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Abstract

Vitamins A and E were determined by HPLC in 20 starting, milk-based powdered infant formulae from local markets. We traced the
evolution of these compounds, once the packets had been opened, during 0, 30 and 70 days of storage at room temperature (�25 �C; min.
23 �C, max. 25.5 �C). Immediately after opening the packets, vitamin A ranged from 0.55 to 0.94 mg RE/100 g (93.3–183 lg
RE/100 kcal) and vitamin E from 6.58 to 27.8 mg a-TE/100 g (1.36–5.39 mg a-TE/100 kcal). All the samples had higher vitamins A
and E contents than those declared on the label, vitamin A mean adequacy values: 134% ± 17, min. 98%, max. 162%, and vitamin E
185% ± 47, min. 101%, max. 286%, including values at 0, 30 and 70 days of storage.

All formulae covered the minimum limits for vitamins A and E established by the current Spanish and European legislations, even
after 70 days of storage at room temperature.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

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 tocotrie-
nols (Blake, 2004; Blake, 2005). Vitamin A is essential for
the maintenance of healthy vision, healthy skeletal and
tooth development, cellular differentiation and prolifera-
tion, reproduction and integrity of the immune system
(Olson, 1987; Olson, 1994; Spannaus-Martin, Cook, Tan-
umihardjo, Duitsman, & Olson, 1998; Tanumihardjo
et al., 1990). The absorption of vitamin E occurs in the small
intestine by a non-saturable, passive transport system that
does not require carrier proteins but does require solubilisa-
tion in the form of micelles. The degree of absorption
depends on the amount of fat absorbed. The efficiency of
absorption of a-T decreases as intake increases. Between
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50% and 70% of the vitamin E consumed (in an intake range
of 0.4–1 mg) is absorbed (Farrell & Roberts, 1994), how-
ever, at pharmacological doses (i.e., 200 mg) absorption
may decrease to less than 10%. The primary mode of action
of vitamin E at the molecular level is not well understood,
yet there is widespread agreement that the predominant
physiologic function is its antioxidant activity. In cellular
and subcellular membranes, vitamin E is in close proximity
to phospholipid components (in particular PUFA), which
are susceptible to peroxidation. Vitamin E protects these
fatty acids by interfering with the free radical reactions that
can result in cellular damage. Interest in vitamin E in infant
nutrition began in the 1940s, when researchers demon-
strated that erythrocytes were susceptible to hemolysis, in
the presence of hydrogen peroxide, and that this effect
was inhibited by vitamin E supplements (Bell, 1989). The
significance of this effect became clear when formulae with
high PUFA levels were given to preterm infants (Oski &
Barness, 1967). The combination of high intakes of PUFA
and low levels of vitamin E contributed to the development
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of hemolytic anemia, thrombocytosis, edema and reticulo-
cytosis. These manifestations were later found to be pre-
vented by supplementation with vitamin E. Given this
interrelationship between vitamin E and the phospholipid
components of cellular membranes, it is recognized that
the requirement for a-tocopherol is proportional to the
amount of PUFA consumed (Farrell & Roberts, 1994).
Tocopherols (a, b, c and d) are naturally occurring lipid
antioxidants which specifically inhibit the oxidation of poly-
unsaturated fatty acids (PUFA) such as linoleic (LA, C18:2,
n � 6), linolenic (ALA, C18:3, n � 3), arachidonic (AA,
C20:4, n � 6), eicosapentaenoic (EPA, C20:5, n � 3) and
docosahexaenoic acids (DHA, C22:6, n-3). Infant formulae
(IFs) contain tocopherols derived from the vegetable oils
used as ingredients in their manufacture. The antioxidant
activities of a-, b-, c- and d-tocopherols, those commonly
found in vegetable oils, contribute as more biologically
active components to the diet than any other tocopherol
isomer, although a-tocopherol is less stable during manu-
facture and storage (Brigelius-FlohE & Traber, 1999).

Several studies on infant nutrition have addressed the
effects of long-chain (LC)-PUFA on development and
growth (Giovannini, Riva, & Agostoni, 1995; Lauritzen,
Hansen, Jorgensen, & Michaelsen, 2001) and also their
effects on the fetus and neonate (Crawford, 2000; Gibson,
Neumann, & Makrides, 1996; Hornstra, 2000; Jeffrey, Wei-
singer, Neuringer, & Mitchell, 2001; Koletzko et al., 2001).
Therefore, some IF manufacturers include LC-PUFA in
formula composition. Tocopherols and retinol are added
to IFs to improve vitamin content and to prevent lipid oxi-
dation of these fatty acids during manufacture and storage,
thereby helping to extend product shelf-life. Conventional
bovine milk-based formula is usually manufactured using
specific combinations of protein, fat, carbohydrate, vitamin
and mineral components. The raw material mix is blended,
pasteurised, homogenised, condensed and spray-dried or
sterilised. The redistribution and interactions of compo-
nents in the system occur during processing and storage
(Guo, Hendricks, & Kindstedt, 1998). The factors that
cause significant component interactions and redistribu-
tions in IFs, and their impact on biochemical and nutri-
tional properties, such as lipid oxidation and vitamin
losses, are not well understood. Therefore, fortification of
IFs with the most stable vitamin esters, such as a-tocoph-
erol acetate, retinol acetate or retinol palmitate, is required
(Blake, 2005; Brigelius-FlohE & Traber, 1999; Parrish,
1980). These molecules are more stable than their isomers
from vegetable oils and also less susceptible to oxidation.
The European Communities Commission (CE, 1996) and
the Spanish regulations (BOE, 1998) establish the respec-
tive limits of these vitamins, which can be added to meet
nutritional requirements and to guarantee the stability of
the product because of their antioxidant properties. It is
hypothesised that the stability of vitamin homologues
decreases quickly after packets of IFs have been opened,
as a result of oxygen action and exposure to light. Oxygen
and UV radiation induces lipid oxidation, therefore, once
opened, milk products such as IFs are highly susceptible
to oxidation at room temperature and, consequently, vita-
mins A and E are lost. In addition, light accelerates this
process (Hardas, Danviriyakul, Foley, Nawar, & China-
choti, 2002; Hardas, Danviriyakul, Foley, Nawar, & Chi-
nachoti, 2000). No information is currently available
about the stability of the isomers of vitamins A and E in
IF powder, once the packet has been opened. Most meth-
ods used to analyse vitamin A involve a saponification step
and reversed-phase (RP) columns. This implies that when
a-tocopherol acetate is added to IFs it cannot be differen-
tiated from the naturally occurring a-tocopherol. Further-
more, without a saponification step, quantification of the
ester forms added, as well as the natural vitamins A and
E homologues can be performed using a normal-phase
(NP)-HPLC system (Chase & Long, 1998; Rodrigo, Ale-
gria, Barbera, & Farre, 2002).

Here we used NP-HPLC-DAD to determine the content
of a-tocopherol, a-tocopherol acetate, c-tocopherol, d-
tocopherol as well as retinol palmitate and retinol acetate
(from naturally occurring compounds of oils and from
added vitamin), in 20 commercial powdered starting IFs
from local markets. In addition, the stability of these com-
pounds was monitored for 70 days at room temperature
after opening the packets. The values obtained were com-
pared with the European (CE, 1996) and Spanish (BOE,
1998) regulations. Finally, we comment on some points
of interest regarding vitamins A and E contents in IFs.

2. Materials and methods

2.1. Reagents and standards

The chemicals used for sample preparations were of
analytical reagent grade. Hexane and ethyl acetate, both
of HPLC-grade, were obtained from SDS (Peypin,
France), absolute ethanol from Panreac (Barcelona,
Spain), a standard of a-tocopherol acetate from Fluka
(Buchs, Switzerland), and standards of a-, c-, and d-
tocopherol and all-trans-retinol palmitate, and retinol ace-
tate from Sigma (St. Louis, MO, USA).

2.2. Instruments

We used a Hewlett-Packard liquid chromatographic sys-
tem (Waldbronn, Germany) with a HP 1050 pump, a HP-
1040 M photodiode-array detector and a Waters 717 plus
autosampler injector (Milford, MA, USA). We also used a
pre-column guard cartridge (10 � 2 mm) and a pinnacle II
silica short-narrow-bore column (50 mm � 2.1 mm i.d.),
with a 3-lm particle size from Restek (Bellefonte PA, USA).

2.3. Samples

Twenty commercial milk-based powdered Ifs, of recog-
nized brands, were purchased from local markets. We
included only the ‘‘starting milks” or ‘‘first milks”; formu-
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lated to meet the needs of healthy full-term infants, from 0–
4 months of age. Table 1 indicates the general composition
of each formula as described in the information provided
on the packet.

2.4. Storage

All formulae were opened on the same day, approxi-
mately during the 5–9 months of their shelf-life. In addi-
tion, formulae were opened three times every day, each
time the powder was stirred in the original package to
maintain uniform exposure to environment and approxi-
mately 10 g of powder was discarded, simulating normal
storage and preparation. We kept the formulae at room
temperature (25 �C: min. 23 �C, max. 25.5 �C) and analyses
were done at 0, 30 and 70 days, respectively. Once formulae
had been properly stored as described above, analytical
determinations were subsequently made.

2.5. Vitamins A and E determination

Tocopherols and retinol acetate or palmitate com-
pounds in the formulae were measured by an NP-HPLC-
Table 1
Composition of infant milk-based formulae according to the information pro

Formula Lipida Proteina Carbohydratea Main ingredientsb

1 23.1 12.8 58.3 Skimmed milk, lactose, starch
soybean lecithin

2 24.0 12.5 58.6 Demineralized whey milk, skim
lecithin

3 24.0 12.5 58.6 Demineralized whey milk, palm
4 24.0 12.0 58.7 Demineralized whey milk, palm
5 24.5 11.0 59.7 Skimmed milk, vegetal fat ma

maltose, maltodextrins, soybea
6 27.5 13.9 52.4 Skimmed milk, lactose, glucos
7 28.0 11.6 56.0 Demineralized whey milk, veg

monoglycerides of fatty acids
8 28.2 11.3 60.5 Whey powder, vegetable oils,
9 24.4 11.7 58.6 Demineralized whey milk, milk

lactose
10 27.0 11.5 55.0 Skim milk, fat milk, lactose, la
11 25.4 12.1 50.0 Demineralized whey milk, veg
12 23.9 11.2 60.0 Milk protein, skimmed milk, w

carob flour, glucose syrup
13 24.0 12.5 55.6 Demineralized whey milk, palm
14 29.0 11.0 56.0 Lactose, skim milk, palm oil, w

in oleic acid, soybean lecithin
15 29.0 11.0 56.0 Lactose, skimmed milk, palm o

rich in oleic acid, soybean leci
16 26.4 11.5 56.4 Hydrolyzed whey milk protein

high oleic acid), lactose, corn
17 26.0 11.5 57.7 Hydrolyzed whey milk protein

sunflower, high oleic acid)
18 28.0 11.0 56.0 Skimmed milk, lactose, vegeta

LC-PUFA (arachidonic and d
19 26.0 9.5 58.0 Skimmed milk, vegetable oils

(arachidonic and docosahexae
20 26.0 10.7 58.3 Lactose, vegetable oil, skimme

a Expressed as g/100 g of powder.
b Ingredients are listed in the order in which they appear on the label.
DAD method, as we previously reported (Chávez-Servı́n,
Castellote, & López-Sabater, 2006). Approximately 2 g of
IF was reconstituted with 8 ml of distilled water. This mix-
ture was then immersed in warm water (40 �C) and mixed
until complete homogenisation was achieved (5 min
approximately). We subsequently used a vortex to com-
plete the homogenisation of the sample. We then trans-
ferred 1 ml of reconstituted sample (20%, w/w) into a
centrifuge tube. Next, 3 ml of absolute ethanol was added
and the tube was shaken mechanically for 3 min. We then
added 1 ml of hexane and the tube was shaken for another
minute. The sample was then left to stand for 5 min, after
which, 3 ml of saturated NaCl was added to aid solvent
separation. The mixture was then shaken manually by
inversion. The tube was centrifuged for 5 min at
3000 rpm at room temperature. The hexane layer was
recovered, filtered through a 0.22 lm nylon filter and
injected into the HPLC system.

2.6. Statistical analysis

For statistical analysis, we used one-way analysis of var-
iance (ANOVA), as well as multiple comparisons, using the
vided on labels

, palm olein, demineralized whey milk, colza, coconut and sunflower oils,

med milk, palm olein, maltodextrin, colza, palm and corn oils, soybean

olein, starch, skimmed milk, corn syrup, colza, coconut and corn oils
oil, skim milk, maltodextrins, vegetal oils (colza, sunflower)

tter (palm, coconut, colza and sunflower), demineralized whey milk,
n lecithin

e syrup, vegetal oils (palm, colza, corn and coconut)
etable oils, skimmed milk powder, lactose, soybean lecithin and

skimmed milk, lactose, galacto-oligosaccharides, polyfructose, fish oil
powder (partially demineralized), vegetable oils (palm, colza, sunflower),

ctose, vegetable oils (palm, sunflower, colza) milk proteins.
etable oils (palm, coconut, soybean), lecithin
hey protein milk, vegetable oils (palm, coconut, colza, sunflower), lactose,

olein, starch, skimmed milk, corn syrup, colza, coconut and corn oils
hey milk protein concentrate, coconut and soybean oils, vegetable oil rich

il, whey milk protein concentrate, coconut and soybean oils, vegetable oil
thin
minerals reduced, vegetable oils (palm olein, soybean, coconut, sunflower,

maltodextrin
minerals reduced, corn syrup, vegetable oils (palm olein, canola, coconut,

l oils, fractionated milk protein (a-lactoalbumin), soybean lecithin,
ocosahexaenoic acid)
(palm, coconut, sunflower, soybean, high oleic acid), LC-PUFA
noic acid), lactose, maltodextrin, milk proteins, soybean lecithin
d milk, maltodextrin, serum protein, egg phospholipids
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Tukey HSD procedure for each IF and storage time (0, 30
and 70 days). We conducted statistical analysis using the
SPSS package for Windows version 11 (SPSS, Chicago,
IL, USA). The level of statistical significance was set at
5% for all analyses.

3. Results and discussion

Preparation of the fat-soluble vitamin fraction for injec-
tion into the column, for most food matrices, requires
either saponification of the sample matrix or a concen-
trated lipid fraction or extraction of total lipids from the
sample, which can then be injected directly into a NP col-
umn. Saponification converts a-tocopherol acetate to
a-tocopherol, which cannot be differentiated from the nat-
urally occurring a-tocopherol (Chase, Eitenmiller, & Long,
1997). Although several simplified methods involving
saponification are available, non-saponification of the total
lipid dilution is considered preferable to saponification as it
offers higher accuracy (Rodrigo et al., 2002). Furthermore,
the direct method permits the quantification of the ester
forms added, as well as of the natural vitamins A and E
homologues. Finally, the stability of these fat-soluble vita-
mins is improved both in the lipid matrix and with the ester
forms of vitamins A and E (Chase et al., 1997; Rodrigo
et al., 2002). The results of vitamins A and E contents in
the studied formulae are reported in Tables 2 and 3, respec-
tively. As a consequence of the heating treatments, IF
undergoes chemical and biochemical changes that affect
components, mainly proteins, carbohydrates and vitamins
(Ferrer, Alegria, Courtois, & Farre, 2000). In the case of
vitamins A and E, to compensate losses during manufac-
ture and storage (before and after opening the packet),
manufacturers generally add more vitamins A and E than
that reported on the label (Tables 2 and 3). We found mean
adequacy values for vitamin A of 134 ± 17%, min. 98%
and max. 162%, relative to information on the labels, and
for vitamin E, 185 ± 47%, min. 101% and max. 286%,
respectively, taking into account the 0, 30 and 70 days of
storage. According to the manufacturers’ instructions,
powdered IF must be used one month after being opened.
Generally, formulae are consumed before this time. How-
ever, it is necessary to study the evolution of these vitamin
homologues after this time. Here we studied evolution of
these formulae until 70 days storage. Once opened, stored
formulae were treated by simulating the normal use by
consumers.

3.1. Vitamin A content

Foods such as milk or IFs are most commonly fortified
with vitamin A in the form of retinyl acetate (samples 1–
4, 6, 9–11, 13, 16, 17 and 20) or retinyl palmitate (samples
5, 7, 8, 12, 14, 15, 18 and 19) because these molecules are
more stable and less susceptible to oxidation than their
respective isomers from vegetable oils. Human milk con-
tains preformed vitamin A, mainly in the form of retinyl
esters (i.e., retinyl palmitate and retinyl stearate) and
carotenoids, which are vitamin A precursors (Canfield,
Giuliano, Neilson, & Kelly, 1992; Canfield, Kaminsky,
Taren, Shaw, & Sander, 2001; Khachik et al., 1997).
The parent compound of the vitamin A group is all-
trans-retinol. Vitamin A activity is expressed as interna-
tional units (IU) or retinol equivalents (RE). Tables of
food composition are based on equating 1 IU of vitamin
A with 0.3 lg of all-trans-retinol or 0.6 lg all-trans-b-car-
otene. However, this 2 to 1 relationship does not accu-
rately reflect the biological activity after ingestion.
Consequently, the current convention is to express vita-
min A activity 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 carotenoids, (Olson,
1989; Anonymous, 1998). Table 2 reports the values for
retinyl acetate or palmitate and the respective values
expressed as RE, in order to compare label contents, val-
ues in literature and those established by current Euro-
pean (CE, 1996) and Spanish (BOE, 1998) legislation,
following the equivalence:

Retinol of 0.3 lg = 0.344 lg retinyl acetate = 0.55 lg
retinyl palmitate or, what is the same, 1 lg reti-
nol = 1.146 lg retinyl acetate = 1.832 lg retinyl palmitate.

European (CE, 1996) and Spanish (BOE, 1998) legisla-
tion establish the minimum limits for vitamin A in IFs at
60 lg RE/100 kcal. All our samples complied with this reg-
ulation, even after 70 days of storage after opening the
packet (Table 2). The recorded values of vitamin A, imme-
diately after opening were in the range 0.55–0.94 mg RE/
100 g, or 93.3–183 lg RE/100 kcal, respectively.

Delgado-Zamarreno, Bustamante-Rangel, Garcia-Jime-
nez, Sanchez-Perez, and Carabias-Martinez (2006)
reported values of vitamin A (as retinyl acetate) in the
range 0.59–0.74 mg RE/100 g in four types of IFs. These
values were also higher, between 113% and 120%, than
those stated on their respective labels. Similarly, Albalá-
Hurtado, Veciana-Nogues, Vidal-Carou, and Font (2001)
reported values of vitamin A of 0.64–1.06 mg RE/100 g
in the starting liquid, and 0.43–1.09 mg RE/100 g in the
starting powdered IF. We observed a high variability in
vitamin A content, but in general the values of this vitamin
reported on the label were close to the values found
(mean = 134% ± 17) in the samples. Other studies have
reported values more than twice those declared on the
labels in several IFs (Albalá-Hurtado, Veciana-Nogues,
Vidal-Carou, & Marine-Font, 2000; Landen et al., 1985).
Immediately after opening the packets, RE values of all
samples were greater than those reported on the label. Tox-
icity from excessive intake is a concern, because vitamin A
is stored in the body. Ingestion of very high doses of pre-
formed vitamin A in humans causes many toxic manifesta-
tions, for example, headache, vomiting, anorexia, diplopia,
alopecia, dryness of the mucus membranes, desquamation
of the skin, bone abnormalities and liver damage (Snod-
grass, 1992). European (CE, 1996) and Spanish (BOE,
1998) legislation establish the maximum limits for vitamin



Table 2
NP-HPLC-DAD analysis of vitamin A content of infant formulae during storage

Sample Storage
(days)

Retinyl acetate or
palmitate (mg/100 g)

RE found
(mg/100 g)

RE label
(mg/100 g)

Losses
(%)

Adequacy
(%)

RE/100 kcal lg

1I 0 0.93 ± 0.03a 0.81 ± 0.03a 0.52 – 156 165 ± 5.46
30 0.84 ± 0.03b 0.73 ± 0.03b 9.5 141 149 ± 6.48
70 0.81 ± 0.01b 0.71 ± 0.01b 12.2 137 145 ± 2.36

2I 0 0.69 ± 0.03a 0.61 ± 0.03a 0.45 – 136 123 ± 5.29
30 0.64 ± 0.01b 0.56 ± 0.01b 8.2 124 113 ± 1.68
70 0.64 ± 0.01b 0.57 ± 0.01b 8.2 124 115 ± 2.88

3I 0 0.94 ± 0.04a 0.82 ± 0.04a 0.53 – 155 164 ± 8.25
30 0.85 ± 0.04b 0.74 ± 0.04b 9.6 140 149 ± 7.70
70 0.81 ± 0.02b 0.71 ± 0.02b 13.3 134 142 ± 4.14

4I 0 0.83 ± 0.02a 0.73 ± 0.02a 0.48 – 151 146 ± 3.44
30 0.72 ± 0.01b 0.63 ± 0.01b 13.5 131 126 ± 1.63
70 0.59 ± 0.01c 0.51 ± 0.01c 29.6 106 103 ± 0.86

5II 0 1.22 ± 0.03a 0.67 ± 0.02a 0.42 – 158 132 ± 3.06
30 1.16 ± 0.06a 0.63 ± 0.03a 5 150 126 ± 6.90
70 1.14 ± 0.01a 0.62 ± 0.01b 6.1 149 124 ± 1.06

6I 0 1.08 ± 0.03a 0.94 ± 0.03a 0.60 – 156 184 ± 5.44
30 0.96 ± 0.04b 0.84 ± 0.04b 10.6 139 164 ± 6.91
70 0.71 ± 0.06c 0.62 ± 0.06c 34.3 102 121 ± 1.65

7II 0 1.59 ± 0.04a 0.87 ± 0.02a 0.61 – 142 175 ± 4.85
30 1.52 ± 0.09a 0.83 ± 0.05a 4.5 136 167 ± 5.13
70 1.51 ± 0.10a 0.82 ± 0.09a 5.2 135 166 ± 8.80

8II 0 1.39 ± 0.01a 0.76 ± 0.01a 0.47 – 162 153 ± 0.81
30 1.33 ± 0.06a 0.73 ± 0.04a 4.6 154 146 ± 7.20
70 1.30 ± 0.04b 0.71 ± 0.02b 6.2 152 144 ± 4.33

9I 0 1.00 ± 0.02a 0.87 ± 0.02a 0.54 – 162 174 ± 4.98
30 0.93 ± 0.03a 0.81 ± 0.03a 7.2 150 162 ± 5.45
70 0.76 ± 0.09b 0.66 ± 0.09b 24.0 123 133 ± 8.25

10I 0 0.69 ± 0.04a 0.60 ± 0.04a 0.39 – 154 117 ± 8.04
30 0.56 ± 0.05b 0.49 ± 0.04b 18.5 126 95.3 ± 7.39
70 0.49 ± 0.04b 0.43 ± 0.04b 28.9 109 83.1 ± 7.39

11I 0 0.70 ± 0.03a 0.61 ± 0.03a 0.45 – 136 122 ± 5.42
30 0.65 ± 0.01a 0.57 ± 0.01a 7.5 126 113 ± 1.06
70 0.61 ± 0.06b 0.54 ± 0.06b 12.3 119 107 ± 11.20

12II 0 1.01 ± 0.03a 0.56 ± 0.02a 0.44 – 126 115 ± 4.20
30 0.88 ± 0.06a 0.48 ± 0.03a 12.9 110 99.9 ± 6.91
70 0.82 ± 0.10b 0.45 ± 0.06b 18.7 103 93.9 ± 7.55

13I 0 0.95 ± 0.03a 0.83 ± 0.03a 0.53 – 156 165 ± 6.63
30 0.85 ± 0.01b 0.74 ± 0.01b 10.3 140 148 ± 1.50
70 0.81 ± 0.01b 0.71 ± 0.01b 14.2 134 142 ± 1.98

14II 0 0.99 ± 0.06a 0.55 ± 0.05a 0.48 – 114 93.3 ± 8.93
30 0.89 ± 0.05a 0.49 ± 0.03a 10.2 101 83.8 ± 5.13
70 0.85 ± 0.02b 0.47 ± 0.01b 13.9 98 80.4 ± 2.47

15II 0 1.10 ± 0.05a 0.60 ± 0.03a 0.48 – 126 114 ± 5.80
30 1.07 ± 0.05a 0.59 ± 0.03a 2.5 123 112 ± 5.37
70 0.92 ± 0.04b 0.50 ± 0.02b 16.9 105 95.0 ± 4.20

16I 0 0.73 ± 0.01a 0.64 ± 0.01a 0.46 – 139 125 ± 0.79
30 0.67 ± 0.01b 0.58 ± 0.01b 8.6 127 115 ± 0.46
70 0.64 ± 0.02c 0.56 ± 0.02c 12.4 122 110 ± 3.73

(continued on next page)
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Table 2 (continued)

Sample Storage
(days)

Retinyl acetate or
palmitate (mg/100 g)

RE found
(mg/100 g)

RE label
(mg/100 g)

Losses
(%)

Adequacy
(%)

RE/100 kcal lg

17I 0 0.85 ± 0.02a 0.74 ± 0.02a 0.54 – 138 146 ± 3.98
30 0.82 ± 0.05a 0.71 ± 0.01a 4 132 140 ± 0.94
70 0.80 ± 0.03b 0.70 ± 0.03a 5.4 130 138 ± 5.52

18II 0 1.39 ± 0.05a 0.76 ± 0.03a 0.52 – 146 146 ± 5.95
30 1.38 ± 0.06a 0.75 ± 0.04a 0.3 145 145 ± 7.28
70 1.26 ± 0.08 a 0.69 ± 0.05a 9.2 132 132 ± 8.71

19II 0 1.59 ± 0.04a 0.87 ± 0.02a 0.61 – 142 170 ± 4.76
30 1.54 ± 0.03a 0.84 ± 0.02a 3.1 138 165 ± 3.20
70 1.51 ± 0.05a 0.83 ± 0.03a 4.7 135 162 ± 5.86

20I 0 1.05 ± 0.01a 0.92 ± 0.01a 0.64 – 144 179 ± 2.17
30 1.01 ± 0.04a 0.88 ± 0.04a 4 138 171 ± 7.20
70 0.76 ± 0.01b 0.66 ± 0.01b 28.2 103 128 ± 1.58

Identical superscripted letters within the same column and formula indicate no significant differences (p > 0.05) comparing 0 vs. 30 vs. 70 days of storage.
I Retinyl acetate.

II Palmitate.
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A in IF at 180 lg RE/100 kcal. All of our samples complied
with this regulation. Only in IF 6 did we detect 184 RE/
100 kcal immediately after opening the packet. However,
this value decreased 10.6% after 30 days of storage and
34.3% after 70 days (121 RE/100 kcal). Moreover, in
infants and young children, signs of toxicity usually appear
only after daily intake greater than 6000 lg RE (20000 IU)
over a period of months or years (Bauernfeind, 1983; Brin
& Bauernfeind, 1978), an amount which is much greater
than the limit established by European legislation (CE,
1996), Spanish regulation (BOE, 1998) and the recommen-
dation of the expert panel of the Life Sciences Research
Office (LSRO) of the American Society for Nutritional Sci-
ences concerning the ‘‘Assessment of Nutrient Require-
ments for Infant Formulas”. This expert panel
recommended a maximum vitamin A content of IF of
500 IU/100 kcal (150 lg/100 kcal). Although the 90th cen-
tile of the Food and Drug Administration (FDA) analyses
of IFs is 570 IU/100 kcal, the upper centiles of the FDA
values presumably reflect averages in vitamin A content
above the current code of federal regulation (CFR) mini-
mum of 250 lg/100 kcal. The expert panel concluded that
an upper limit of 500 lg/100 kcal was more appropriate
(Anonymous, 1998). The only known case of a vitamin A
overdose was in an infant who died after being given about
27000 mg RE/day (90000 IU/day) for 11 days (Bush &
Dahms, 1984).

IFs are generally well packed. Packaging (can, bag) of
powdered formulae protects the product from light and
oxygen, thereby preventing the alteration of components
(Karatapanis, Badeka, Riganakos, Savvaidis, & Kontom-
inas, 2006; Schroder, Scott, Bland, & Bishop, 1985; Vass-
ila, Badeka, Kondyli, Savvaidis, & Kontominas, 2002).
However, once opened, IFs are exposed to light and oxy-
gen and therefore are more susceptible to oxidative reac-
tions and vitamin losses. Our samples were all packed in
cans (samples 1–7, 11–19) or bags (samples 8–10, 20), were
protected from light and sunlight, had a controlled atmo-
sphere, and contained approximately >0.2–0.3% of resid-
ual oxygen according to the manufacturers. We detected
decreases in vitamin A content once the packets had been
opened, however, these decreases were not significant in
all the samples (Table 2). Only formulae 4, 6 and 16
showed significant losses (p < 0.05) at all the storage times
(0 vs. 30 vs. 70 days), with losses after 70 days of storage
of 29.6%, 34.3% and 12%, respectively (Table 2). These
formulae were supplemented with retinyl acetate. In con-
trast, formulae 5, 7, 18 and 19 did not show significant
losses (p > 0.05) after opening (0 vs. 30 vs. 70 days). They
exhibited losses of only about 6.1%, 5.2%, 9.2% and 4.7%,
respectively, after 70 days of storage (Table 2). Interest-
ingly, these formulae were supplemented with retinyl
palmitate. However, a comparison of IFs containing reti-
nyl acetate versus those containing retinyl palmitate did
not show differences (p > 0.05) in stability over 0, 15 and
70 days of storage. Therefore, the observation of no signif-
icant differences in formulae (5, 7, 18 and 19) was proba-
bly circumstantial. Environmental conditions directly
affected the stability of vitamin A, once the IFs had been
opened. Vitamin A was lost most as a result of exposure
to oxygen and light. Most manufacturers added amounts
above the declared levels in the labels. This practice is
attributed to compensating for the potential losses of this
vitamin during production and storage. After 70 days of
storage, we recorded adequacy values close to 100% in
some formulae, namely 106% (IF 6), 102% (IF 14),
105% (IF 15), and 103% (IF 20) (Table 2). These observa-
tions support that over-fortification of vitamin A with ret-
inyl acetate or retinyl palmitate ensures the vitamin A
content stated on the label.



Table 3
Analysis of vitamin E content of infant formulae during storage

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 lg/
100 kcal

1 0 3.97 ± 0.17a 1.38 ± 0.19a – 7.86 ± 0.35a 9.75 ± 0.44a 4 – 244 1.98 ± 0.09
30 3.77 ± 0.17a 1.39 ± 0.06a – 7.67 ± 0.30a 9.42 ± 0.35a 8.1 235 1.91 ± 0.07
70 3.77 ± 0.10a 1.36 ± 0.03a – 7.67 ± 0.21a 9.41 ± 0.24a 13.6 235 1.91 ± 0.05

2 0 3.67 ± 0.12a 3.05 ± 0.05a – 14.7 ± 0.37a 14.5 ± 0.29a 6.63 – 219 2.92 ± 0.06
30 3.57 ± 0.05a 2.95 ± 0.05a – 14.4 ± 0.39a 14.3 ± 0.32a 2.9 215 2.87 ± 0.06
70 3.58 ± 0.13a 2.92 ± 0.06a – 14.4 ± 0.34a 14.2 ± 0.37a 3.7 214 2.86 ± 0.07

3 0 2.82 ± 0.13a 2.24 ± 0.08a – 7.53 ± 0.18a 8.54 ± 0.23a 4.02 – 212 1.71 ± 0.05
30 2.80 ± 0.15a 2.27 ± 0.05a – 7.51 ± 0.43a 8.51 ± 0.33a 5.4 211 1.70 ± 0.07
70 2.64 ± 0.09a 2.12 ± 0.02b – 7.47 ± 0.34a 8.30 ± 0.28a 6.6 206 1.66 ± 0.06

4 0 2.67 ± 0.04a 1.84 ± 0.07a 1.18 ± 0.05a 10.4 ± 0.28a 10.4 ± 0.24a 6 – 174 2.10 ± 0.05
30 1.47 ± 0.06b 1.33 ± 0.03b 0.78 ± 0.03b 10.4 ± 0.22a 9.06 ± 0.21b 2.6 151 1.82 ± 0.04
70 1.03 ± 0.03c 0.86 ± 0.05c 0.37 ± 0.00c 10.6 ± 0.09a 8.62 ± 0.08c 5.3 144 1.73 ± 0.02

5 0 4.64 ± 0.09a 2.83 ± 0.05a – 6.85 ± 0.24a 10.0 ± 0.19a 5.2 – 192 1.99 ± 0.04
30 4.64 ± 0.31a 2.77 ± 0.06a – 6.71 ± 0.12a 9.90 ± 0.29a 8.1 190 1.97 ± 0.06
70 4.08 ± 0.08b 2.66 ± 0.14a – 6.58 ± 0.17a 9.22 ± 0.11b 9.5 177 1.83 ± 0.02

6 0 5.36 ± 0.25a 4.06 ± 0.52a – 7.93 ± 0.09a 11.7 ± 0.22a 4.1 – 286 2.29 ± 0.04
30 5.26 ± 0.23a 3.38 ± 0.13a – 7.72 ± 1.03a 11.4 ± 0.93a 2.1 276 2.21 ± 0.18
70 4.65 ± 0.44b 3.26 ± 0.35b – 7.34 ± 0.28a 10.9 ±0.95b 2.2 255 2.04 ± 0.11

7 0 6.52 ± 0.15a 6.09 ± 0.15a 1.98 ± 0.10a 8.12 ± 0.64a 13.6 ± 0.59a 5.73 – 238 2.75 ± 0.12
30 6.08 ± 0.18a 5.89 ± 0.20a 2.08 ± 0.05a 8.04 ± 0.26a 13.1 ± 0.31a 8.1 229 2.64 ± 0.06
70 5.74 ± 0.49b 5.73 ± 0.45a 2.15 ± 0.13a 7.95 ± 0.49a 12.7 ± 0.85a 17.7 221 2.55 ± 0.17

8 0 9.02 ± 0.23a 2.90 ± 0.08a – 6.12 ± 0.41a 13.9 ± 0.52a 9.62 – 144 2.80 ± 0.10
30 7.99 ± 0.27b 2.61 ± 0.04b – 5.97 ± 0.14a 12.7 ± 0.24b 1.3 132 2.56 ± 0.05
70 7.91 ± 0.28b 2.52 ± 0.09b – 5.85 ± 0.57a 12.5 ± 0.18b 2.6 130 2.52 ± 0.04

9 0 5.19 ± 0.15a 1.80 ± 0.07a 3.04 ± 0.05a 2.50 ± 0.22a 7.61 ± 0.29a 3 – 254 1.52 ± 0.06
30 4.91 ± 0.17a 1.68 ± 0.05b 2.88 ± 0.13a 2.08 ± 0.07b 6.99 ± 0.22 b 8.1 233 1.40 ± 0.04
70 4.55 ± 0.38b 1.57 ± 0.04c 2.76 ± 0.02b 2.04 ± 0.02b 6.57 ± 0.39b 13.6 219 1.31 ± 0.08

10 0 7.48 ± 0.51a 1.04 ± 0.09a 2.58 ± 0.25a – 7.95 ± 0.55a 6.2 – 128 1.54 ± 0.11
30 7.26 ± 0.40a 1.05 ± 0.09a 2.51 ± 0.36a – 7.72 ± 0.45a 2.9 124 1.50 ± 0.09
70 7.19 ± 0.60a 1.08 ± 0.07a 2.48 ± 0.18a – 7.66 ± 0.63a 3.7 123 1.49 ± 0.12

11 0 2.91 ± 0.21a 5.43 ± 0.26a 2.85 ± 0.40a 15.0 ± 0.86a 14.8 ± 0.84a 13 – 114 2.96 ± 0.17
30 2.37 ± 0.13b 4.97 ± 0.22b 2.80 ± 0.40a 14.8 ± 0.23a 14.0 ± 0.28a 5.4 108 2.80 ± 0.06
70 2.34 ± 0.14b 4.74 ± 0.14b 2.81 ± 0.19a 14.7 ± 0.23a 13.8 ± 0.10a 6.6 106 2.76 ± 0.02

(continued on next page)
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Table 3 (continued)

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 lg/
100 kcal

12 0 6.19 ± 0.13a 1.98 ± 0.06a – – 6.58 ± 0.14a 5.1 – 129 1.36 ± 0.03
30 6.02 ± 0.48a 1.96 ± 0.04a – – 6.41 ± 0.49a 2.6 125 1.32 ± 0.10
70 5.85 ± 0.19a 1.92 ± 0.14a – – 6.23 ± 0.21a 5.3 122 1.29 ± 0.04

13 0 3.61 ± 0.34a 3.39 ± 0.05a 1.63 ± 0.04a 7.51 ± 0.17a 9.70 ± 0.35a 4.2 – 231 1.94 ± 0.07
30 3.30 ± 0.10a 3.37 ± 0.09a 1.54 ± 0.04a 6.84 ± 0.29b 8.92 ± 0.19b 8.1 212 1.78 ± 0.04
70 3.19 ± 0.06b 3.28 ± 0.05a 1.47 ± 0.09b 6.83 ± 0.35b 8.78 ± 0.22b 9.5 209 1.76 ± 0.04

14 0 4.01 ± 0.57a 4.22 ± 0.63a 1.36 ± 0.05a 12.1 ± 1.56a 13.5 ± 1.25a 6.3 – 214 2.31 ± 0.02
30 3.86 ± 0.22a 3.93 ± 0.18a 1.23 ± 0.06b 12.1 ± 0.71a 13.2 ± 0.50a 2.1 210 2.26 ± 0.09
70 3.81 ± 0.27a 4.00 ± 0.22a 1.51 ± 0.07c 12.0 ± 1.42a 13.2 ± 1.01a 2.2 209 2.26 ± 0.17

15 0 2.79 ± 0.11a 3.85 ± 0.09a 1.21 ± 0.04a 14.7 ± 5.90a 14.0 ± 4.18a 6.3 – 222 2.65 ± 0.79
30 2.15 ± 0.02b 3.60 ± 0.03b 1.00 ± 0.09b 14.1 ± 3.24a 12.8 ± 2.26a 8.1 204 2.43 ± 0.43
70 2.08 ± 0.02b 3.38 ± 0.05c 0.69 ± 0.06c 12.4 ± 0.90a 11.5 ± 0.64a 17.7 182 2.18 ± 0.12

16 0 2.67 ± 0.04a 4.29 ± 0.02a 1.54 ± 0.03a 11.6 ± 0.08a 11.8 ± 0.09a 6.8 – 173 2.31 ± 0.02
30 2.56 ± 0.03b 4.20 ± 0.03a 1.52 ± 0.10a 11.5 ± 0.17a 11.6 ±0.15a 1.3 171 2.28 ± 0.03
70 2.55 ± 0.03b 3.99 ± 0.14b 1.47 ± 0.06a 11.4 ± 0.80a 11.5 ± 0.57a 2.6 169 2.26 ± 0.11

17 0 3.72 ± 0.08a 1.63 ± 0.07a 1.36 ± 0.06a 6.94 ± 0.19a 9.03 ± 0.15a 4.08 – 222 1.77 ± 0.03
30 3.58 ± 0.02a 1.55 ± 0.02a 1.36 ± 0.15a 6.54 ± 0.13b 8.61 ± 0.11b 4.7 211 1.69 ± 0.02
70 3.60 ± 0.09a 1.36 ± 0.08b 1.34 ± 0.17a 6.51 ± 0.24b 8.57 ± 0.15b 5.2 209 1.68 ± 0.03

18 0 4.26 ± 0.06a 4.89 ± 0.12a 2.09 ± 0.05a 6.07 ± 0.10a 9.69 ± 0.17a 5.8 – 167 1.86 ± 0.03
30 3.83 ± 0.07b 4.57 ± 0.09b 2.05 ± 0.07a 60.3 ± 0.19a 9.18 ± 0.17b 5.3 158 1.76 ± 0.03
70 3.59 ± 0.02c 4.31 ± 0.06c 2.01 ± 0.08a 5.89 ± 0.08a 8.78 ± 0.07c 9.5 151 1.69 ± 0.01

19 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
30 6.08 ± 0.25a 4.69 ± 0.25a 1.16 ± 0.13a 6.27 ± 0.11a 11.5 ± 0.31a 4.7 189 2.26 ± 0.06
70 5.74 ± 0.24b 4.55 ± 0.12b 1.08 ± 0.05a 6.07 ± 0.29a 11.0 ± 0.31b 9.0 180 2.16 ± 0.06

20 0 6.02 ± 0.31a 1.50 ± 0.03a – 30.6 ± 2.16a 27.8 ± 1.79a 25 – 111 5.39 ± 0.35
30 5.82 ± 0.10a 1.44 ± 0.03a – 28.9 ± 0.88a 26.3 ± 0.60a 5.2 105 5.11 ± 0.12
70 5.58 ± 0.04b 1.30 ± 0.13b – 27.6 ± 1.12b 25.2 ± 0.81b 9.4 101 4.89 ± 0.16

Identical superscripted letters within the same column and formula indicate no significant differences (p > 0.05) comparing 0 vs. 30 vs. 70 days of storage.
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3.2. Vitamin E content

As reviewed by Farrell and Roberts (1994), 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 isomer are dl-a-tocophe-
ryl acetate = about 70% (0.7 TE/mg), b = 40% or 0.4
TE/mg, c = 10–30% or 0.1–0.3 TE/mg, and d = about
1% or 0.1 TE/mg. The relevance of these activities to IFs
is in the relative concentrations of these isomers in the oils
used in their manufacture. For example, corn and soy are
major sources of vitamin E in the American diet. In both
cases, there is a much higher proportion of the c (about
60 mg/100 g) than in the a form (slightly more than
10 mg/100 g) (Farrell & Roberts, 1994). Table 3 shows
the isomer content in our samples. We also summarised
these values and they were expressed as a-TE, following
the formula:

a� TE mg=100 g

¼ a� T mg=100 g � ð1Þ þ c� T mg=100 g � ð0:2Þ
þ d� T mg=100 g � ð0:1Þ þ a� TAc mg=100 gð0:7Þ:

IFs contain tocopherols derived from the vegetable oils
used as ingredients and from the specific addition of a-T
or a-TAc during their manufacture. Because of its stability
when exposed to air and light, a-TAc is the most frequently
used form of the vitamin (Miquel, Alegria, Barbera, Farre,
& Clemente, 2004), and thus provides a stable systemic
vitamin E source. Our results confirm this, as all the sam-
ples had a-TAc additions, with the exception of 10 and 12.

The values of a-TE found in our samples, immediately
after opening the packets, were in the range of 6.58–
27.8 mg a-TE/100 g or 1.36–5.39 mg a-TE/100 kcal. Using
RP-HPLC, Albalá-Hurtado et al. (2001) reported ranges of
vitamin E, in starting liquid milk, from 8.9 to 24.4 mg
a-TE/100 g and in starting powdered milk from 6.66 to
22.2 mg a-TE/100 g. Delgado-Zamarreno et al. (2006)
studied tocopherols in several IFs using pressurised liquid
extraction and liquid chromatography with amperometric
detection, obtaining values of vitamin E of 6.63 mg
a-TE/100 g in a starter hypoallergenic IF and 14.5 mg
a-TE/100 g in a starter adapted protein IF. Miquel et al.
(2004) reported values of vitamin E by NP-HPLC of
2.20, 1.90, 1.61 and 1.78 mg a-TE/100 kcal in four IF;
the first two supplemented with a-T and the last two with
a-TAc, respectively, immediately after opening packets.
We also observed high variability in vitamin E contents,
the mean value was 185% with respect to the composition
stated on the labels. Some formulae (IF 1-3, 6, 7, 9, 13,
14, 15 and 17) had more than twice the declared values,
which is consistent with other reports (Albalá-Hurtado
et al., 2001; Landen et al., 1985). None of our samples
had lower vitamin E contents than the values given on
the label, even 70 days after opening. The adequacy value
of formula 20 at 70 days is 101% (Table 3). However, this
formula had the highest label value of a-TE (25 mg/100 g).
Human milk has been reported to contain 3.0–5.6 mg/L
(0.45–0.8 mg/100 kcal) of vitamin E (Barbas & Herrera,
1998; Bohm et al., 1997; Chappell, Francis, & Clandinin,
1985; Romeu-Nadal, Morera-Pons, Castellote, & Lopez-
Sabater, 2006). European legislation (CE, 1996) establishes
a minimum vitamin E content in IF of 0.5 mg a-TE/g of
PUFA, but not less than 0.5 mg a-TE/100 kcal. This
requirement is based on the mean minus one standard devi-
ation value for vitamin E in human milk and the absence of
data to justify a change in current legislation. A maximum
level is not specified for vitamin E in IF. Evidence for
potential vitamin E toxicity in human term infants comes
from extrapolation of data from preterm infants. Several
studies report an association between intravenous adminis-
tration of a racemic mixture of a-tocopherol acetate and
hepatic and renal failure, leading to the death of 38 preterm
infants and serious illness in many others. Also, hemor-
rhagic complications, increased risk of sepsis, necrotizing
enterocolitis, and increased incidence of retinal haemor-
rhages have been described (Anonymous, 1998). Although
there are no direct toxicity studies in term infants, it is unli-
kely that they are more susceptible to adverse effects than
preterm infants. Bell (1989) proposed that the upper limit
for vitamin E in IFs be set at 10 mg/100 kcal, which coin-
cides with the level of vitamin E in human milk. Also,
according to the American Society for Nutritional Sci-
ences, relative to the assessment of Nutrient requirements
for infant formulas, a maximum vitamin E content of
5 mg a-TE/g of PUFA in IF, based on the 90th centile of
the FDA analyses of IF, is recommended. All our samples
presented levels inferior to these recommended limits. The
expert panel concluded that this maximum content of vita-
min E is below the intake levels that would result in toxic-
ity, as interpreted from the review of animal data, adult
toxicology and reports of adverse effect in preterm infants
(Anonymous, 1998).

In general, we observed that vitamin E was stable once
the packet had been opened. No statistical changes
(p > 0.05) were found in the IFs stored at 0, 30 and 70 days
respectively, only in formulae 4 and 18 were significant dif-
ferences detected in a-TE when comparing 0 vs. 30 vs. 70
days of storage (p < 0.05). These differences were basically
due to the loss of natural tocopherols (namely a, c, and
d-T). In addition, the stability of the a-TAc in the IF sam-
ples was confirmed (Table 3).

In summary, a comparison of our results on vitamin A
and E contents in IFs with those declared by the manufactur-
ers shows that most of the samples had higher fat-soluble
vitamin contents than those declared. This observation can
be attributed to manufacturers wishing to ensure that at
the end of the shelf-life of the formula, vitamins A and E con-
tents are at least as high as the label states. Vitamin A levels
were between 1.4 and 3 times higher than the minimum level
recommended by both Spanish (BOE, 1998) and European
(CE, 1996) legislation for IFs. Vitamin E levels were between
2.6 and 10.8 times higher than the minimum level recom-
mended by Spanish (BOE, 1998) and European (CE, 1996)
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legislation for IFs. In general, vitamin E showed better sta-
bility than vitamin A, no significant changes were recorded
in vitamin E content in most of the samples during storage
at 0, 30 and 70 days, at room temperature. Similarly, vitamin
A contents during storage and once the packet had been
opened, at 0, 30 and 70 days showed only a slight decrease,
being significant (p < 0.05) in 15% of the samples.

The over-fortification with a-TAc and retinyl acetate or
palmitate to the IFs assures vitamins A and E content as
stated in the label, for up to 70 days after opening the
packet. Besides, these molecules can act as antioxidants
during the shelf-life of the product. However, further stud-
ies are needed to confirm whether over-fortification in dif-
ferent IFs are really necessary, and at which levels.
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