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a b s t r a c t

The mineral composition and bioaccessible fraction of different types of infant formula and milk
samples were evaluated. Mineral content was higher in the infant formula than in the milk samples by
162, 63, 37 and 2-fold for Fe, Cu, Mn and Zn, respectively. The mineral bioaccessibility in milk products
was found to be influenced by both the total content and the type of processing (pasteurised, powdered
or UHT). For milk-based formulas, the addition of a prebiotic generally improved the dialysability of K,
Fe, Mg, Cu and Zn, whereas the enzymatically hydrolysed protein had no effect on the bioaccessibility of
most of the elements. Infant formulas containing soy protein showed results for dialysability similar to
those for formulas containing whey protein. In general, infant formula results indicated that the high
mineral absorption could be related to the protein type, presence of prebiotics and mineral
concentrations.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Breast milk is considered the ideal form of nutrition for babies
up to six months of age, being a source of balanced nutrients and
bioactive compounds for the growth and adequate development of
the child. However, when breastfeeding is not adequate, possible or
desirable, infant formula (IF) is the ideal nutritional alternative, and
undoubtedly more adequate than the consumption of cows' milk
(Vieira da Silva, Mattanna, Bizzi, Richards, & Barin, 2013; Zou,
Pande, & Akoh, 2016). The nutritional safety and adequacy of an
IF is important for the growth and development of the infant.
Although the composition of IFs is being evolved to better
approximate that of breast milk, some disparities still exist be-
tween breastfed infants and those fed on IF (Donovan, 2019; FAO/
WHO, 2016).

To approximate breast milk, the composition of IFs are elabo-
rated and classified according to the age range of the infant, the
main classes being 0e6 months, 6e12 months and 0e12 months.
gano).
There is also an IF category for specific therapeutic dietary needs
(BRASIL, 2011a,b; EC, 2006). It is fundamental to determine the
total contents of nutrients present in IF to guarantee the quality of
the product according to the regulations. However, knowing only
the total nutrient concentrations in the food is not sufficient to
determine if the food adequately attends to the nutritional needs. It
is also important to know the fraction effectively available for ab-
sorption (Do Nascimento da Silva, Leme, Cidade, & Cadore, 2013);
bioaccessibility studies are a well-known tool that allows estima-
tion of their absorption (Minekus et al., 2014).

Bioaccessibility is defined as the fraction of the element that is
liberated from the foodmatrix after ingestion and solubilised in the
intestinal lumen and intestinal tract, and this can be determined by
in vitro solubility and dialysability trials (Barciela-Alonso &
Bermejo-Barrera, 2015). Due to the extremely complex nature of
the human gastrointestinal tract, the ability to recreate all its
functions in one in vitro model is limited. Despite their limitations,
in vitro digestion models are recognised alternatives to in vivo
trials, with no ethical restrictions, providing precise results in a
short time period (Hur, Lim, Decker, & McClements, 2011; M�enard
et al., 2018).

Because of the lack of comprehensive information about the
bioaccessibility of micronutrients in infant foods, effort is required
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Table 1
Identification and information on the label (front panel and main ingredients) of the
infant formula (IF; n ¼ 18) and milk (n ¼ 9) samples.a

Sample Labelling front panel: main ingredients

FA1-BR IF for infants with prebiotics: demineralised whey;
lactose; skimmed milk; galacto-oligosaccharides
(prebiotics)

FA1-CH Initial IF in powder form with Fe: whey, skimmed milk;
lactose; ascorbic acid

FB1-BR IF for infants: skimmed milk powder; lactose; whey
protein concentrate; hydrolysed whey protein

FC1-BR IF for infants: lactose; skimmed milk powder; whey
protein concentrate

FD1-BR/SOY Soy based IF for infants: maltodextrin; soy protein
FD1-NZ Premium IF: milk solids; galacto-oligosaccharides

(prebiotics); powdered omega; LCPUFAs
FA2-BR/SOY Soy-based IF for infants and follow-up: maltodextrin;

soy isolate protein
FA2-PT Milk for infants; hypoallergenic: lactose; enzymatically

hydrolysed whey proteins; Lactobacillus reuteri culture
(DSM17938)

FA2-NZ Starter premium IF: lactose (milk); enzymatically
hydrolysed whey proteins; culture (Bifidus)

FB2-BR IF for infants and follow up: maltodextrin; lactose;
partially hydrolysed whey protein; ascorbic acid

FB2-USA IF with Fe: skimmed milk; lactose; whey protein
concentrate; galacto-oligosaccharides (prebiotics)

FC2-BR IF for infants and follow up destined for specific diet-
therapy: corn syrup solids; partially hydrolysed
skimmed milk and whey proteins

FC2-USA IF based on powdered milk with Fe: skimmed milk;
lactose; whey protein concentrate; galacto-
oligosaccharides (prebiotics)

FD2-BR IF for infants and follow up and children in their early
childhood: partially hydrolysed whey protein
concentrate; galacto-oligosaccharides (prebiotics);
lactose

FA3-BR IF for the follow up of infants; prebiotics: demineralised
whey; lactose; skimmed milk; galacto-oligosaccharides
(prebiotics)

FB3-BR IF for the follow up of infants: skimmed milk; lactose;
whey protein concentrate

FC3-BR IF for the follow up of infants: skimmed milk powder;
lactose

FD3-BR/SOY Soy based IF for infants and follow up and children in
their early childhood: maltodextrin; soy protein

LA-PO Instant whole milk powder - rich in Fe, Zn &Ca: whole
milk; CaCO3; Fe4(P2O7)3; ZnSO4; sodium ascorbate;
cholecalciferol

LE-PO Instant whole milk powder; þFe: whole milk; Vitamins
A, C & D; Fe

LF-PO Instant whole milk powder: whole milk
LA-UHT Whole UHT milk - rich in Fe, Zn: whole milk; ascorbic

acid; Fe4(P2O7)3; ZnSO4; cholecalciferol
LF-UHT Whole UHT milk: whole milk; sodium monophosphate,

sodium diphosphate and sodium citrate
LJ-UHT Whole UHT milk: whole milk; sodium triphosphate,

monophosphate, diphosphate and sodium citrate
LG-PAS Type A pasteurised whole milk
LH-PAS Homogenised type A pasteurised whole milk
LI-PAS Type A pasteurised whole milk

a Sample coding is as follows: first letter indicates infant formula (F) or milk (L);
second letter, brand; numerals, age range; letters after hyphen, country of origin
(BR, Brazil; CH, Chile; PT, Portugal; NZ, new Zealand; USA, united States of America)
for infant formula or type of process (PAS, pasteurised; PO, powder; UHT, ultra high
temperature) for milk; SOY after slash, soy protein-based infant formula. Milk
samples presented a consumption recommendation in label (children over one year
of age).
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to understand the influence of the various ingredients on the
nutrient absorption from these foods (Shani-Levi et al., 2017). Thus
the objectives of the present study were to determine the total
contents of Ca, Cu, Fe, K, Mg, Mn, Na, P and Zn in IF samples
destined for infants in the 0e6, 0e12 and 6e12 months old age
ranges and in whole milk samples (pasteurised, powdered and
UHT), and to evaluate the influence of the ingredients on the
bioaccessibility of these elements (soluble and dialysable
fractions).

2. Material and methods

2.1. Equipment

An acid extraction was first carried out in an ultrasonic bath
(model Easy 180H, Elma, Singen, Germany) and minerals were
quantified using an inductively coupled plasma optical emission
spectrophotometer (ICP OES 5100VDV, Agilent Technologies,
Tokyo, Japan). The ICP OES operating conditions were as follows:
power 1.2 kW; argon flow rates of 12, 1.0, and 0.7 L min�1 for
plasma, auxiliary, and nebuliser, respectively. Selected emission
lines were: Ca, 317.933; Na, 589.592; P, 213.618; Cu, 324.754; Fe,
259.940; Mn, 257.610; Zn, 206.200; K 766.491 and Mg,
279.553 nm. The linear ranges were 0.2e5 mg 100 mL�1 for Ca, Na
and P; 0.5e200 mg 100 mL�1 for Cu, Fe, Mn and Zn; 0.2e10 mg
100 mL�1 for K and 0.2e2 mg 100 mL�1 for Mg. A Dubnoff type
water bath (Nova T�ecnica, Piracicaba, Brazil), a pH meter equipped
with a selective electrode (Ohaus, Parsippany, NJ, USA) and a
refrigerated centrifuge (Eppendorf, Hamburg, Germany) were
used for the bioaccessibility trials. Water used for solutions and
samples was purified in a reverse osmosis system (Gehaka, S~ao
Paulo, Brazil).

2.2. Reagents and solutions

Nitric acid purified using a sub-boiling system (Distillacid, Ber-
ghof, Eningen, Germany); 30% hydrogen peroxide (v/v); 37% hy-
drochloric acid (Merck, Darmstadt, Germany); sodium bicarbonate,
swine gastric mucous pepsin (250 U mg�1), swine pancreas
pancreatin (8 times the USP specifications), bovine and poultry bile
salts and dialysis bags with porosity of 25 Å and cut-off of 12,000 Da
(SigmaeAldrich, St. Louis, MO, USA) were used. The enzyme solu-
tions were prepared immediately before use (Fioravanti, Milani, de
Paiva, & Morgano, 2020).

Analytical curves were prepared by successive dilutions of
certified standards: multi-element 1000 mg L�1 solution (Cu, Fe,
Mn and Zn) and 10,000 mg L�1 solution of P (Specsol, Quimlab,
Jacareí, Brazil), Ca, Mg, K and Na (Merck) in a 5% HCl (v/v)
solution.

2.3. Samples

A total of 18 IF samples were acquired from commercial estab-
lishments in Brazil, Chile, United States of America, New Zealand
and Portugal, considering the following age groups: 0e6 months
(n ¼ 6), 0e12 months (n ¼ 8) and 6e12 months (n ¼ 4). The
samples of pasteurised (n ¼ 3), powdered (n ¼ 3) and UHT (n ¼ 3)
whole cows' milk were acquired from commercial establishments
in Campinas, Brazil. Table 1 shows the identification of the samples
according to their coding, front panel labelling and main
ingredients.

Sample coding was defined by a group of letters and numbers,
where the first letter represents the matrix (F, IF; L, cows' whole
milk); the second letter is the brand (A to I: different brands); the
numbers 1, 2 and 3 represent the IF age ranges (0e6, 0e12 and
6e12 months, respectively); letters after the hyphen represent
the IF country of origin (BR, Brazil; CH, Chile; PT, Portugal; NZ,
New Zealand; USA, United States of America), and the cows' milk
process (PAS, pasteurised; PO, powdered; UHT, ultra high tem-
perature); letters SOY after the slash denoting IF soy protein-
based.



Fig. 1. Summary scheme of the methodology used for the mineral bioaccessibility determination.
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2.4. Extraction

To determine the total contents of the minerals Ca, Cu, Fe, K, Mg,
Mn, Na, P and Zn present in the IF and powdered milks, the samples
were initially prepared according to the instructions on the labels:
powdered IFs were reconstituted by weighing 15 g in 100 mL pu-
rified water. The samples of liquid milk (PAS and UHT) were
weighed directly.

Ultrasonic assisted extraction was adapted from the methodol-
ogies of Bermejo-Barrera, Mu~niz-Naveiro, Moreda-Pi~neiro, and
Bermejo-Barrera (2001), Cava-Montesinos, Cervera, Pastor, and de
la Guardia (2005), and Machado, Bergmann, and Pist�on (2016).
Briefly, 2 g of liquid sample were weighed into a 50 mL graduated
tube and 2 mL of HNO3 and 1 mL of H2O2 added. The tube was
closed and placed in an ultrasonic bath at 60 �C for 30 min. After
cooling, the resulting solution was made up to 25 mL with purified
water and filtered (0.45 mm PTFE filter, Agilent Technologies). The
extractions were carried out in triplicate. For quality control,
analytical blank experiments and certified reference materials Baby
Food Composite (NIST 2383a) and Infant/Adult Nutritional Formula
(NIST 1849a) were employed (Fioravanti et al., 2020).
2.5. Determination of the bioaccessible content

2.5.1. Gastric digestion
Gastric digestion was based on the methods of Fioravanti et al.

(2020) and Perales, Barber�a, Lagarda, and Farr�e (2005). Briefly,
15 g (powder) or 40 g (liquid) of sample were weighed into a
250 mL Erlenmeyer flask, 30 mL of ultrapure water added and
the mix homogenised with shaking for 15 min in a water bath at
37 �C. The pH value was then adjusted to 2.0 ± 0.2 with 6 mol L�1

HCl and after 15 min rechecked and the pH readjusted, if
necessary (Perales et al., 2005). A 1.87 mL aliquot of a 0.16 g mL�1

freshly pepsin solution prepared in 0.1 mol L�1 HCl (0.02 g of
pepsin g�1 sample) was then added, then purified water added to
make up to 100 g, and the mix was incubated in a shaken water
bath at 37 �C for 2 h. The sample was maintained in a refrigerator
at 8 �C overnight and the gastric digest then fractionated into
20 g portions, placing two into graduated 50 mL tubes (for the
soluble fraction assay) and two into 250 mL Erlenmeyer flasks
(for the dialysed fraction assay), giving a total of five 20 g frac-
tions, with the fifth fraction remaining in the original Erlenmeyer
(Fig. 1).
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2.5.2. Intestinal digestion
Intestinal digestionwas based on themethods of Fioravanti et al.

(2020) and Perales et al. (2005). For the soluble fraction assay, the
pH value of one of the digest fractions was adjusted to 5.0 ± 0.2
with 1mol L�1 NaHCO3, and 0.75mL freshlymade pancreatinþ bile
solution containing 0.004 g mL�1 pancreatin and 0.025 g mL�1 bile
extract (providing 0.00015 g pancreatin and 0.00094 g bile salts g�1

sample) was added. The tube containing the sample, salts and en-
zymes was placed in a shaking water bath at 37 �C for 2 h, then the
pHwas adjusted to 7.2 ± 0.2 and the sample centrifuged at 3500� g
for 1 h at 4 �C. The minerals present in the incubated extracts were
determined using 2 mL of the supernatant (soluble fraction) ac-
cording to the procedure described in section 2.4.

For the dialysed fraction, to prepare the dialysis membrane,
0.75 mL of freshly made pancreatin þ bile solution were added to
one of the gastric digest fractions (Erlenmeyer flasks) and titrated
with 1 mol L�1 NaHCO3 to pH 7.2 ± 0.2, so determining the titrat-
able acidity. After preparing the dialysis membrane (25 cm in
length containing 20 mL purified water and the volume of NaHCO3
used in the titratable acidity), it was placed in the Erlenmeyer flasks
containing the gastric digest fraction and incubated in a shaken
water bath at 37 �C for 30 min. An aliquot of 0.75 mL of freshly
made pancreatin þ bile solution was then added and incubated for
another 2 h. The membrane contents (dialysed fraction) were then
transferred to a graduated tube and the mineral concentrations
determined using ICP OES. A summary scheme of the methodology
used for the mineral bioaccessibility determination is shown in
Fig. 1.
2.5.3. Calculation of the bioaccessible mineral content
The soluble fraction (%S) was calculated as follows:

% solubility ¼ 100 � S/C

where S is the soluble mineral content (in mg or mg 100 mL�1

reconstituted sample) and C is the total mineral content of the
sample (in mg or mg 100 mL�1 reconstituted sample). The dialysed
fraction (%D) was calculated as follows:

% dialysis ¼ 100 � D/C

where D is the dialysed mineral content (in mg or mg 100 mL�1

reconstituted sample) and C is the total mineral content of the
sample (in mg or mg 100 mL�1 reconstituted sample).
Table 2
Mean concentration of the total, soluble and dialysed contents and bioaccessible fraction

Sample Cu Fe

x- ± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x- ± SD
(mg 100 mL�1)

Bioac
(% ± S

FA1-BR Total 63 ± 2 e 774 ± 15 e

Soluble 58 ± 1 93 ± 2 560 ± 5 72 ±
Dialysed 12 ± 1 20 ± 1 96 ± 1 12.4 ±

FA1-CH Total 61 ± 1 e 968 ± 9 e

Soluble 62 ± 2 101 ± 3 985 ± 16 102 ±
Dialysed 13 ± 1 22 ± 1 331 ± 9 34 ±

FB1-BR Total 63 ± 1 e 641 ± 17 e

Soluble 70 ± 5 112 ± 8 968 ± 9 151 ±
Dialysed 12 ± 2 19 ± 3 93 ± 5 15 ±

FC1-BR Total 43 ± 1 e 828 ± 24 e

Soluble 47.1 ± 0.2 109.9 ± 0.4 810 ± 21 98 ±
Dialysed 10 ± 1 23 ± 3 83 ± 7 10 ±

FD1-BR/SOY Total 36.0 ± 0.4 e 816 ± 8 e

Soluble 32 ± 1 88 ± 3 142 ± 23 17 ±
Dialysed 7.3 ± 0.4 20 ± 1 15.4 ± 0.3 1.9 ±
2.6. Statistical analyses

The results are expressed as the mean x ± SD of three analytical
repetitions. The statistical (one-way ANOVA, considering a 95%
confidence level) and multivariate analyses (principal components
analysis, PCA and hierarchical cluster analysis, HCA) were carried
out using XIstat (Addinsoft, Paris, France) and Pirouette (Infome-
trix, Woodinville, WA, USA) software, respectively.
̄

3. Results

Tables 2 and 3 show the results obtained for the total, soluble
(%S) and dialysed (%D) contents of micro (Cu, Fe, Mn and Zn) and
macro-minerals (Ca, K, Mg, Na and P), respectively. The results
show variations in the total content between the different types
of IF, even between specific groups, such as the same brand,
protein type and age range. The samples FA2-PT and FA2-NZ are
the only types that show significantly similar results for the nine
elements under study, a fact not observed for the other brands or
samples.

From Tables 2 and 3, soluble fractions of the minerals show
higher contents than the dialysed fractions, except for LF-UHT
sample where the percentages of the soluble (%S) and dialysed (%
D) fractions for Fe (57% and 61%, respectively) and Mn (22.5% and
23.5%, respectively) are the similar, showing that for this sample,
the whole soluble Fe and Mn contents are dialysed. The Na bio-
accessibility was not evaluated due to the amount of NaHCO3 added
during the trials. With respect to the total Na contents, they ranged
from 17.6 (FC2-USA) to 64.9 (LF-UHT) mg 100 mL�1 and the highest
concentrations were found in the UHT and reconstituted milk
powders.

In general, the K, Mg and P solubility in IF andmilks were greater
than 60% with respect to the total contents. The %S values found for
K, Mg, P and Zn in the UHT milks were above 80%, comparable with
the results found by Sanches, Peixoto, and Cadore (2019), where the
%S values were above 60% for Zn and 70% for Ca, K, Mg, Na and P in
whole, semi-skimmed and skimmed UHT milks. The %S ranged
from 25% (LF-PO) to 94% (FC2-BR) for Ca, from 11% (FA2-BR/SOY) to
120% (LH-PAS) for Mn and from 4% (FD3-BR/SOY) to 111% (FD2-BR)
for Zn. These variations can be associated with the mineral content,
the technological process used and the sample composition. Cu
showed a %S above 60% in the IFs, except for FC3-BR (46%). For the
milk samples, only LA-PO and LE-PO presented %S above the
quantification limit (LOQ) for Cu (40% and 63%, respectively).
s for Cu, Fe, Mn and Zn.a

Mn Zn

cessibility
D)

x- ± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x- ± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

14.2 ± 0.3 e 746 ± 10 e

1 12.4 ± 0.7 87 ± 5 495 ± 40 66 ± 5
0.2 1.9 ± 0.1 13 ± 1 52 ± 3 7 ± 1

15.4 ± 0.1 e 720 ± 9 e

2 13.6 ± 0.2 89 ± 1 516 ± 46 72 ± 6
1 3.1 ± 0.2 20 ± 1 79 ± 5 11 ± 1

21.8 ± 0.3 e 614 ± 11 e

1 17.0 ± 0.4 78 ± 2 326 ± 14 53 ± 2
1 2.1 ± 0.2 10 ± 1 44 ± 3 7 ± 1

4.5 ± 0.1 e 811 ± 27 e

3 4.1 ± 0.2 92 ± 5 644 ± 22 79 ± 3
1 0.61 ± 0.02 13.7 ± 0.4 45 ± 2 5.6 ± 0.2

33.7 ± 0.4 e 492 ± 7 e

3 9.4 ± 0.8 28 ± 2 50 ± 8 10 ± 2
0.1 0.20 ± 0.04 0.6 ± 0.1 4 ± 1 0.8 ± 0.1



Table 2 (continued )

Sample Cu Fe Mn Zn

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

FD1-NZ Total 68 ± 2 e 970 ± 23 e 6.3 ± 0.2 e 564 ± 15 e

Soluble 73 ± 1 108 ± 2 1073 ± 22 111 ± 2 5.5 ± 0.4 87 ± 6 439 ± 10 78 ± 2
Dialysed 13.8 ± 0.4 21 ± 1 105 ± 4 11 ± 1 0.70 ± 0.03 11 ± 1 31 ± 2 5.4 ± 0.4

FA2-BR/SOY Total 75 ± 2 e 753 ± 17 e 41.8 ± 0.8 e 824 ± 16 e

Soluble 53 ± 1 71 ± 2 785 ± 14 104 ± 2 4.6 ± 0.2 11 ± 1 512 ± 17 62 ± 2
Dialysed 12 ± 1 16 ± 1 124 ± 4 17 ± 1 0.6 ± 0.2 1.4 ± 0.4 61 ± 8 7 ± 1

FA2-PT Total 62 ± 2 e 782 ± 25 e 14.2 ± 0.9 e 663 ± 23 e

Soluble 61 ± 1 99 ± 2 722 ± 14 92 ± 2 6.6 ± 0.3 47 ± 2 398 ± 31 60 ± 5
Dialysed 14 ± 1 23 ± 1 65 ± 5 8 ± 1 <LOQ <LOQ 22 ± 2 3.3 ± 0.2

FA2-NZ Total 63 ± 1 e 790 ± 6 e 14.0 ± 0.3 e 671 ± 10 e

Soluble 61 ± 3 98 ± 4 678 ± 27 86 ± 3 5.1 ± 0.5 37 ± 4 304 ± 12 45 ± 2
Dialysed 13.8 ± 0.3 22 ± 1 51 ± 3 6.5 ± 0.4 <LOQ <LOQ 20 ± 2 3.0 ± 0.3

FB2-BR Total 56 ± 1 e 473 ± 3 e 18.8 ± 0.2 e 581 ± 6 e

Soluble 54 ± 2 96 ± 3 454 ± 4 96 ± 1 8.2 ± 1.0 44 ± 5 322 ± 9 55 ± 2
Dialysed 12.2 ± 0.1 21.6 ± 0.2 51 ± 5 11 ± 1 0.2 ± 0.1 1.3 ± 0.7 13 ± 1 2.2 ± 0.3

FB2-USA Total 72 ± 1 e 1129 ± 14 e 8.4 ± 0.1 e 630 ± 7 e

Soluble 74 ± 1 104 ± 2 1479 ± 44 131 ± 4 7.4 ± 0.4 88 ± 5 524 ± 18 83 ± 3
Dialysed 15 ± 1 21 ± 1 312 ± 11 28 ± 1 0.4 ± 0.04 4 ± 1 13 ± 1 2.0 ± 0.2

FC2-BR Total 58 ± 1 e 584 ± 10 e 20.0 ± 0.7 e 864 ± 25 e

Soluble 55 ± 1 95 ± 1 717 ± 13 123 ± 2 17.6 ± 0.9 88 ± 4 762 ± 35 88 ± 4
Dialysed 11.2 ± 0.4 19 ± 1 71 ± 6 12 ± 1 1.3 ± 0.2 6 ± 1 32 ± 4 4 ± 1

FC2-USA Total 70 ± 1 e 1104 ± 6 e 14.6 ± 0.2 e 803 ± 6 e

Soluble 65 ± 1 93 ± 2 1314 ± 44 119 ± 4 14.1 ± 0.3 96 ± 2 665 ± 21 83 ± 3
Dialysed 15 ± 1 21 ± 1 149 ± 3 13.5 ± 0.3 1.6 ± 0.1 11 ± 1 36 ± 2 4.5 ± 0.2

FD2-BR Total 43 ± 2 e 435 ± 11 e 7.0 ± 0.1 e 506 ± 13 e

Soluble 44 ± 1 104 ± 2 472 ± 1 108.5 ± 0.2 4.5 ± 1.6 64 ± 23 564 ± 91 111 ± 18
Dialysed 11 ± 1 26 ± 1 72 ± 1 16.6 ± 0.3 0.37 ± 0.03 5 ± 1 28 ± 1 5.5 ± 0.3

FA3-BR Total 57 ± 2 e 1081 ± 25 e 4.8 ± 0.2 e 669 ± 18 e

Soluble 51 ± 1 91 ± 3 119 ± 8 11 ± 1 1.34 ± 0.01 28.0 ± 0.2 33 ± 5 5 ± 1
Dialysed 13 ± 1 24 ± 1 17 ± 3 1.6 ± 0.2 0.5 ± 0.1 10 ± 2 6 ± 1 0.9 ± 0.2

FB3-BR Total 51 ± 1 e 1047 ± 7 e 18.1 ± 0.1 e 535 ± 6 e

Soluble 50 ± 1 97 ± 2 1059 ± 13 101 ± 1 11.6 ± 0.1 64 ± 1 241 ± 1 45.1 ± 0.3
Dialysed 11.9 ± 0.1 23.2 ± 0.3 82 ± 4 7.8 ± 0.4 0.6 ± 0.1 3 ± 1 12 ± 1 2.2 ± 0.3

FC3-BR Total 93 ± 1 e 1142 ± 10 e 11.4 ± 0.2 e 690 ± 2 e

Soluble 42 ± 4 46 ± 4 1142 ± 38 100 ± 3 8.7 ± 0.8 77 ± 7 463 ± 37 67 ± 5
Dialysed 8 ± 2 9 ± 2 80 ± 7 7 ± 1 0.8 ± 0.1 7 ± 1 25 ± 5 4 ± 1

FD3-BR/SOY Total 36.1 ± 0.3 e 1128 ± 7 e 31.0 ± 0.5 e 500 ± 2 e

Soluble 28 ± 1 78 ± 3 114 ± 21 10 ± 2 6.7 ± 0.6 22 ± 2 18 ± 10 4 ± 2
Dialysed 7.5 ± 0.4 21 ± 1 12 ± 1 1.1 ± 0.1 0.25 ± 0.03 0.8 ± 0.1 2.7 ± 0.4 0.5 ± 0.1

LG-PAS Total 4 ± 1 e 8.9 ± 0.1 e 2.0 ± 0.9 e 365 ± 9 e

Soluble <LOQ <LOQ <LOQ <LOQ 1.7 ± 0.2 86 ± 11 195 ± 9 53 ± 3
Dialysed <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 17 ± 1 4.7 ± 0.4

LH-PAS Total 1.5 ± 0.1 e 8 ± 1 e 1.3 ± 0.1 e 383 ± 8 e

Soluble <LOQ <LOQ 5 ± 1 64 ± 12 1.7 ± 0.5 120 ± 35 225 ± 19 59 ± 5
Dialysed <LOQ <LOQ 4 ± 1 49 ± 6 <LOQ <LOQ 12 ± 2 3 ± 1

LI-PAS Total 3.0 ± 0.2 e 7.0 ± 0.4 e 1.5 ± 1.5 e 364 ± 4 e

Soluble <LOQ <LOQ <LOQ <LOQ 1.7 ± 0.1 113 ± 3 198 ± 17 55 ± 5
Dialysed <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 11 ± 4 3 ± 1

LA-PO Total 3.6 ± 0.1 e 2321 ± 295 e 14.5 ± 1.4 e 1124 ± 18 e

Soluble 1.4 ± 0.2 40 ± 6 1000 ± 30 43 ± 1 11.6 ± 0.6 80 ± 4 938 ± 48 83 ± 4
Dialysed <LOQ <LOQ 12 ± 2 0.5 ± 0.1 <LOQ <LOQ 5 ± 1 0.4 ± 0.1

LE-PO Total 4.4 ± 0.1 e 1327 ± 186 e 5.5 ± 0.7 e 459 ± 9 e

Soluble 2.8 ± 0.5 62 ± 11 469 ± 68 35 ± 5 2.6 ± 0.1 47 ± 1 213 ± 19 46 ± 4
Dialysed 0.7 ± 0.1 17 ± 2 7 ± 3 0.5 ± 0.3 <LOQ <LOQ 3 ± 2 0.7 ± 0.5

LF-PO Total 3.2 ± 0.3 e 17.7 ± 0.1 e 3.7 ± 0.2 e 423 ± 5 e

Soluble <LOQ <LOQ 17.4 ± 0.3 99 ± 2 1.62 ± 0.04 44 ± 1 212 ± 16 50 ± 4
Dialysed <LOQ <LOQ 3.5 ± 0.2 20 ± 1 0.41 ± 0.01 10.9 ± 0.1 31 ± 2 7.3 ± 0.5

LA-UHT Total 2.8 ± 0.3 e 1177 ± 121 e 5.0 ± 0.2 e 1269 ± 21 e

Soluble <LOQ <LOQ 1180 ± 27 100 ± 2 2.54 ± 0.02 50.9 ± 0.3 1014 ± 28 80 ± 2
Dialysed <LOQ <LOQ 314 ± 8 27 ± 1 1.13 ± 0.01 22.5 ± 0.3 215 ± 5 17.0 ± 0.4

LJ-UHT Total 2.0 ± 0.5 e 27 ± 4 e 1.1 ± 0.2 e 361 ± 12 e

Soluble <LOQ <LOQ 23 ± 3 87 ± 9 0.88 ± 0.01 78 ± 1 318 ± 17 88 ± 5
Dialysed <LOQ <LOQ 13.0 ± 0.3 48 ± 1 0.51 ± 0.01 44.6 ± 0.1 65 ± 2 18 ± 1

LF-UHT Total 2.2 ± 0.6 e 21 ± 2 e 2.2 ± 0.4 e 358 ± 4 e

Soluble <LOQ <LOQ 11.9 ± 0.3 57 ± 2 0.49 ± 0.01 22.5 ± 0.3 349 ± 6 97 ± 2
Dialysed <LOQ <LOQ 12.8 ± 0.4 61 ± 1 0.51 ± 0.01 23.5 ± 0.2 67 ± 2 19 ± 1

a Abbreviations are: x- ± SD, mean concentration (n ¼ 3); F, infant formula; L, milk; A to J, brand; 1 to 3, age range; BR, Brazil; CH, Chile; NZ, New Zealand; PT, Portugal; USA,
United States of America; PAS, pasteurised milk; PO, powdered milk; UHT, ultra high temperature treated milk; SOY, soy IF; LOQ, limit of quantification (Cu, Mn ¼ 0.2 mg
100 mL�1; Fe ¼ 0.5 mg 100 mL�1). FA1-CH, FB2-USA, FC2-USAand LE-PO were Fe-fortified; LA-PO &LA-UHT were Fe and Zn-fortified.
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Table 3
Mean concentration of the total, soluble and dialysed contents and bioaccessible fractions for Ca, K, Mg, P and Na.a

Sample Ca K Mg P Na

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x-

̄

± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x-

̄

± SD
(mg 100 mL�1)

FA1-BR Total 40.7 ± 0.8 e 77.6 ± 2.1 e 8.7 ± 0.2 e 23.6 ± 0.7 e 21.0 ± 0.7
Soluble 11.2 ± 1.3 28 ± 3 91.9 ± 0.7 119 ± 1 8.6 ± 0.1 99 ± 1 21.7 ± 0.2 92 ± 1 e

Dialysed 0.7 ± 0.2 1.7 ± 0.5 29.1 ± 0.4 38 ± 1 2.9 ± 0.1 33 ± 1 7.3 ± 0.1 31 ± 0.4 e

FA1-CH Total 46.8 ± 1.1 e 115.3 ± 4.5 e 7.3 ± 0.2 e 30.0 ± 0.8 e 22.6 ± 0.9
Soluble 12.5 ± 0.8 27 ± 2 121.4 ± 3.5 105 ± 3 7.1 ± 0.1 97 ± 1 29.6 ± 0.2 99 ± 0.5 e

Dialysed 1.5 ± 0.5 3 ± 1 44.3 ± 0.8 38 ± 1 2.6 ± 0.1 35 ± 1 9.8 ± 0.2 33 ± 1 e

FB1-BR Total 57.5 ± 0.7 e 81.8 ± 1.3 e 6.1 ± 0.1 e 32.2 ± 0.4 e 21.0 ± 0.3
Soluble 30.1 ± 0.6 52 ± 1 98.5 ± 4.0 120 ± 5 5.8 ± 0.1 96 ± 2 31.3 ± 1.0 97 ± 3 e

Dialysed 6.0 ± 0.4 10 ± 1 32.3 ± 0.8 40 ± 1 1.84 ± 0.04 30 ± 1 9.4 ± 0.3 29 ± 1 e

FC1-BR Total 46.6 ± 1.3 e 99.1 ± 0.1 e 6.1 ± 0.2 e 35.8 ± 1.2 e 21.3 ± 0.7
Soluble 23.5 ± 1.1 50 ± 2 106.4 ± 0.7 107 ± 1 6.1 ± 0.1 100 ± 2 35.9 ± 0.5 100 ± 1 e

Dialysed 1.8 ± 0.4 4 ± 1 37.7 ± 0.7 38 ± 1 1.34 ± 0.01 22 ± 0.1 11.3 ± 0.2 32 ± 1 e

FD1-BR/SOY Total 49.7 ± 0.4 e 72.0 ± 1.3 e 5.53 ± 0.04 e 29.7 ± 0.4 e 21.5 ± 0.4
Soluble 19.4 ± 1.8 39 ± 4 80.6 ± 0.8 112 ± 1 5.1 ± 0.1 93 ± 1 20.2 ± 0.5 68 ± 2 e

Dialysed 0.6 ± 0.2 1.2 ± 0.4 25.8 ± 0.7 36 ± 1 0.8 ± 0.1 15 ± 1 5.6 ± 0.2 19 ± 0.5 e

FD1-NZ Total 56.8 ± 0.9 e 86.3 ± 1.4 e 6.3 ± 0.1 e 36.9 ± 0.7 e 23.1 ± 0.4
Soluble 26.6 ± 4.9 48 ± 9 100.4 ± 1.5 116 ± 2 6.9 ± 0.2 110 ± 3 42.2 ± 0.8 114 ± 2 e

Dialysed 1.7 ± 0.2 3.0 ± 0.3 36.1 ± 0.7 42 ± 1 1.60 ± 0.02 25.3 ± 0.3 13.8 ± 0.3 37 ± 1 e

FA2-BR/SOY Total 67.5 ± 1.6 e 87.6 ± 1.6 e 8.1 ± 0.2 e 46.8 ± 1.0 e 25.9 ± 0.5
Soluble 38.2 ± 1.5 57 ± 2 109.5 ± 0.2 125 ± 0.2 8.3 ± 0.2 104 ± 2 42.2 ± 0.8 90 ± 2 e

Dialysed 5.7 ± 1.4 8 ± 2 35.3 ± 0.8 40 ± 1 2.9 ± 0.1 36 ± 1 14.0 ± 0.2 30 ± 0.5 e

FA2-PT Total 47.9 ± 1.7 e 81.7 ± 2.6 e 7.2 ± 0.2 e 27.9 ± 1.1 e 28.5 ± 0.9
Soluble 26.1 ± 1.5 54 ± 3 81.8 ± 2.0 100 ± 2 6.9 ± 0.2 96 ± 3 25.4 ± 0.8 91 ± 3 e

Dialysed 0.6 ± 0.2 1 ± 0.4 30.8 ± 1.4 38 ± 2 1.2 ± 0.2 16 ± 2 9.1 ± 0.4 33 ± 2 e

FA2-NZ Total 47.6 ± 0.6 e 79.8 ± 0.7 e 7.2 ± 0.1 e 26.7 ± 0.5 e 27.8 ± 0.8
Soluble 19.4 ± 1.5 41 ± 3 78.9 ± 3.4 99 ± 4 6.9 ± 0.4 96 ± 5 23.9 ± 1.2 90 ± 4 e

Dialysed 0.5 ± 0.1 1 ± 0.1 30.1 ± 0.4 38 ± 0.5 1.0 ± 0.1 14 ± 1 8.5 ± 0.3 32 ± 1 e

FB2-BR Total 70.3 ± 0.2 e 106.7 ± 0.9 e 6.0 ± 0.04 e 55.5 ± 0.4 e 34.1 ± 0.4
Soluble 37.3 ± 0.02 53 ± 0.1 108.0 ± 4.1 101 ± 4 3.8 ± 0.02 64 ± 0.4 50.0 ± 3.2 90 ± 6 e

Dialysed 1.1 ± 0.3 2 ± 0.5 40.3 ± 1.0 38 ± 1 0.9 ± 0.1 15 ± 1 15.3 ± 0.5 28 ± 1 e

FB2-USA Total 57.2 ± 0.2 e 113.2 ± 0.9 e 5.2 ± 0.04 e 37.3 ± 0.3 e 22.3 ± 0.3
Soluble 46.3 ± 3.9 81 ± 7 129.8 ± 5.3 115 ± 5 5.3 ± 0.1 102 ± 3 39.2 ± 1.2 105 ± 3 e

Dialysed 0.9 ± 0.2 2 ± 0.3 49.6 ± 0.8 44 ± 1 0.9 ± 0.04 18 ± 1 12.1 ± 0.1 33 ± 0.2 e

FC2-BR Total 67.4 ± 1.0 e 101.0 ± 1.1 e 6.5 ± 0.1 e 36.1 ± 0.5 e 24.9 ± 0.5
Soluble 63.5 ± 4.7 94 ± 7 113.1 ± 1.1 112 ± 1 6.4 ± 0.1 99 ± 1 34.9 ± 0.6 97 ± 2 e

Dialysed 0.2 ± 0.2 0.4 ± 0.3 40.1 ± 0.3 40 ± 0.3 1.0 ± 0.1 15 ± 1 10.8 ± 0.1 30 ± 0.3 e

FC2-USA Total 42.5 ± 0.2 e 81.9 ± 0.9 e 6.9 ± 0.04 e 31.9 ± 0.3 e 17.6 ± 0.3
Soluble 37.8 ± 3.6 89 ± 9 88.8 ± 0.8 108 ± 1 6.6 ± 0.2 96 ± 3 31.7 ± 0.4 100 ± 1 e

Dialysed 0.8 ± 0.2 2 ± 0.5 35.2 ± 0.8 43 ± 1 1.3 ± 0.02 20 ± 0.3 9.7 ± 0.2 30 ± 0.5 e

FD2-BR Total 44.4 ± 1.0 e 74.8 ± 1.7 e 5.2 ± 0.1 e 25.4 ± 0.6 e 19.4 ± 0.5
Soluble 40.4 ± 18.0 91 ± 41 84.3 ± 0.5 113 ± 1 5.6 ± 0.9 109 ± 18 21.9 ± 1.4 86 ± 5 e

Dialysed 1.0 ± 0.2 2 ± 0.3 31.3 ± 0.5 42 ± 1 1.0 ± 0.02 19 ± 0.4 7.9 ± 0.2 31 ± 1 e

FA3-BR Total 70.9 ± 2.0 e 94.1 ± 0.9 e 8.1 ± 0.3 e 42.3 ± 1.2 e 29.1 ± 0.7
Soluble 39.0 ± 0.6 55 ± 1 104.7 ± 0.5 111 ± 0.5 7.7 ± 0.04 95 ± 0.5 33.9 ± 0.1 80 ± 0.2 e

Dialysed 1.8 ± 0.4 3 ± 1 30.7 ± 1.6 33 ± 2 1.3 ± 0.03 16 ± 0.3 9.1 ± 0.3 22 ± 1 e

FB3-BR Total 78.7 ± 0.4 e 80.7 ± 0.4 e 5.7 ± 0.02 e 44.8 ± 0.1 e 20.6 ± 0.1
Soluble 36.3 ± 1.3 46 ± 2 92.8 ± 1.3 115 ± 2 5.8 ± 0.04 102 ± 1 45.8 ± 0.9 102 ± 2 e

Dialysed 2.7 ± 0.2 3 ± 0.3 32.8 ± 0.9 41 ± 1 1.1 ± 0.02 20 ± 0.3 14.0 ± 0.5 31 ± 1 e

FC3-BR Total 73.3 ± 0.6 e 82.5 ± 1.2 e 6.8 ± 0.02 e 49.6 ± 0.6 e 29.9 ± 0.3
Soluble 45.4 ± 3.8 62 ± 5 87.8 ± 1.8 106 ± 2 6.9 ± 0.2 101 ± 3 50.4 ± 1.6 102 ± 3 e

Dialysed 3.0 ± 0.2 4 ± 0.2 29.8 ± 0.4 36 ± 0.5 1.3 ± 0.02 19 ± 0.4 14.4 ± 0.2 29 ± 0.4 e

FD3-BR/SOY Total 54.3 ± 1.0 e 71.0 ± 0.1 e 5.0 ± 0.05 e 32.3 ± 0.4 e 25.7 ± 0.3
Soluble 19.8 ± 2.4 36 ± 4 80.2 ± 0.9 113 ± 1 4.5 ± 0.1 91 ± 2 21.0 ± 0.4 65 ± 1 e

Dialysed 1.4 ± 0.1 3 ± 0.2 22.4 ± 1.0 32 ± 1 0.8 ± 0.01 17 ± 0.2 5.4 ± 0.2 17 ± 1 e

LG-PAS Total 105.1 ± 0.2 e 146.6 ± 0.4 e 8.5 ± 0.1 e 77.8 ± 0.3 e 33.5 ± 0.1
Soluble 36.3 ± 2.1 35 ± 2 137.8 ± 5.1 94 ± 3 8.2 ± 0.4 97 ± 4 79.3 ± 3.3 102 ± 4 e

Dialysed 7.8 ± 0.2 8 ± 0.1 60.3 ± 1.5 41 ± 1 2.3 ± 0.02 27 ± 0.3 28.3 ± 0.9 36 ± 1 e

LH-PAS Total 107.5 ± 4.2 e 167.5 ± 1.5 e 9.2 ± 0.2 e 80.8 ± 0.9 e 34.7 ± 0.9
Soluble 59.2 ± 5.4 55 ± 5 153.8 ± 3.3 92 ± 2 9.3 ± 0.2 100 ± 2 80.9 ± 1.9 100 ± 2 e

Dialysed 7.6 ± 0.4 7 ± 0.3 63.0 ± 0.9 38 ± 1 2.5 ± 0.1 27 ± 1 25.8 ± 1.1 32 ± 1 e

LI-PAS Total 103.0 ± 2.7 e 155.6 ± 2.0 e 8.8 ± 0.04 e 77.3 ± 0.7 e 34.1 ± 0.3
Soluble 30.4 ± 0.9 30 ± 1 156.7 ± 0.1 101 ± 0.1 9.2 ± 0.02 104 ± 0.2 82.4 ± 0.6 107 ± 1 e

Dialysed 7.6 ± 1.0 7 ± 1 62.2 ± 0.9 40 ± 1 2.3 ± 0.1 26 ± 1 24.3 ± 2.2 31 ± 3 e

LA-PO Total 184.8 ± 11.2 e 180.6 ± 2.0 e 10.6 ± 0.1 e 98.9 ± 3.2 e 49.4 ± 0.2
Soluble 130.1 ± 2.2 70 ± 1 179.7 ± 6.4 100 ± 4 10.7 ± 0.4 100 ± 3 93.4 ± 3.2 94 ± 3 e

Dialysed 15.5 ± 1.7 8 ± 1 70.3 ± 2.0 39 ± 1 1.6 ± 0.1 15 ± 1 11.9 ± 1.7 12 ± 2 e

LE-PO Total 130.2 ± 1.3 e 183.8 ± 1.5 e 11.1 ± 0.2 e 98.4 ± 0.3 e 49.3 ± 0.7
Soluble 61.5 ± 1.0 47 ± 1 188.7 ± 4.7 103 ± 3 11.0 ± 0.3 99 ± 2 97.4 ± 2.7 99 ± 3 e

Dialysed 11.8 ± 2.8 9 ± 2 61.1 ± 2.6 33 ± 1 2.7 ± 0.2 25 ± 2 17.6 ± 2.0 18 ± 2 e

LF-PO Total 134.9 ± 2.4 e 178.0 ± 2.4 e 11.1 ± 0.2 e 93.6 ± 1.4 e 50.5 ± 0.9
Soluble 33.4 ± 3.3 25 ± 2 153.1 ± 7.7 86 ± 4 9.5 ± 0.4 86 ± 4 73.6 ± 4.5 79 ± 5 e

Dialysed 3.3 ± 0.2 2 ± 0.1 56.4 ± 0.8 32 ± 0.4 3.2 ± 0.1 29 ± 0.4 26.7 ± 0.5 29 ± 0.5 e
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Table 3 (continued )

Sample Ca K Mg P Na

x- ± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x- ± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x- ± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x- ± SD
(mg 100 mL�1)

Bioaccessibility
(% ± SD)

x- ± SD
(mg 100 mL�1)

LA-UHT Total 115.3 ± 1.0 e 162.5 ± 0.6 e 9.9 ± 0.1 e 103.2 ± 3.3 e 57.4 ± 1.3
Soluble 44.9 ± 3.6 39 ± 3 166.3 ± 5.5 102 ± 3 10.1 ± 0.2 103 ± 2 96.3 ± 2.9 93 ± 3 e

Dialysed 1.7 ± 0.3 2 ± 0.2 65.5 ± 1.5 40 ± 0.9 2.7 ± 0.02 27 ± 0.2 36.0 ± 0.8 35 ± 1 e

LJ-UHT Total 109.6 ± 2.9 e 159.8 ± 3.3 e 9.5 ± 0.2 e 94.4 ± 7.4 e 57.9 ± 1.6
Soluble 52.7 ± 0.0 48 ± 0.1 163.4 ± 0.9 102 ± 1 10.1 ± 0.3 106 ± 3 92.8 ± 3.6 98 ± 4 e

Dialysed 1.3 ± 0.3 1 ± 0.2 67.2 ± 1.6 42 ± 1 2.6 ± 0.02 27 ± 0.2 34.8 ± 0.9 37 ± 1 e

LF-UHT Total 110.1 ± 4.9 e 153.6 ± 6.9 e 9.2 ± 0.2 e 89.9 ± 6.3 e 64.9 ± 1.9
Soluble 88.1 ± 5.7 80 ± 5 150.8 ± 6.5 98 ± 4 9.1 ± 0.3 99 ± 3 83.1 ± 2.7 93 ± 3 e

Dialysed 1.4 ± 0.3 1 ± 0.3 66.1 ± 1.9 43 ± 1 2.5 ± 0.03 27 ± 0.4 33.6 ± 0.8 37 ± 1 e

a Na bioaccessibility was not evaluated due to the amount of NaHCO3 added during the trials. Abbreviations are: x- ± SD, mean concentration (n ¼ 3); F, infant formula; L,
milk; A to J, brand; 1 to 3, age range; BR, Brazil; CH, Chile; NZ, New Zealand; PT, Portugal; USA, United States of America; PAS, pasteurised milk; PO, powdered milk; UHT, ultra
high temperature treated milk; SOY, soy IF; LA-PO was Ca-fortified.
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Principal components analysis (PCA) was used to evaluate the
similarity in mineral composition (Cu, Fe, Mn, Zn, Ca, K, Mg, P and
Na) in IF and milk samples. The results were organised in a 27 � 9
matrix, the lines corresponding to the samples (IF andmilk) and the
columns to the mean values obtained for the nine elements. The
pre-processing used was autoscaling and the principal components
(PC) 1 and 2 were selected to classify the samples. Fig. 2 shows the
scores (samples) and loadings (elements) plots. PC 1 and PC 2
explained 61.1% and 20.1%, respectively, of the total variance in the
data (total of 81.2%). A two group classification was found from the
PCA results: group 1 (IF samples) had high Cu and Mn values and
low Ca, Mg, K, Na and P contents; group 2 (milk samples) had high
Ca, Mg, K, Na and P values and low Cu and Mn values. A sub-group
was also observed: Fe-fortified samples (LA-PO, LA-UHTand LE-PO)
and Zn-fortified samples (LA-PO and LA-UHT).

Hierarchical cluster analysis is presented in Fig. 3. In this anal-
ysis, autoscaling and euclidean distance were employed. From the
dendogram (similarity of 0.598), it is possible to notice five groups,
according to samples mineral compositions: (i) non-fortified milk;
(ii) fortified milk from brand E (LE-PO); (iii) fortified from brand A
(LA-UHT and LA-PO); (iv) IF containing soy protein and (v) IF con-
taining milk protein.

It is important to point out that HCA and PCA are complemen-
tary and allow the classification of IF according to their protein
source (soy or milk). Amongst the IF soy based, there was also a
clear difference between samples from brand A (FA2-BR/SOY) and
brand D (FD1-BR/SOY and FD3-BR/SOY).

4. Discussion

The total contents found for the 9 elements in the IFs were
within the ranges recommended for IF by the Brazilian regulations
and by Codex (BRASIL, 2011a,b; FAO/WHO, 2016) and also agreed
with the concentrations informed on the labels (±20 deviation)
(BRASIL, 2003).

In comparison, the total contents of Fe, Cu, Mn and Zn found in
the IFs were higher than those found in the unfortified milks by
162, 63, 37 and 2-fold, respectively, whereas for PeNa, CaeK and
Mg the values were up to 4, 3 and 2 times higher, respectively, than
in the milk samples and in agreement with the study of Sager,
McCulloch, and Schoder (2018). IF are formulated to resemble the
constitution of breast milk, which allows for a better equilibrium of
the amounts of nutrients for the development of the infant, ac-
cording to L€onnerdal and Hernell (2016), Martin, Ling, and
Blackburn (2016), Vieira da Silva et al. (2013), and Zou et al. (2016).

The total contents of Ca, Fe and Zn are higher in the fortifiedmilk
samples than in the IFs and other milk samples. For Na, the IF
samples for the 0e6 months age present the smallest contents and

̄ ̄
the UHT milks the highest contents. The types and amounts of
additives added to themilks could have contributed to the Na levels
and the content increased according to the addition of the stabil-
isers (Table 1). Mineral levels in milk products (and in IFs) are a
result of the dynamic equilibrium of the minerals between the
aqueous and colloidal milk phases, the technological treatment
(reverse osmosis, membrane ultrafiltration or spraying) and of any
mineral fortification applied during the manufacturing process
(Martin et al., 2016; Poitevin, 2016).

The type of process, the physical state of the sample (solid or
liquid), the way in which the element binds to the milk compo-
nents and their total contents could also influence the bio-
accessible fractions of the elements (Drago & Valencia, 2004;
Perales et al., 2005). In the present study, the %D values of the
Mn and Zn were higher in UHT than in the other milks, while a
lower %D was found for Ca in UHT than in the other milk samples
(Tables 2 and 3). It is well known that bioaccessible fraction of
these minerals in the UHT milk could be affected due to the for-
mation of soluble complexes with milk sugars and proteins
(Sanches et al., 2019), heat processes applied, or ingredients added
(Drago & Valencia, 2004).

In general, the %D values obtained for K, Mg and P were similar
between liquid milks and IFs. However, for Ca the %D was higher in
the milk samples and this difference could be related to the ratio of
whey protein: casein, which in cows' milk is approximately 20:80,
whereas in IFs the ratio of whey protein:casein is similar to mature
human breast milk, i.e., or 60:40 (Donovan, 2019). The phospho-
peptides present in the milk casein interact with Ca, forming a
complex that allows the Ca to remain in the soluble form in the
gastrointestinal tract, so favouring Ca absorption (Bosscher et al.,
2001; Perales et al., 2005; Sanches et al., 2019).

With respect to the IF age ranges, differences were found be-
tween the total contents of the elements studied: a tendency for
high contents of Ca, Fe, P and Nawas observed in the IF destined for
the 6e12 month age range (Tables 2 and 3), in agreement with the
work of Martínez et al. (2018), who studied IF samples from Spain.
The composition of IFs considering different ages is important to
reach nutrient requirements and to avoid high levels during pe-
riods of less need (L€onnerdal & Hernell, 2016).

The Fe total contents in Fe-fortified IF samples from the USA for
0e12-month age (FB2-USA and FC2-USA) are similar to the samples
destined for the 6e12-month age. According to the studies of Aly,
L�opez-Nicol�as, Darwish, Frontela-Saseta, and Ros-Berruezo (2016)
and L€onnerdal and Hernell (2016), full-term normal weight babies
are born with relatively large Fe-reserves, sufficient to provide the
Fe requisites during the first 6 months of life. After the sixth
months, fortification is recommended, as also the introduction of
Fe-rich foods in diet.

̄ ̄ ̄

̄



Fig. 2. Principal components analysis of the mineral content of the infant formula and milk samples: (a) score and (b) loadings plots. F, infant formula; L, milk; A to J, brand; 1 to 3,
age ranges; BR, Brazil; CH, Chile; NZ, New Zealand; PT, Portugal.
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For the soy protein based IF, brand A (FA2-BR/SOY), which was
labelled as soy isolate protein being the source, presented higher
results for the total content, %D and %S than brand D (FD1-BR/SOY&
FD3-BR/SOY), which was labelled as soy protein being the source.
The bioaccessibility results found for the FA2-BR/SOY sample are
also comparable with the results obtained for the milk-based IF and
may be related to the presence of soy isoflavones or phytase. They
also agree with the results of Devaraju, Thatte, Prakash, and
Lakshmi (2016) and Theodoropoulos, Turatti, Greiner, Macedo,
and Pallone (2018), who evaluated the beneficial effects of using
the enzyme phytase and enzymatic hydrolysis in the bio-
accessibility of Ca, Fe and Zn in soy products.

With respect to the milk proteins, the benefits that some in-
gredients bring for the absorption of the IF nutrients are well
established, such as the addition of lactose and ascorbic acid, the
protein fraction, the total mineral content and particle size,
amongst others (Aly et al., 2016; Bosscher et al., 2001; Brodkorb
et al., 2019; Devaraju et al., 2016; Donavan, 2019; Drago &



Fig. 3. Dendrogram obtained from the cluster analysis by hierarchal methods (HCA) from the mineral contents of the infant formula and milk samples.
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Valencia, 2004; Gomez, Perez-Corona, &Madrid, 2016; Pe~na et al.,
2004; Perales et al., 2005). In the present study, these benefits
were shown by the high percentages of soluble fractions (%S
values) for the minerals in the IF, in general, above 60% (Tables 2
and 3). In few cases, values above 100% of %S were observed.

To perform real bioaccessibility experiments, samples were
analysed unaltered and, even with strict controls and analytical
blanks in all experiments, there is an inherent variation due to the
amount of solution used in the pH adjustment steps.

The effect of the different ingredients on the mineral bio-
accessibility from IF and milk are exemplified by their dialysed
fractions, as shown in Figs. 4 and 5. These data demonstrate the
mineral patterns, considering the matrixes, the IF recommended
age, the types of milk processing and mineral content (total and
dialysed fractions).

For Ca, the highest %S (94%) and lowest %D (0.4%) were found for
FC2-BR sample, which is declared as dietetic-therapeutic and
composed of partially hydrolysed protein and 2.2 g 100 kcal-1
lactose; whereas FD1-NZ sample, which declared no lactose in
labelling, presented a %S of 48% and %D of 3%. The %D values may be
related to the use of prebiotics (galacto-oligosaccharides) present in
FD1-NZ. The same type of prebiotic present in FD1-NZ sample is
declared in another 5 IFs (FA1-BR, FB2-USA, FC2-USA, FD2-BR and
FA3-BR samples) and a correlation between the use of this prebiotic
and the bioaccessible fractions of the elements was shown, as
observed for the %D for Fe above 11% and for K above 38%, except for
the FA3-BR sample. This sample also presents the lowest %D for Fe,
K, Mg, P and Zn, which could be associated with the recommend
age (6e12 months) and the type of protein used (demineralised
whey).

The use of prebiotics in IF was studied by Aly et al. (2016), who
evaluated the effect of lactoferrin and galacto-oligosaccharide
addition on Fe solubility in a standard IF, obtaining an increase in
solubility from 66% (initial) to 96% in relation to its total content.
Although the work of Aly et al. (2016) does not evaluate the dial-
ysability or other minerals, in our study, samples with addition of
prebiotics presents higher %D values for Cu, Fe, K, P and Zn than the
samples containing only powdered skimmed milk and lactose



Fig. 4. Total content ( , mg 100 mL-1) and dialysed fraction ( , mg 100 mL-1; , %) of micro-minerals in infant formula and milk samples: A, Cu; B, Fe; C, Mn; D, Zn. Samples with
mineral concentrations below the LOQ are not presented.
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Fig. 5. Total content ( , mg 100 mL-1) and dialysed fraction ( , mg 100 mL-1; , %) and dialysed fractions of macro-minerals in infant formula and milk samples: A, Ca; B, K; C, Mg;
D, P.
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(FC3-BR) and similar or higher values than IF that contained
concentrated protein (FC1-BR and FB3-BR) or hydrolysed protein
(FB1-BR).

Hydrolysed protein (chemically or enzymatically) is incorpo-
rated into IF to make lower molecular weight peptides available,
which are associated with high bioavailability and solubility of the
nutrients (Devaraju et al., 2016). The results obtained for samples
that contained hydrolysed whey protein (FB1-BR) presented
higher values for the %D of the minerals Ca, Fe, Mg, Mn and Zn
than that in IF samples with enzymatically hydrolysed protein
(FA2-PT: Lactobacillus reuteri and FA2-NZ: Bifidus samples) and the
partially hydrolysed (FB2-BR and FC2-BR) samples. It is interesting
to note that the two samples containing enzymatically hydrolysed
proteins, in addition to presenting the same total contents for the
9 elements, also presented dialysed fractions for Mn below the
LOQ and are the only samples with %D significantly similar
(p < 0.05) for all elements, except for Fe.

Thus, the use of prebiotics appears to favour the minerals dial-
ysability more than enzymatic hydrolysis, and the combination of
prebiotics with partially hydrolysed protein (FD2-BR sample),
shows no differences for %D in relation to the other IF containing
prebiotics.

The evaluation of the total and bioaccessible mineral contents (%
S and %D) in IF with different composition and whole milk samples
allows for verification that the bioaccessibility of the elements can
be affected by various factors including the ingredients and the
total contents.
5. Conclusions

The in vitro bioaccessibility method applied for milk and IF
samples (available commercially and unaltered in the laboratory)
allowed estimation of their mineral fraction available for absorp-
tion. This study showed that for pasteurised whole milk, recon-
stituted powdered milk and UHT milk, mineral bioaccessibility was
mainly affected by their total content and the milk processing
(heating, drying, fortification and/or addition of stabilisers). UHT
milk samples presented the highest bioaccessible fractions.

For IF, mineral bioaccessibility appeared to be affected by the
protein type, presence of prebiotics, Fe-fortification and/or mineral
concentrations. IF with soy isolate protein presented similar levels
as the whey protein-based IF. The addition of prebiotics and whey
protein concentrate improvedmineral bioaccessibility, whereas the
addition of enzymatically hydrolysed protein showed no effect on
the bioaccessibility of the elements under study.
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