pdf (accessed November 20, 2021). Sciences Institute do Brasil (2018). Available online at: https://ilsibrasil.

38. Institute of Medicine. Dietary Reference Intakes. The Essential Guide to org/publication/dinamica-da- composicao-do-leite-humano-e- suas-
Nutrient Requirements. Washington, DC: Institute of Medicine (2006). implicacoes-clinicas/ (accessed November 20, 2021).

Available online at: https://www.nal.usda.gov/sites/default/files/fnic_uploads/ 59. ACC/SCN/World Health Organization. 4th Report - The World Nutrition
DRIEssentialGuideNutReq.pdf (accessed November 22, 2021). Situation: Nutrition throughout the Life Cycle. Geneva: ACC/SCN in

39. Magnusson B, Ornemark U. Eurachem Guide: The Fitness for Purpose of Collaboration With IFPRI (2000). Available online at: https://www.unscn.org/
Analytical Methods - A Laboratory Guide to Method Validation and Related web/archives_resources/files/rwns4.pdf (accessed November 19, 2021).
Topics. 2nd ed. Available online at: www.eurachem.org (accessed December 1, 60. Daelmans B, Martines ], Saadeh R. Conclusions of the global
2021). consultation on complementary feeding. Food Nutr Bull. (2003)

40. IshakI, Rosli FD, Mohamed J, Ismail MFM. Comparison of digestion methods 24:126-9. doi: 10.1177/156482650302400107
for the determination of trace elements and heavy metals in human hair and 61. Trumbo P, Yates AA, Schlicker S, Poos M. Dietary reference intakes: vitamin
nails. Malaysian ] Med Sci. (2015) 22:11-20. A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese,

41. Guttman N, Zimmerman DR. Low-income mothers’ views on breastfeeding. molybdenum, nickel, silicon, vanadium, and zinc. ] Am Diet Assoc. (2001)
Soc Sci Med. (2000) 50:1457-14573. doi: 10.1016/S0277-9536(99)00387-1 101:294-301. doi: 10.1016/S0002-8223(01)00078-5

42. Rollins NC, Bhandari N, Hajeebhoy N, Horton S, Lutter CK, Martines JC, et al. 62. U.S. Department of Agriculture and U.S. Department of Health and
Why invest, and what it will take to improve breastfeeding practices? Lancet. Human Services. Dietary Guidelines for Americans, 2020-2025 9th Edition.
(2016) 387:491-504. doi: 10.1016/S0140-6736(15)01044-2 Washington: U.S. Department of Agriculture and U.S. Department of

43. Tkema A, Nwankwoala A, Odueyungbo S, Nyavor K, Egiebor Health and Human Services (2020). Available online at: https://www.
N. Levels of 26 elements in infant formula from USA, UK, and dietaryguidelines.gov/sites/default/files/2020- 12/Dietary_Guidelines_for_
Nigeria by microwave digestion and ICP-OES. Food Chem. (2002) Americans_2020-2025.pdf (accessed November 20, 2021).

77:439-47. doi: 10.1016/S0308-8146(01)00378-8 63. Koletzko B, Akerblom H, Dodds P, Ashwell M. Early nutrition and its

44. Zamberlin S, Antunac N, Havranek J, SamarZija D. Mineral elements in later consequences: new opportunities. Adv Exp Med Biol. (2005) 569:1-
milk and dairy products. Mljekarstvo. (2012) 62:111-25. Availalble online at: 12. doi: 10.1007/1-4020-3535-7_1
https://hrcak.srce.hr/83327 64. Osredkar ], Sustar N. Copper and zinc, biological role and

45. Institute of Medicine, Food and Nutrition Board. Dietary Reference Intakes for significance  of copper/zinc imbalance. ] Clin  Toxicol. (2011)
Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride. Washington, DC: $3:1-18. doi: 10.4172/2161-0495.53-001
Institute of Medicine (1997). 65. Macédo EMC, Amorim MAF, Silva ACS, Castro CMMB. Efeitos

46. Greer FR. Optimizing bone health and calcium intakes of infants, children, da deficiéncia de cobre, zinco e magnésio sobre o sistema imune
and adolescents. Pediatrics. (2006) 1172:578-85. doi: 10.1542/peds.2005-2822 de criangas com desnutrigio grave. Rev Paul Pediatr. (2010)

47. Ziegler E. Adverse effects of cow’s milk in infants. Nestle nutrition workshop 28:329-36. doi: 10.1590/50103-05822010000300012
series. Pediatric Progr. (2007) 60:185-96. doi: 10.1159/000106369 66. Concha G, Eneroth H, Hallstrom H, Sand S. Contaminants and Minerals in

48. Food and Agriculture Organization of the United Nations. Milk Dairy Foods for Infants and Young Children. Rapport 1 - Part 2: Risk and Benefit
Products in Human Nutrition. FAO: Rome (2013). Available online at: https:// Assessment. Sweden: National Food Agency (2013). Available online at:
www.fao.org/3/i3396e/i3396e.pdf (accessed January 10, 2022). https://www livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/

49. Kazal LA. Prevention of iron deficiency in infants and toddlers. Am Acad Fam 2013/2103_livsmedelsverket_1_part_2_contaminants_and_minerals_in_
Physicians. (2022) 66:1217-24. Available online at: https://www.aafp.org/afp/ foods_for_infants_and_young_children_risk_and_benefit_assessment.pdf
2002/1001/p1217.html 67. Levander O. Selenium requirements as discussed in the 1996 joint

50. Walstra P, Wouters JTM, Geurts T]. Dairy Science and Technology. FAO/IAEA/WHO expert consultation on trace elements in human nutrition.
2 ed. New York, NY: Taylor & Francis Group (2006). p. Biomed Environ Sci. (1997) 10:214-9.

166-7. doi: 10.1201/9781420028010 68. Institute of Medicine. Panel on Dietary Antioxidants and Related

51. Onwulata CI, Konstance RP, Tomasula PM. Minimizing variations in Compounds. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium,
functionality of whey protein concentrates from different sources. and Carotenoids. Washington: Institute of Medicine (2000). Available online
J  Dairy Sci. (2004) 87:749-56. doi: 10.3168/jds.S0022-0302(04) at: https://www.nal.usda.gov/sites/default/files/fnic_uploads//Ch5_51-62.pdf
73218-X (accessed March 3, 2022).

52. Ministry of Health of Brazil, Brazilian Health Regulatory Agency. Technical 69. World Health Organization. Nutrients in Drinking Water. Nutrient Minerals
Regulation on Nutritional Labeling of Packaged Foods, making labeling in Drinking Water: Implications for the Nutrition of Infants and Young
mandatory. Brasilia: Ministry of Health of Brazil (2003). p. 10. Available Children. Geneva: World Health Organization (2005) p.164-175. Available
online at: https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2003/res0360_ online at: https://www.who.int/water_sanitation_health/dwq/nutrientsindw.
23_12_2003.html#:~:text=nutricional%2C%20conforme%20Anexo.-,Art., pdf (accessed March 3, 2022).
para%20se%20adequarem%20%C3%A0%20mesma (accessed January 12, 70. European Commission, Scientific Committee on Food. Report of the Scientific
2022). Committee on Food on the Revision of Essential Requirements of Infant

Frontiers in Nutrition | www.frontiersin.org 13 April 2022 | Volume 9 | Article 857698


http://www.ibfan.org.br/site/wp-content/uploads/2014/06/Resolucao_RDC_n_43_de_19_de_setembro_de_2011.pdf
http://www.ibfan.org.br/site/wp-content/uploads/2014/06/Resolucao_RDC_n_43_de_19_de_setembro_de_2011.pdf
http://www.ibfan.org.br/site/wp-content/uploads/2014/06/Resolucao_RDC_n_44_de_19_de_setembro_de_2011.pdf
http://www.ibfan.org.br/site/wp-content/uploads/2014/06/Resolucao_RDC_n_44_de_19_de_setembro_de_2011.pdf
https://doi.org/10.1007/s12011-021-02644-y
http://www.inmetro.gov.br/Sidoq/Arquivos/Cgcre/DOQ/DOQ-Cgcre-8_05.pdf
http://www.inmetro.gov.br/Sidoq/Arquivos/Cgcre/DOQ/DOQ-Cgcre-8_05.pdf
https://www.nal.usda.gov/sites/default/files/fnic_uploads/DRIEssentialGuideNutReq.pdf
https://www.nal.usda.gov/sites/default/files/fnic_uploads/DRIEssentialGuideNutReq.pdf
http://www.eurachem.org
https://doi.org/10.1016/S0277-9536(99)00387-1
https://doi.org/10.1016/S0140-6736(15)01044-2
https://doi.org/10.1016/S0308-8146(01)00378-8
https://hrcak.srce.hr/83327
https://doi.org/10.1542/peds.2005-2822
https://doi.org/10.1159/000106369
https://www.fao.org/3/i3396e/i3396e.pdf
https://www.fao.org/3/i3396e/i3396e.pdf
https://www.aafp.org/afp/2002/1001/p1217.html
https://www.aafp.org/afp/2002/1001/p1217.html
https://doi.org/10.1201/9781420028010
https://doi.org/10.3168/jds.S0022-0302(04)73218-X
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2003/res0360_23_12_2003.html#:~:text=nutricional%2C%20conforme%20Anexo.-,Art.,para%20se%20adequarem%20%C3%A0%20mesma
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2003/res0360_23_12_2003.html#:~:text=nutricional%2C%20conforme%20Anexo.-,Art.,para%20se%20adequarem%20%C3%A0%20mesma
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2003/res0360_23_12_2003.html#:~:text=nutricional%2C%20conforme%20Anexo.-,Art.,para%20se%20adequarem%20%C3%A0%20mesma
https://doi.org/10.1371/journal.pone.0223636
https://doi.org/10.1016/j.jtemb.2020.126710
https://doi.org/10.1039/C7FO00746A
https://doi.org/10.2223/JPED.1245
https://doi.org/10.1007/s11356-016-8290-9
https://ilsibrasil.org/publication/dinamica-da-composicao-do-leite-humano-e-suas-implicacoes-clinicas/
https://ilsibrasil.org/publication/dinamica-da-composicao-do-leite-humano-e-suas-implicacoes-clinicas/
https://ilsibrasil.org/publication/dinamica-da-composicao-do-leite-humano-e-suas-implicacoes-clinicas/
https://www.unscn.org/web/archives_resources/files/rwns4.pdf
https://www.unscn.org/web/archives_resources/files/rwns4.pdf
https://doi.org/10.1177/156482650302400107
https://doi.org/10.1016/S0002-8223(01)00078-5
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://doi.org/10.1007/1-4020-3535-7_1
https://doi.org/10.4172/2161-0495.S3-001
https://doi.org/10.1590/S0103-05822010000300012
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/2013/2103_livsmedelsverket_1_part_2_contaminants_and_minerals_in_foods_for_infants_and_young_children_risk_and_benefit_assessment.pdf
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/2013/2103_livsmedelsverket_1_part_2_contaminants_and_minerals_in_foods_for_infants_and_young_children_risk_and_benefit_assessment.pdf
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/rapporter/2013/2103_livsmedelsverket_1_part_2_contaminants_and_minerals_in_foods_for_infants_and_young_children_risk_and_benefit_assessment.pdf
https://www.nal.usda.gov/sites/default/files/fnic_uploads//Ch5_51-62.pdf
https://www.who.int/water_sanitation_health/dwq/nutrientsindw.pdf
https://www.who.int/water_sanitation_health/dwq/nutrientsindw.pdf
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Almeida et al.

Macrominerals and Trace Minerals in Infant Formulas

Formulae and Follow-on Formulae. European Union: European commission
(2003). Available online at: https://ec.europa.eu/food/system/files/2016-10/
labelling_nutrition-special_groups_food-children-out199_en.pdf (accessed
March 3, 2022).

Institute of Medicine. Dietary Reference Intakes for Water, Potassium,
Sodium, Chloride, and Sulphate. Washington, DC: The National
Academies Press (2003). Available online at: https://www.nal.usda.gov/
sites/default/files/fnic_uploads/water_full_report.pdf (accessed March 3,
2022).

71.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Almeida, Baido, Rodrigues, Saint Pierre, Hauser-Davis, Leandro,
Paschoalin, Costa and Conte-Junior. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Nutrition | www.frontiersin.org

14

April 2022 | Volume 9 | Article 857698


https://ec.europa.eu/food/system/files/2016-10/labelling_nutrition-special_groups_food-children-out199_en.pdf
https://ec.europa.eu/food/system/files/2016-10/labelling_nutrition-special_groups_food-children-out199_en.pdf
https://www.nal.usda.gov/sites/default/files/fnic_uploads/water_full_report.pdf
https://www.nal.usda.gov/sites/default/files/fnic_uploads/water_full_report.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Macrominerals and Trace Minerals in Commercial Infant Formulas Marketed in Brazil: Compliance With Established Minimum and Maximum Requirements, Label Statements, and Estimated Daily Intake
	Introduction
	Materials and Methods
	Sample Selection
	Reagents
	Sample Preparation and Mineral Determination
	Daily Intake Estimated From the Consumption of Infant Formulas
	Assessing Compliance
	Statistical Analyses

	Results
	Method Accuracy and Precision
	Content of Macrominerals and Trace Minerals in Infant Formulas
	Macromineral and Trace Mineral Contents in Batches of the Same Manufacturer
	Macromineral and Trace Mineral Contents Detected and Declared on Infant Formula Labels
	Individual Mineral Daily Intake

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


