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Abstract

The stability of vitamins A, E and C, and the iron and selenium content were determined in two types of long chain-polyunsaturated
fatty acid (LC-PUFA) supplemented milk-based powdered infant formulas (IF), during an 18-month storage period at 25 and 40 �C. The
first type (IF-A) was supplemented with vitamin A as retinol acetate. The second type (IF-B) was supplemented with vitamin A as retinol
palmitate. Both types were also supplemented with vitamin E as a-tocopherol acetate and with vitamin C as ascorbic acid. The two for-
mulas studied had higher vitamin A (140% and 139%), vitamin E (109% and 198%) and vitamin C (167% and 118%), but lower iron
(65.0% and 65.3%) and selenium (72.9% and 79.4%) than the amounts declared on the label. As expected, all the studied vitamins showed
decreases during storage, and these decreases were higher in formulas stored at 40 �C. The losses of vitamin A at 40 �C after 18 months of
storage were 27.5% in IF-A and 29% in IF-B, while vitamin E losses under the same conditions were 23.1% and 28.1%, and vitamin C
losses under the same conditions were 28.4% and 48.6%. All these losses justify the over-fortification of the aforementioned vitamins in
these LC-PUFA supplemented IFs. Iron and selenium content remained unchanged throughout storage.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Human milk is the ideal food for newborns. It provides
all nutrient needs, such as protein, carbohydrates and lipids.
Human milk contains micronutrients, namely vitamins and
minerals, which are essential during the first month of a
baby’s life. In general, vitamin A refers to all-trans-retinol,
which is the most active form of this vitamin, while vitamin
E is a collective term for tocopherols (a, b, c and d) and
tocotrienols (Blake, 2004, 2005), and vitamin C (L-ascorbic
acid) is a water soluble vitamin. Vitamin A is essential for
0308-8146/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.foodchem.2007.09.048

* Corresponding author. Tel.: +34 93 4024512; fax: +34 93 4035931.
E-mail address: mclopez@ub.edu (M.C. López-Sabater).
the maintenance of healthy vision, healthy skeletal and
tooth development, cellular differentiation, proliferation
and reproduction, and integrity of the immune system
(Olson, 1987, 1994; Spannaus-Martin, Cook, Tan-
umihardjo, Duitsman, and Olson, 1998; Tanumihardjo
et al., 1990). The predominant physiological function of
vitamin E is its antioxidant activity. Vitamin E protects
the fatty acids by interfering with the free radical reactions
that can result in cellular damage. Finally, vitamin C func-
tions in the body as a cofactor for critical enzyme systems
and as a reducing agent (Levine et al., 1996).

Iron-containing compounds serve many essential bio-
logical functions, including oxygen transport and storage
(haemoglobin and myoglobin) and the generation of cellu-
lar energy as ATP, via oxidative metabolism, involving the

mailto:mclopez@ub.edu
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iron-containing cytochrome enzymes (Yip, 1994). Finally,
the biochemical importance and the essential nature of sele-
nium are related to its presence in a number of functionally
active proteins. It is an essential component of glutathione
peroxidase, which functions to reduce lipid peroxidation,
and it has a prooxidant role in products with low water
content (Driskell, Giraud, Drewel, and Davy, 2006; Kim,
Lora, Giraud, and Driskell, 2006).

Currently, it is suggested that milk-based powder infant
formulas (IF) should contain long chain-polyunsaturated
fatty acids (LC-PUFA), similar to those of human milk.
Therefore, some IF manufacturers include LC-PUFA in
formula composition. Fatty acid unsaturation increases
the rate of oxidation and, although the amount of LC-
PUFA in supplemented formulas is low, it needs substantial
antioxidant protection (Gonzalez-Corbella, Tortras-
Biosca, Castellote-Bargallo, and Lopez-Sabater, 1999).
Tocopherols are naturally-occurring lipid antioxidants,
which specifically inhibit the oxidation of polyunsaturated
fatty acids (PUFA), such as linoleic (LA, C18:2 n � 6), a-
linolenic (ALA, C18:3 n � 3), arachidonic (AA, C20:4
n � 6) and docosahexaenoic (DHA, C22:6 n � 3) acids.
Tocopherols, retinol and ascorbic acid are added to IFs,
both to improve vitamin content and to prevent lipid oxida-
tion during manufacture and storage, thereby helping to
extend product shelf-life. Fortification of IFs with the most
stable vitamin esters, such as a-tocopherol acetate, retinol
acetate, or retinol palmitate, is required (Blake, 2005; Brige-
lius-FlohE and Traber, 1999; Parrish, 1980). These mole-
cules are more stable than their analogues from vegetable
oils and less susceptible to oxidation.

The European Communities Commission (2006/141/CE)
established the limits of vitamins A, E and C, which can be
added to meet nutritional requirements and to guarantee
the stability of the product. It is usual for manufacturers
to add a higher quantity of vitamins (A, E and C) to the
IFs than that indicated on the formulas’ label, to compen-
sate for losses during manufacture and storage. However,
the real content of those vitamins after manufacture and
storage at different temperatures needs to be checked, to
ensure correct intake and the accuracy of the label state-
ments. There exists a lack of information about the stability
of the isomers of vitamin A and E, vitamin C, iron and sele-
nium in LC-PUFA supplemented IF powder.

The main aims of this work were: first, to survey the
content of vitamin A (as retinol palmitate or retinol ace-
tate), vitamin E (as a-tocopherol, a-tocopherol acetate,
c-tocopherol and d-tocopherol), vitamin C (as ascorbic
acid), and the iron and selenium content in two types
of LC-PUFA supplemented infant milk-based powdered
formulas, in relation to the label statements; second, to
evaluate the stability of the aforementioned micronutri-
ents during the full shelf-life of the product under differ-
ent storage conditions (25 and 40 �C); and, third, to
study the compliance of those vitamin and mineral con-
tents with the recently published European legislation
(2006/141/CE).
2. Experimental

2.1. Reagents and standards

The chemicals used for sample preparation were of ana-
lytical reagent grade. Hexane, methanol and ethyl acetate,
all of HPLC grade, were obtained from SDS (Peypin,
France); absolute ethanol and HPLC-grade acetic acid
from Panreac (Barcelona, Spain); meta-phosphoric acid,
and a-tocopherol acetate standard from Fluka (Buchs,
Switzerland); standards of a-, c- and d-tocopherol, all-
trans-retinol palmitate, and retinol acetate from Sigma
(St. Louis, MO). The ascorbic acid standard was obtained
from Merck (Darmstadt, Germany).
2.2. Instruments

For vitamin A and E determination, we used a Hewlett-
Packard (HP) liquid chromatographic system (Waldbronn,
Germany) with an HP 1050 pump, an HP-1040 M photo-
diode-array detector, and a Waters 717 Plus autosampler
injector (Milford, MA). A Pinnacle II silica short-nar-
row-bore column (50 � 2.1 mm i.d.) of 3-lm particle size,
with a silica pre-column guard cartridge (10 � 2 mm) from
Restek (Bellefonte, PA) was used.

For vitamin C determination, an HP liquid chromato-
graphic system with HP 1050 pump, Waters 717 Plus auto-
sampler injector and a UV–vis detector, SPD-10 AV VP
(Shimadzu, Kyoto, Japan) was used. The analytical col-
umn used was a Tracer Excel 120 ODSB (250 � 4.0 mm
I.D., 5 lm particle size) protected with a guard cartridge
(Tracer, C18, 5 lm), both from Tracer (Tecknokroma, Bar-
celona, Spain).
2.3. Samples

The two types of LC-PUFA supplemented IF powder
samples were obtained from a pilot scale food plant. The
first type (IF-A) was supplemented with vitamin A
(640 lg of retinol equivalents [RE]/100 g), in the form of
retinol acetate, and the second type (IF-B) was supple-
mented with vitamin A (606 lg RE/100 g), in the form of
retinol palmitate. Both formulas were also supplemented
with vitamin E as a-tocopherol acetate, IF-A containing
25 mg a-tocopherol equivalents [TE]/100 g and IF-B con-
taining 6.1 mg a-TE/100 g, and vitamin C (IF-A: 60 mg/
100 g, IF-B: 68 mg/100 g) as ascorbic acid. The formulas
were packed in airtight containers flushed with a nitro-
gen-modified atmosphere N2/CO2 (<2% O2). Formula
composition is reported in Table 1.
2.4. Storage

To evaluate the evolution of selected vitamins and min-
erals during the shelf-life of IFs, the product was kept at 25
or 40 �C from production until 0, 1, 3, 6, 9, 12, 15 and



Table 1
Composition of the studied formulas, according to the information on the
label

Mean values per 100 g

IF-A IF-B

Energetic value (kJ/kcal) 2038/487 2132/509
Protein (g) 10 9.5
Carbohydrate (g) 53.3 58
Lactose (g) 46.1 41
Fat (g) 26 26
Arachidonic acid (mg) 47 91
Docosahexaenoic acid (mg) 25 53
Sodium (mg) 175 129
Potassium (mg) 540 401
Chloride (mg) 330 341
Calcium (mg) 420 348
Phosphorus (mg) 230 174
Magnesium (mg) 42 45
Iron (mg) 6 6.1
Zinc (mg) 6 4.5
Copper (lg) 300 273
Iodine (lg) 100 53
Selenium (lg) 10.7 9
Vitamin A (lg RE)) 640 606
Vitamin D (lg) 10.3 8.3
Vitamin E (mg a-TE) 25 6.1
Vitamin K (lg) 42 38
Vitamin B1 (lg) 520 568
Vitamin B2 (lg) 620 908
Vitamin B6 (lg) 825 379
Vitamin B12 (lg) 2 1.3
Vitamin C (mg) 60 68
Niacin (mg) 6 8.3
Folic acid (lg) 42 68
Pantothenic acid (mg) 3.2 3
Biotin (lg) 16 15
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18 months; 25 �C constitutes the usual ambient tempera-
ture in markets and food stores, while 40 �C is a tempera-
ture which can be reached under extreme conditions in
stores without air conditioning in the summer. Once stor-
age was completed, analytical determinations were subse-
quently conducted.

2.5. Vitamin A, E and C determinations

Tocopherols (a-tocopherol, a-tocopherol acetate, c-
tocopherol and d-tocopherol) and retinol acetate or palm-
itate compounds in the formulas were measured according
to a previously reported HPLC method (Chávez-Servı́n,
Castellote, and López-Sabater, 2006). Vitamin C content
in the formulas was measured according to the HPLC
method reported by Romeu-Nadal, Morera-Pons, Castell-
ote, and Lopez-Sabater (2006). All analyses were carried
out in quadruplicate.

2.6. Iron and selenium determinations

Iron and selenium analyses were determined by graphite
furnace atomic absorption spectrometry, as reported in
Aleixo and Nobrega (2003).
2.7. Statistical analysis

For statistical analysis, we used one-way analysis of
variance, as well as multiple comparisons, using the
Tukey HSD procedure for each IF and storage time.
We conducted statistical analysis using the SPSS pack-
age for Windows version 12 (SPSS, Chicago, IL). The
level of statistical significance was set at 5% for all
analyses.
3. Results and discussion

3.1. Vitamin A content

Vitamin A activity is expressed as retinol equivalents
(RE), with 1 RE equal to 1 lg all-trans-retinol, 6 lg all-
trans-b-carotene and 12 lg of other provitamin A carote-
noids, (Anonymous, 1998; Olson, 1989). Table 2 reports
the values for retinol acetate or palmitate and the respec-
tive values expressed as RE, following the equivalence:

1 lg retinol ¼ 1:146 lg retinol acetate

¼ 1:832 lg retinol palmitate:

IFs are most commonly fortified with vitamin A in the
form of retinol acetate (as IF-A) or retinol palmitate (as
IF-B) because these molecules are more stable and less sus-
ceptible to oxidation than their respective analogues from
vegetable oils. At the beginning of the study, in IF-A (time
0), a value of 0.90 mg RE/100 g was found, while the con-
tent according to the label was 0.64 mg RE/100 g; there-
fore, this represents an adequacy value of 140%. Also, in
IF-B (time 0) a value of 0.85 mg RE/100 g was found,
which means an adequacy value of 139% according to
the label statements (Table 2). However, a constant
decrease of vitamin A (as retinol acetate and retinol palm-
itate) during storage was observed in both formulas. At
25 �C, after 18 months of storage, IF-A recorded a value
of 0.73 mg RE/100 g, which represents losses of 18% with
respect to the initial content, and an adequacy of 114.5%
according to the label. IF-B under the same conditions
recorded a value of 0.67 mg RE/100 g, which represents
losses of about 21%, with respect to the initial content.
When the formulas were stored at 40 �C, losses of vitamin
A were higher than expected. IF-A showed values of
0.65 mg RE/100 g, which represents losses of about
27.5% and a label adequacy of 102%, while IF-B showed
values of 0.60 mg RE/100 g, showing losses of 29% and a
label adequacy of 99%. In both formulas, vitamin A losses
in the form of retinol acetate (IF-A) and retinol palmitate
(IF-B) were observed in a similar way.

Over-fortification of vitamin A is regulated due to pos-
sible toxicity from excessive intake, because vitamin A is
stored in the body. European legislation (2006/141/CE)
establishes the limits for vitamin A in IF, the minimum
being 60 lg RE/100 kcal and the maximum 180 lg RE/
100 kcal. The studied formulas are between these limits



Table 2
Analysis of vitamin A content in infant formulas during storage

Sample Storage
(months)

Retinyl acetateI or
palmitateII (mg/100 g)

RE Found
(mg/100 g)

Label
(mg/100 g)

Losses
(%)

Adequacy
(%)

lg RE/
100 kcal

IF-AI 0 1.03 ± 0.03a 0.90 ± 0.03a 0.64 – 140.2 174 ± 5.10
25 �C 1 1.00 ± 0.01a 0.87 ± 0.01a 2.8 136.3 169 ± 2.04

3 0.99 ± 0.03a 0.86 ± 0.02a 3.9 134.8 168 ± 4.65
6 0.94 ± 0.01b 0.82 ± 0.01b 8.5 128.2 159 ± 2.41
9 0.85 ± 0.04c 0.74 ± 0.04c 17.7 115.4 143 ± 7.42

12 0.85 ± 0.04c 0.74 ± 0.03c 17.5 115.7 144 ± 6.78
15 0.85 ± 0.01c 0.74 ± 0.00c 17.8 115.2 143 ± 0.97
18 0.84 ± 0.00c 0.73 ± 0.00c 18.3 114.5 142 ± 0.37

IF-AI 0 1.03 ± 0.03a 0.90 ± 0.03a 0.64 – 140.2 174 ± 5.10
40 �C 1 0.99 ± 0.04a 0.86 ± 0.04a 3.8 134.9 168 ± 7.59

3 0.97 ± 0.03a 0.85 ± 0.02a 5.8 132.1 164 ± 4.44
6 0.82 ± 0.02b 0.71 ± 0.02b 20.7 111.3 138 ± 3.68
9 0.78 ± 0.02c 0.68 ± 0.02c 24.2 106.3 132 ± 3.72

12 0.77 ± 0.01c 0.67 ± 0.01c 24.9 105.3 131 ± 2.06
15 0.77 ± 0.02c 0.67 ± 0.02c 25.5 104.5 130 ± 3.26
18 0.75 ± 0.02c 0.65 ± 0.01d 27.5 101.7 126 ± 2.63

IF-BII 0 1.55 ± 0.04a 0.85 ± 0.02a 0.61 – 139.0 167 ± 4.30
25 �C 1 1.37 ± 0.03b 0.75 ± 0.02b 11.9 122.4 147 ± 3.30

3 1.36 ± 0.05b 0.74 ± 0.02b 12.7 121.3 145 ± 4.87
6 1.35 ± 0.01b 0.74 ± 0.01b 13.3 120.5 144 ± 1.33
9 1.25 ± 0.09c 0.68 ± 0.05c 19.3 112.2 134 ± 9.18

12 1.25 ± 0.08c 0.68 ± 0.05c 19.8 115.5 134 ± 8.85
15 1.24 ± 0.03c 0.68 ± 0.02c 20.1 111.0 133 ± 3.24
18 1.23 ± 0.03c 0.67 ± 0.01c 21.0 109.8 132 ± 2.94

IF-BII 0 1.55 ± 0.04a 0.85 ± 0.02a 0.61 – 139.0 167 ± 4.30
40 �C 1 1.37 ± 0.02b 0.75 ± 0.01b 12.0 122.3 147 ± 1.95

3 1.35 ± 0.06b 0.74 ± 0.03b 13.3 120.5 144 ± 5.90
6 1.28 ± 0.07b 0.70 ± 0.04b 17.9 114.1 137 ± 7.09
9 1.24 ± 0.07c 0.68 ± 0.04c 20.1 111.0 133 ± 7.83

12 1.22 ± 0.05c 0.66 ± 0.03c 21.7 108.8 130 ± 5.73
15 1.18 ± 0.03c 0.64 ± 0.01c 24.0 105.6 127 ± 2.85
18 1.10 ± 0.03d 0.60 ± 0.02d 29.0 98.7 118 ± 3.37

Values are expressed as means ± standard deviation of four determinations. Repetitions in superscripted letters within the same column and in formula
indicate no significant differences (p > .05).
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even after 18 month of storage at 40 �C (Table 2). At the
beginning of the study, IF-A and IF-B contained higher
amounts (2.90 times and 2.77 times, respectively) than this
minimum level. Levels in IF-A were 174 lg RE/100 kcal
and IF-B 166 lg RE/100 kcal, below the upper limit.

Delgado-Zamarreno, Bustamante-Rangel, Garcia-
Jimenez, Sanchez-Perez, and Carabias-Martinez (2006)
reported values of vitamin A (as retinol acetate) in the
range of 0.59–0.74 mg RE/100 g in four types of IFs.
These values were between 113% and 120% of adequacy
respect to the labels’ information. Similarly, Albalá-Hur-
tado, Veciana-Nogues, Vidal-Carou, and Font (2001)
reported values of vitamin A of 0.64–1.06 mg RE/100 g
in starting liquid, and 0.43–1.09 mg RE/100 g in starting
powdered IF, so the reported values on the label were
close to the values found (mean 134% ± 17) in samples.
Other studies have reported values more than twice those
declared on the labels in several IFs (Albalá-Hurtado,
Veciana-Nogues, Vidal-Carou, and Marine-Font, 2000;
Landen et al., 1985).
3.2. Vitamin E content

The standard for comparison is dl-a-tocopherol, which
is defined to be 1.49 IU/mg or 1 tocopherol equivalent
(TE). The activities of other isomers relative to the a-iso-
mer (a-T) are about 70% (0.7 TE/mg) for dl-a-tocopherol
acetate (a-TAc), 40% or 0.4 TE/mg for b-tocopherol ace-
tate (b-T), 10–30% or 0.1–0.3 TE/mg for d-tocopherol ace-
tate (d-T), and about 10% or 0.1 TE/mg for d-tocopherol
acetate (d-T). The vitamin E content is expressed as a-
TE, using the formula:

a-TE ¼ ½d-T� þ ð0:2� ½d-T�Þ þ ð0:1Þ � ð½d-T�Þ þ ð0:7Þ
� ð½a-TAc�Þ:

The studied formulas were supplemented with a-tocoph-
erol acetate at two levels, IF-A (25 mg a-TE/100 g) and
IF-B (6.1 mg a-TE/100 g). However, IFs also contain toc-
opherols derived from the vegetable oils used for formula
manufacturing. In both formulas, at the beginning of the



Table 3
Analysis of vitamin E content in different infant formulas during storage by NP-HPLC-DAD

Sample Storage
(days)

a-T (mg/
100 g)

c-T (mg/
100 g)

d-T (mg/
100 g)

a-TAc (mg/
100 g)

a-TE Found
(mg/100 g)

a-TE Label
(mg/100 g)

Losses
(%)

Adequacy
(%)

a-TE mg/
100 kcal

IF-A 0 6.18 ± 0.29a 1.62 ± 0.11a – 29.8 ± 1.28a 27.3 ± 0.99a 25 – 109 5.31 ± 0.19
25 �C 1 5.88 ± 0.08a 1.48 ± 0.02b – 29.1 ± 0.92a 26.5 ± 0.72a 2.9 106 5.15 ± 0.14

3 6.02 ± 0.15a 1.48 ± 0.03b – 29.1 ± 0.88a 26.7 ± 0.77a 2.3 107 5.18 ± 0.15
6 5.89 ± 0.09a 1.42 ± 0.03b – 28.4 ± 0.50a 26.0 ± 0.42a 4.8 104 5.05 ± 0.08
9 5.34 ± 0.27b 1.29 ± 0.07c – 25.9 ± 0.87b 27.3 ± 0.85a 13.2 94.9 4.61 ± 0.16

12 5.35 ± 0.25b 1.30 ± 0.07c – 26.0 ± 0.85b 23.8 ± 0.80b 13.0 95.1 4.62 ± 0.16
15 5.27 ± 0.13b 0.82 ± 0.00d – 25.7 ± 0.14b 23.4 ± 0.11b 14.3 93.7 4.55 ± 0.02
18 5.35 ± 0.48b 0.74 ± 0.02e – 24.2 ± 0.61b 22.4 ± 0.56b 17.9 89.7 4.35 ± 0.11

IF-A 0 6.18 ± 0.29a 1.62 ± 0.11a – 29.8 ± 1.28a 27.3 ± 0.99a 25 – 109 5.31 ± 0.19
40 �C 1 5.95 ± 0.17a 1.59 ± 0.03a – 29.1 ± 1.77a 26.6 ± 1.47a 2.6 107 5.17 ± 0.29

3 6.02 ± 0.15a 1.58 ± 0.06a – 28.5 ± 1.43a 26.3 ± 0.78a 3.9 105 5.10 ± 0.15
6 5.83 ± 0.11b 1.40 ± 0.08b – 27.8 ± 1.40b 25.5 ± 1.43a 6.5 102 4.96 ± 0.28
9 5.09 ± 0.14c 1.29 ± 0.02c – 24.1 ± 1.76c 22.2 ± 1.14b 18.8 88.8 4.31 ± 0.22

12 5.04 ± 0.20c 1.23 ± 0.03d – 23.9 ± 1.74c 22.0 ± 1.16b 19.5 88.0 4.27 ± 0.23
15 5.20 ± 0.09c 0.81 ± 0.04e – 24.0 ± 1.61c 22.2 ± 1.06b 18.8 88.7 4.31 ± 0.21
18 4.78 ± 0.06d 0.71 ± 0.02f – 19.3 ± 1.04d 21.0 ± 0.69b 23.1 84.0 4.08 ± 0.13

IF-B 0 6.47 ± 0.21a 4.90 ± 0.06a 1.21 ± 0.03a 6.46 ± 0.53a 12.1 ± 0.57a 6.1 – 198 2.38 ± 0.11
25 �C 1 6.06 ± 0.05b 4.56 ± 0.06b 1.15 ± 0.04b 6.20 ± 0.53a 11.4 ± 0.40a 5.4 188 2.25 ± 0.08

3 5.96 ± 0.05b 4.65 ± 0.08b 1.08 ± 0.05c 5.89 ± 0.08a 11.1 ± 0.10b 8.1 182 2.18 ± 0.02
6 5.93 ± 0.10b 4.64 ± 0.09b 0.71 ± 0.16d 5.96 ± 0.15a 11.1 ± 0.21b 8.2 182 2.18 ± 0.04
9 5.61 ± 0.14c 4.48 ± 0.03c – 5.84 ± 0.21a 10.6 ± 0.29b 12.4 174 2.08 ± 0.06

12 5.58 ± 0.10c 4.45 ± 0.03c – 5.80 ± 0.15a 10.5 ± 0.22b 13.0 173 2.07 ± 0.04
15 5.60 ± 0.11c 4.57 ± 0.07c – 5.92 ± 0.26a 10.7 ± 0.52b 11.8 175 2.09 ± 0.10
18 5.55 ± 0.11c 4.50 ± 0.13c – 5.86 ± 0.23a 10.6 ± 0.56b 12.8 173 2.07 ± 0.11

IF-B 0 6.47 ± 0.21a 4.90 ± 0.06a 1.21 ± 0.09a 6.46 ± 0.53a 12.1 ± 0.57a 6.1 – 198 2.38 ± 0.11
40 �C 1 5.97 ± 0.09b 4.51 ± 0.12b 0.99 ± 0.07b 6.22 ± 0.30a 11.3 ± 0.29a 6.3 186 2.23 ± 0.06

3 5.93 ± 0.12b 4.56 ± 0.19b – 5.97 ± 0.36a 11.0 ± 0.26b 8.8 181 2.17 ± 0.09
6 5.60 ± 0.18c 4.54 ± 0.17b – 5.85 ± 0.45a 10.6 ± 0.18b 12.3 174 2.08 ± 0.04
9 5.03 ± 0.10d 4.51 ± 0.11b – 5.57 ± 0.42a 9.83 ± 0.78b 18.7 161 1.93 ± 0.15

12 4.92 ± 0.12d 4.29 ± 0.07c – 5.46 ± 0.33b 9.60 ± 0.33c 20.6 157 1.89 ± 0.08
15 4.63 ± 0.03e 4.06 ± 0.09d – 5.39 ± 0.49b 9.22 ± 0.12c 23.7 151 1.81 ± 0.06
18 4.42 ± 0.10f 3.49 ± 0.07e – 5.12 ± 0.36b 8.70 ± 0.21d 28.1 143 1.71 ± 0.04

Values are expressed as means ± standard deviation of four determinations. Repetitions in superscripted letters within the same column and formula
indicate no significant differences (p > .05).
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study (time 0), similar quantities of a-tocopherol were
observed (IF-A: 6.18 mg/100 g and IF-B: 6.47 mg/100 g),
as well as c-tocopherol (IF-A: 1.62 mg/100 g and IF-B:
4.90 mg/100 g); d-tocopherol was only detected in IF-B
(1.21 mg/100 g) (Table 3). The initial value of a-TAc in
IF-A was 29.75 mg/100 g, and at the end of the study, it
was 24.19 mg/100 g (18.7% loss) at 25 �C and 19 mg/
100 g (35.3% loss) at 40 �C. In IF-B, a value of 6.46 mg
a-TAc/100 g was recorded at the beginning of the study
(time 0). After 18 months of storage at 25 �C, 5.86 mg a-
TAc/100 g remained (9.3% loss) and at 40 �C 5.12 mg a-
TAc/100 g remained (20.7% loss) (Table 3).

According to the label, IF-A contains 25 mg a-TE/
100 g, the measured value was 27.3 mg a-TE/100 g, which
represents an adequacy value of 109.3%. However, after
18 months of storage the recorded values were 22.4 mg a-
TE/100 g at 25 �C (which represents 89.7% of the stated
label) and 21 mg a-TE/100 g at 40 �C (an adequacy of
84%). According to the label, the IF-B content is 6.1 mg
a-TE/100 g, and the initial recorded value (time 0) was
12.1 mg a-TE/100 g, which represents an adequacy value
of 198%. After 18 months of storage at 25 and 40 �C,
recorded values were 10.5 and 8.7 mg a-TE/100 g, which
represents adequacy values of 173% and 142%, with respect
to label information.

In formula IF-A, over-fortification to ensure the content
of the label information, was not sufficient; however, the
average content of a-TE, according to the labels, in most
commercial IFs is about 5.9 a-TE/100 g (in the range 3–
13 a-TE). IF-A has a higher vitamin E content (25 mg a-
TE/100 g), in comparison with commercial IFs. IF-B con-
tained amounts closer to twice the declared values (Table
3), which is consistent with other reports (Albalá-Hurtado
et al., 2001; Landen et al., 1985). Albalá-Hurtado et al.
(2001) reported ranges of vitamin E in starting liquid milk
from 8.9 to 24.44 mg a-TE/100 g and in starting powdered
milk from 6.66 to 22.22 mg a-TE/100 g, after saponificat-
ing the samples and analyzing by RP-HPLC. Delgado-
Zamarreno et al. (2006) studied tocopherols in several
IFs, using pressurised liquid extraction and liquid chroma-
tography with amperometric detection, obtaining values of
vitamin E of 6.63 mg a-TE/100 g in a starter hypoallergenic
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IF and 14.5 mg a-TE/100 g in a starter adapted protein IF.
Miquel, Alegria, Barbera, Farre, and Clemente (2004)
reported values of vitamin E by normal-phase HPLC of
2.20, 1.90, 1.61 and 1.78 mg a-TE/100 kcal in four IFs;
the first two supplemented with a-T and the last two with
a-TAc, immediately after opening packets, the mean ade-
quacy value being 185% with respect to the composition
stated on the labels. Human milk has been reported to con-
tain between 3.0 and 5.6 mg/l (0.45–0.8 mg/100 kcal) of
vitamin E (Barbas and Herrera, 1998; Bohm et al., 1997;
Chappell, Francis, and Clandinin, 1985). European legisla-
tion (2006/141/CE) establishes a minimum vitamin E con-
tent in IF of 0.5 mg a-TE/g of PUFA, and never less than
0.5 mg a-TE/100 kcal. IF-A and IF-B have 10.62 times and
4.76 times the minimum recommended level of vitamin E
(Table 3). Previously no maximum limit was specified for
vitamin E (96/4/CE). Nowadays (2006/141/CE, 2006) a
maximum level of 5 mg a-TE/100 kcal is currently specified
for vitamin E. IF-A contained slightly higher levels (1.06
times) than this maximum limit, and it must be adapted
to the new regulation.
Table 4
Analysis of vitamin Ccontent in infant formulas during storage

Sample Storage (months) Vitamin Cx (mg/100 g) Label

IF-A 0 100 ± 3.51a 60
25 �C 1 99.1 ± 2.19a

3 98.0 ± 3.51a

6 95.3 ± 2.01b

9 88.3 ± 2.57c

12 85.3 ± 3.52c

15 80.1 ± 2.31d

18 79.9 ± 3.47d

IF-A 0 100 ± 3.51a 60
40 �C 1 93.8 ± 5.54b

3 91.7 ± 3.17b

6 87.9 ± 3.71c

9 83.0 ± 4.01c

12 80.0 ± 2.21c

15 75.1 ± 2.71d

18 71.9 ± 2.22e

IF-B 0 80.5 ± 2.52a 68
25 �C 1 78.8 ± 2.01a

3 76.5 ± 3.11a

6 75.1 ± 2.19b

9 63.3 ± 1.99c

12 60.5 ± 2.56c

15 56.2 ± 1.57d

18 52.5 ± 2.02e

IF-B 0 80.5 ± 2.52a 68
40 �C 1 75.3 ± 2.03b

3 73.1 ± 2.15b

6 70.5 ± 1.81c

9 60.9 ± 2.75d

12 53.5 ± 1.97e

15 45.8 ± 2.05f

18 41.3 ± 2.37g

Vitamin C is referred to as ascorbic acid. Repetitions in superscripted letters
(p > .05).

x Values are expressed as means ± standard deviation of four determination
3.3. Vitamin C content

At the beginning of the study, in IF-A (time 0), a value
of 100 mg/100 g of vitamin C was found, while the label
stated the value to be 60 mg/100 g, which represents an
adequacy of 167%. In IF-B (time 0), a value of 80.5 mg/
100 g of vitamin C was found, which means an adequacy
value of 118%, according to the composition expressed in
the label information (Table 4). Following storage, con-
stant decreases were observed under the conditions tested.
For formulas stored at 25 �C after 18 months of storage,
IF-A contained 79.9 mg/100 g, which represents a loss of
20.4% with respect to the initial content (adequacy to label
of 133%). Under the same conditions, IF-B recorded a
value of 52.5 mg/100 g of vitamin C, which means a loss
of 34.8%. In this case the value is below the label statement
(adequacy of only 77.2%). IF-B showed values lower than
the referred label value of 68 mg/100 g after only 9 months
at 25 �C.

When formulas were stored at 40 �C, greater losses were
observed. In IF-A after 18 months of storage, a value of
(mg/100 g) Losses (%) Adequacy (%) mg/100 kcal

– 167 19.5 ± 0.53
1.30 165 19.2 ± 0.21
2.39 163 19.0 ± 0.52
5.13 159 18.5 ± 0.21

12.1 147 17.1 ± 0.25
15.0 142 16.6 ± 0.51
20.3 133 15.6 ± 0.23
20.4 133 15.5 ± 0.35

– 167 19.5 ± 0.53
6.57 156 18.2 ± 0.22
8.65 153 17.8 ± 0.31

12.5 146 17.1 ± 0.33
17.3 138 16.1 ± 0.41
20.3 133 15.5 ± 0.33
25.3 125 14.6 ± 0.32
28.4 120 14.0 ± 0.20

– 118 15.8 ± 0.25
2.11 116 15.5 ± 0.21
4.97 112 15.0 ± 0.34
6.67 110 14.8 ± 0.22

21.3 93.1 12.4 ± 0.21
24.8 89.0 11.9 ± 0.25
30.1 82.7 11.1 ± 0.19
34.8 77.2 10.3 ± 0.20

– 118 15.8 ± 0.25
6.49 111 14.8 ± 0.22
9.16 108 14.4 ± 0.22

12.4 104 13.9 ± 0.26
24.3 89.6 12.0 ± 2.27
33.5 78.7 10.5 ± 0.18
43.1 67.4 9.00 ± 0.11
48.7 60.8 8.12 ± 0.25

within the same column and formula indicate no significant differences

s.
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71.9 mg/100 g of vitamin C was recorded, a loss of 28.4%.
However, this value complies with the label statements
(adequacy of 119.80%). In IF-B, a value of 41.3 mg/100 g
of vitamin C was recorded after 18 months of storage,
which represents losses of 48.7% of the vitamin C, with
respect to the initial content (adequacy 60.8%). After
9 months of storage at 40 �C, IF-B showed levels lower
than the referred value on the product’s label (Table 4).
In IF-B, over-fortification of vitamin C was not enough
to ensure the correctness of the label statement after
9 months of storage at both 25 and 40 �C.

The values found in the two formulas are in agree-
ment with those reported by Behrens and Madere
(1989) in powdered IF (46.4–86.3 mg/100 g) and by Mar-
tin et al. (1987) in IF manufactured in the United States
(15.3 ± 3.2 mg/100 kcal in milk-based IF). Our values are
slightly higher than the values reported by Esteve et al.
(1995) on milk-based and soy-based infant formula
(49.28 mg/100 g and 45.27 mg/100 g, respectively), and
those reported by Fontannaz, Kilinc, and Heudi (2006),
who found values of ascorbic acid in IF in the range
of 39.5–62.2 mg/100 g.
Table 5
Analysis of iron content in infant formulas during storage

Sample Storage (months) Iron (mg/100 g)

IF-A 0 3.90 ± 0.26a

25 �C 1 3.82 ± 0.26a

3 3.75 ± 0.27a

6 3.54 ± 0.11a

9 3.52 ± 0.25a

12 3.79 ± 0.13a

15 3.72 ± 0.16a

18 3.80 ± 0.32a

IF-A 0 3.90 ± 0.26a

40 �C 1 3.84 ± 0.05a

3 3.61 ± 0.13a

6 3.58 ± 0.21a

9 3.65 ± 0.22a

12 3.95 ± 0.36a

15 3.51 ± 0.42a

18 3.89 ± 0.23a

IF-B 0 3.98 ± 0.14a

25 �C 1 4.00 ± 0.35a

3 4.24 ± 0.33a

6 4.22 ± 0.19a

9 4.47 ± 0.57a

12 4.37 ± 0.41a

15 4.35 ± 0.41a

18 4.21 ± 0.28a

IF-B 0 3.98 ± 0.14a

40 �C 1 4.24 ± 0.16a

3 4.56 ± 0.12a

6 4.50 ± 0.31a

9 4.42 ± 0.12a

12 4.48 ± 0.22a

15 4.59 ± 0.59a

18 4.55 ± 0.32a

Values are expressed as means ± standard deviation of three determinations.
indicate no significant differences (p > .05).
The vitamin C content of mature milk varies widely
from 30 to 100 mg/l (4.5 to 15 mg/100 kcal) (Bank, Kirk-
sey, West, and Giacoia, 1985; Bates, Prentice, Prentice,
and Whitehead, 1982; Byerley and Kirksey, 1985; Salmen-
pera, 1984; Sneed, Zane, and Thomas, 1981), and decreases
during the course of lactation. The current European legis-
lation (2006/141/CE, 2006) has established a minimum of
10 mg/100 kcal and a maximum of 30 mg/100 kcal. In all
tested conditions the studied formulas complied with this
new regulation, with the exception of IF-B at 40 �C after
15 months of storage (Table 4).

3.4. Iron contents

The iron levels in IF-A under all studied conditions were
between 3.51 and 3.95 mg/100 g (0.68–0.77 mg/100 kcal),
which represents an adequacy from 58.5% to 65.8% (Table
5), with respect to label information which specified a con-
tent of 6 mg/100 g. Values of iron in IF-B were between
3.98 and 4.59 mg/100 g (0.78–0.90 mg/100 kcal), which
represents adequacy values from 65.3% to 75.3%, with
respect to label information. In both studied formulas val-
Iron (mg/l) Iron (mg/100 kcal) Adequacy (%)

5.27 0.76 65.0
5.16 0.74 63.7
5.06 0.73 62.5
4.78 0.69 59.0
4.75 0.68 58.7
5.12 0.74 63.2
5.02 0.72 62.0
5.13 0.74 63.3

5.27 0.76 65.0
5.18 0.75 64.0
4.87 0.70 60.2
4.83 0.70 59.7
4.93 0.71 60.8
5.33 0.77 65.8
4.74 0.68 58.5
5.25 0.76 64.8

5.25 0.78 65.3
5.28 0.79 65.6
5.60 0.83 69.5
5.57 0.83 69.2
5.90 0.88 73.3
5.77 0.86 71.6
5.74 0.85 71.3
5.56 0.83 69.0

5.25 0.78 65.3
5.60 0.83 69.5
6.02 0.90 74.8
5.94 0.88 73.8
5.83 0.87 72.5
5.91 0.88 73.4
6.06 0.90 75.3
6.01 0.89 74.6

Repetitions in superscripted letters within the same column and formula
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ues of iron were lower than the values reported on the
labels. The measured values are slightly lower than values
reported by other authors in IF milk-based powder from
Nigeria (8.49 ± 1.21 mg/l), United Kingdom milk-based
liquid first and follow-on formulas (11.3 ± 2.26 mg/l),
United States of America milk-based powder formulas
(9.30 ± 0.46 mg/l) and soy-based powder formula
(9.14 ± 0.29 mg/l) (Ikem, Nwankwoala, Odueyungbo,
Nyavor, and Egiebor, 2002).

Human milk iron content is highest in early lactation,
diminishes over the course of about 5 months, and gradu-
ally rises thereafter (Casey, Smith, and Zhang, 1995). The
iron content of human milk does not appear to be affected
by maternal iron status (Lonnerdal, 1986). The reported
mean values for mature human milk range from 0.2 to
0.8 mg/l (0.03 to 0.12 mg/100 kcal) (Anderson, 1992; Fee-
ley, Eitenmiller, Jones, and Barnhart, 1983; Hirai et al.,
1990; Lonnerdal and Hernell, 1994). However, the ability
to make recommendations about the appropriate iron con-
tent of infant formulas is limited by several factors includ-
ing, among others:

(a) the lack of an ideal standard. Unlike other nutrients,
human milk cannot be used as the standard for estab-
lishing minimum iron levels for infant formulas, pri-
marily because of evidence to indicate that
exclusively breast-fed infants are at risk of iron defi-
ciency anaemia after the age of 6 months,

(b) the bioavailability of iron from various sources,
including breast milk and various formulas, is not
known,

(c) concerns about the impact of iron on gastrointestinal
function and health of the infant,

(d) the potential nutrient interactions make estimation of
appropriate iron content of infant formulas difficult,

(e) the safety of ‘‘low-iron” formulas, and
(f) the risks associated with excessive iron intake.

The difficulty in making recommendations about iron
content in infant formulas is due in part to the incomplete
understanding of iron status in infants, particularly breast-
fed infants. An incongruity exists between the concentra-
tions of iron in breast milk and the infant’s ability to
maintain adequate iron status, at least during the first
6 months of life. Some commercially produced ‘‘iron-forti-
fied” formulas contain approximately 12 mg/l of iron
(1.8 mg/100 kcal). Formula products labelled as ‘‘low-
iron” contain between 1.3 and 4.7 mg/l (0.2 and 0.7 mg/
100 kcal) of iron. The justification for low-iron products
is that their use will alleviate gastrointestinal problems
(mainly constipation), presumed to be associated with the
iron content of conventional formulas. These perceptions
have been tested empirically in a number of studies (Brad-
ley, Hillman, Sherman, Leedy, and Cordano, 1993; Hyams
et al., 1995; Nelson, Ziegler, Copeland, Edwards, and
Fomon, 1988; Oski, 1980). Also, iron has been reputed to
interact with the absorption of several other minerals,
including copper, zinc and manganese (Solomons, 1986).
In addition, a number of deleterious effects have been
attributed to excessive iron intake. For example, iron acts
as a catalyst for free radical generating reactions; conse-
quently, an excess of free iron can enhance of cellular oxi-
dative reactions, such as lipid peroxidation, which can lead
to oxidative damage (Halliwell, 1994). The previous Com-
mission of the European Communities (96/4/CE, 1996)
specified a minimum iron level of 0.5 mg/100 kcal and a
maximum iron level of 1.5 mg/100 kcal, a value which
was recently modified (2006/141/CE, 2006) to limits of
0.3 mg/100 kcal and 1.3 mg/100 kcal, respectively. Analysis
showed that iron levels remain unchanged during storage,
and these levels complied with the current European legis-
lation. It would be interesting to analyse Fe(II) and Fe(III)
during storage, due to the oxidant activity of iron, in order
to increase understanding of oxidation reactions during
storage of powdered IF.

3.5. Selenium contents

Table 6 shows the selenium found in the analysed sam-
ples. Analysis showed that selenium levels remain
unchanged throughout storage. The selenium levels in IF-
A in all tested conditions were between 6.90 and 7.90 lg/
100 g (1.34–1.53 lg/100 kcal), which represents adequacy
values from 64.5% to 73.8% with respect to the label, where
a content of 10.7 lg/100 g is specified. Values of IF-B were
between 6.80 and 7.55 lg/100 g (1.34–1.48 lg/100 kcal),
and these are numbers which represent adequacy values
of 75.6–83.9% with respect to label statements. Both types
of formulas contained lower levels of selenium than the
labels stated. IF-A average content was 10.00 ± 0.48 lg/l
and IF-B was 9.67 ± 0.27 lg/l. Using liquid chromatogra-
phy hydride generation atomic fluorescence spectrometry,
Viñas, Lopez-Garcia, Merino-Merono, Campillo, and Her-
nandez-Cordoba (2005) reported selenium in starting milk,
follow-on milk, and soy-based IF in the range of 4.5–
11.2 lg/100 g. Lower values, also using flow injection
hydride atomic absorption spectrometry, were reported in
Spanish milk-based IF in the range 1.8–5.0 lg/l. Using
inductively coupled plasma atomic emission spectrometry
with hydride generator, Navarro-Blasco and Avarez-Gal-
indo (2004) found values in Spanish IF from 2.9 to
17.3 lg/l. L’Abbe, Trick, and Koshy (1996) used a diami-
nonaphthalene fluorimetric method and reported selenium
in Canadian IF, finding values from 3 to 31 lg/l in unsup-
plemented IF and 16 to 35 lg/l in supplemented IF. Foster
and Sumar (1996) determined selenium in IF available in
the UK by hydride generation atomic absorption spec-
trometry and reported figures that ranged from 3.4 to
9.3 lg/100 g for bovine casein and whey-based powdered
IF, 2.3–9.3 lg/100 g for preterm powdered formulas and
2.7–4.9 lg/100 g for hospital administered low birth weight
formulas. Unfortified commercially available infant formu-
las marketed in the United States have been reported to
contain 2.2–9.5 lg/l or 0.33–1.4 lg of selenium/100 kcal



Table 6
Analysis of selenium content in infant formulas during storage

Sample Storage (months) Selenium (lg/100 g) Selenium (lg/l) Selenium (lg/100 kcal) Adequacy (%)

IF-A 0 7.80 ± 0.46a 10.53 1.51 72.9
25 �C 1 7.64 ± 0.32a 10.31 1.48 71.4

3 6.90 ± 0.33a 9.32 1.34 64.5
6 7.08 ± 0.42a 9.56 1.37 66.2
9 7.04 ± 0.33a 9.50 1.37 65.8

12 7.58 ± 0.45a 10.23 1.47 70.8
15 7.44 ± 0.35a 10.04 1.44 69.5
18 7.60 ± 0.37a 10.26 1.48 71.0

IF-A 0 7.80 ± 0.46a 10.53 1.51 72.9
40 �C 1 7.68 ± 0.32a 10.37 1.49 71.8

3 7.22 ± 0.34a 9.75 1.40 67.5
6 7.16 ± 0.45a 9.67 1.39 66.9
9 6.90 ± 0.33a 9.32 1.34 64.5

12 7.90 ± 0.28a 10.67 1.53 73.8
15 7.02 ± 0.38a 9.48 1.36 65.6
18 7.78 ± 0.42a 10.50 1.51 72.7

IF-B 0 7.15 ± 0.27a 9.44 1.40 79.4
25 �C 1 6.80 ± 0.17a 8.98 1.34 75.6

3 7.38 ± 0.35a 9.74 1.45 82.0
6 7.17 ± 0.28a 9.47 1.41 79.7
9 7.52 ± 0.41a 9.93 1.48 83.6

12 7.43 ± 0.37a 9.81 1.46 82.5
15 7.40 ± 0.32a 9.76 1.45 82.2
18 7.16 ± 0.35a 9.45 1.41 79.5

IF-B 0 7.15 ± 0.27a 9.44 1.40 79.4
40 �C 1 7.21 ± 0.18a 9.51 1.42 80.1

3 7.35 ± 0.31a 9.70 1.44 81.7
6 7.52 ± 0.25a 9.93 1.48 83.6
9 7.45 ± 0.32a 9.83 1.46 82.8

12 7.55 ± 0.41a 9.97 1.48 83.9
15 7.45 ± 0.35a 9.83 1.46 82.8
18 7.52 ± 0.25a 9.93 1.48 83.6

Values are expressed as means ± standard deviation of three determinations. Repetitions in superscripted letters within the same column and formula
indicate no significant differences (p > .05).
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(Daniels, Gibson, and Simmer, 1997; Johnson, Smith,
Chan, and Moyermileur, 1993; Smith, Chen, and Thomas,
1995; Smith, Picciano, and Milner, 1982). Van Dael and
Barclay (2006) reported on selenium levels in IF by using
continuous flow hydride generation atomic spectrometry
in several samples of infant and follow-on formulas from
France, Germany, Spain, Netherlands, Brazil, Mexico,
USA, China, India, Australia and Africa. The endogenous
selenium levels found varied between 3.4 and 13.6 lg/l.

Although the data on the bioavailability of selenium
from various milks fed to healthy term infants are limited,
there are sufficient data to deduce that differences do exist
and that they are related to the source and form of sele-
nium in the diet (Daniels, 1996; Lonnerdal, 1985). An addi-
tional, consideration is the potential for interactions
between selenium and other nutrients, including protein,
iron, magnesium, vitamin B6, and ascorbic acid (Jimenez,
Planells, Aranda, SanchezVinas, and Llopis, 1997; Lonner-
dal and Hernell, 1994; Yin et al., 1991). The practical impli-
cations of these potential interactions with selenium for the
establishment of recommendations for the selenium con-
tent of infant formulas are unclear at this time. However,
it appears that fortification of infant formula at selenium
concentrations comparable to those found in human milk
will result in a selenium status equivalent to that of
breast-fed infants nursed by selenium-adequate mothers.

The Commission of the European Communities (2006/
141/CE, 2006) has recently specified a minimum and max-
imum concentration of 1 and 9 lg/100 kcal for selenium in
infant formula. The values found in the samples we studied
are in agreement with this legislation.

Losses of vitamins A, E and C during storage were
observed in both LC-PUFA supplemented infant formula-
tions. In spite of the stability of a-TAc, in comparison with
the tocopherol isomers (namely, a-T, c-T and d-T), losses
of a-TAc were observed in IF-A, during storage. Vitamin
C showed the greatest losses during storage of the studied
vitamins. The iron and selenium values found remained
unchanged during storage and were lower than the label
statements in both formula types. The results justify the
finding that over-fortification in these IFs with vitamin
A, E and C is necessary to ensure that those vitamins meet
the content stated on the labels. Further studies are
required in other supplemented IFs.
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