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Abstract

Objectives: To analyze the effect of processing on the vitamin A levels of milk that is donated to the Human
Milk Bank at the University Maternity Hospital, and to evaluate whether this milk supplies the infants� vitamin A
requirement.

Methods: Sixty milk samples from the Human Milk Bank were divided into two equal portions. One milk portion
was extracted prior to processing, while another fraction was subjected to pasteurization and later extracted. The
samples were analyzed using high performance liquid chromatography. Analysis with Student�s t test indicated that
the difference between mean retinol levels was statistically significant at the p < 0.05 level.

Results: The retinol content found in the milk prior to processing was 55.4±34.0 µg/100 ml, whereas for the
processed milk this level was 36.6±26.1 µg/100 ml (p < 0.001).

Conclusion: It was found that retinol loss occurs during milk processing and that the milk from the Human Milk
Bank does not meet infants� vitamin A requirement.
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Introduction

Vitamin A is a micronutrient that is essential for health
and that is involved in physiological processes such as
growth, fetal development and the integrity of the immune
system.1 Human milk is the only source of vitamin A for
infants exclusively fed from the breast and the capacity of
children to acquire their requirements depends on the
concentration and volume consumed.2

ORIGINAL ARTICLE

Breastmilk from human milk banks (HMB) is an excellent
nutritional alternative for preterm children, those with low
birth weights, infectious diseases or diarrhea and the
immunodepressed,3 when their mothers� milk is not available.
The HMB collects, processes and stores milk from healthy
women and also promotes maternal breastfeeding, making
it an important part of governmental strategy for healthy
nutrition.4 The milk collected is subjected to processing in
the following stages: defrosting, re-bottling, pasteurization
at 62.5 °C for 30 minutes, cooling, sampling for
microbiological quality control and storage in a freezer at  -
20 °C for up to 6 months.5

Processing may influence the nutritional composition
of the milk, since there are nutrients that are sensitive to
the action of temperature, oxygen and ultraviolet
radiation.6 Dutra-de-Oliveira & Marchini7 report that
vitamin A is relatively stable under the action of heat, but
susceptible to oxygen and, primarily, to light due to the
effects of ultraviolet rays.



62  Jornal de Pediatria - Vol. 81, No.1, 2005 The effect of processing on the vitamin A content of human milk � Ribeiro KDS et alii

Research into the effect of processing on the nutrients
in milk stored in HMB is extremely rare. Just one study
describes concentrations considered inadequate
(< 1.1mol/l).8 It is important to investigate whether the
same occurs at other HMB and if so to what extent.
Furthermore, it is imperative to verify the vitamin A
nutritional coverage of the milk offered to infants, in
particular those special cases who are exclusively fed with
milk from the HMB, such as preterms. These children have
a greater nutritional retinol requirement than at any other
stage.9 This is the result of intense catabolism during the
first weeks postpartum10 together with small stocks of
retinol in the liver at birth, low concentrations of plasma
retinol and low concentrations of retinol-carrying proteins
in comparison with full term newborn babies.11 This
study, therefore, aims to provide information which can
be of use for HMB, who have the maximum interest in
guaranteeing the nutritional quality of milk during
pasteurization and freezing.

Methodology

The present study was approved by the Committee for
Ethics in Research at the Universidade Federal do Rio
Grande do Norte. Ten milliliters was collected from each of
60 milk samples, from different stages of lactation, from
flasks of milk donated to the HMB at the Maternidade Escola
Januário Cicco. Samples were divided into two 5 ml portions.
Both portions had been extracted according to Giuliano et
al.,12 but one had been previously subjected to pasteurization
(62.5 °C for 30 minutes) in accordance with the procedures
employed at the HMB at the Maternidade Escola. The milk
samples were defrosted in a microwave oven and after a
pre-established period had elapsed (15 minutes) the flasks
were immersed in an ice-filled plastic container for a further
15 minutes. Processing took place at the Biochemistry of
Nutrition Laboratory at UFRN.

The hexane extract was evaporated into a nitrogen
atmosphere in a Bain Marie at 37 °C. Residues were then
suspended in 1.0 ml of methanol (Merck) at High Performance
Liquid Chromatography (HPLC) purity levels and agitated
for one minute. The retinol content of the samples was
determined by HPLC in a Shimadzu LC-10 AD Chromatograph,
coupled to a Shimadzu UV-VIS detector SPD 10 AD and a
Shimadzu Chromatopac C-R6A integrator with an LC Shim-
pack CLC-ODS (M) 4.6 mm x 25 cm column. The
chromatogram was developed under the following conditions:
100% methanol mobile phase at a flow rate of 1.0 ml/min.
Identification and quantification of retinol in the samples
were established by comparison with retention times and
areas of the relevant standards of all-trans retinol - SIGMA.
Standard concentrations were confirmed by the specific
extinction coefficient (ε 1%, 1 cm = 1,850) in absolute
ethanol (Vetec) and a 325 nm wavelength.13

Figures for retinol were expressed as means and
standard deviations and differences between numerical
parametric data were tested with Student�s t test for
paired samples. Differences were considered significant
when p < 0.05.

Recommended daily retinol consumption for infants
during the first 6 months of life was based on Dietary
Reference Intake,14 which is equivalent to 400 µgROH, and
for preterm children the recommendation proposed by
Segre et al.,9 which corresponds to 420 µgROH, was used.
In order to calculate the retinol that would be consumed by
an infant receiving milk from the HMB, ingestion was
assumed to be 500 ml of milk per day, which volume
corresponds to the first weeks of life.15

Results

The retinol concentration observed for milk prior to
pasteurization was 55.4±34.0 µg/100 ml, whereas the level
present in the processed milk was 36.6±26.1 µg/100 ml,
equivalent to a reduction of 34%. The difference between
these means was statistically different (p < 0.001). When
the nutritional adequacy of the milk was assessed,
pasteurized and unpasteurized milk offered just 45.8% and
69.3% of the daily retinol recommendation for full term
infants, respectively. For preterms, the processed milk
offers just 43.6% of nutritional requirements for retinol
(Table 1).

Discussion

The nutritional content of milk at an HMB depends on
two factors: the composition of the milk donated and the
effect of processing. Its composition is relatively constant,
although certain nutrients vary significantly as lactation
progresses, throughout the day and even during the
course of a single feed.16 Vitamin A is one example of such
nutrients as it is influenced by the time of feeding/
expressing17 and by the stage of lactation.18

Defrosting, pasteurization and freezing are procedures
that can affect several different nutrients contained in
human.19 In the present study the retinol content of
processed milk reduced with respect of the pre-pasteurization
sample, as was found by Góes et al.8 Furthermore, the
retinol level in the processed milk (36.6±26.1 µg/100 ml)
was also similar to the 31.46 µg/100 ml found in the milk at
the HMB at the Instituto Fernandes Figueira � RJ.8

The retinol lost during processing is probably the result
of exposure to light during freezing and rebottling since
vitamin A is photosensitive and the processing takes place
in a very well-lit environment. Furthermore, the retinol
present in milk could suffer from the influence of the
microwaves used for defrosting.20 These results suggest
that it is important to protect milk stored in glass flasks from
light, including through preventative measures such as
simply wrapping the flasks in aluminum foil. Another
prophylactic measure could be vitamin A supplementation
to guarantee infants their necessary supply, avoiding
increased risks of morbidity and mortality.

Much of the interest in vitamin A in relation to preterms
is due to its role in helping maintain the integrity of epithelial
membranes, especially in the lungs, and to deficiencies
being associated with an increased risk of developing
chronic pulmonary disease.21,22
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According to the results of the present study, neither
the retinol concentration of the milk before or after
pasteurization is sufficient to meet the needs of children
fed exclusively on milk from the HMB, in particular
preterm babies whose needs for vitamin A are greater and
whose capacity for ingesting milk is lower than full term
newborn babies. In order that these children can guarantee
the formation of their hepatic reserves and protection
against deficiency, retinol concentrations above
80 µg/100 ml (Table 1) would be necessary.

The low retinol concentrations found in this study are
probably the result of the predominance of mature milk in
the samples analyzed. Such milk has lower concentrations
of vitamin A when compared with colostrum, the secretions
during the first week postpartum. One relevant aspect of the
present research would be the suggestion that milk be
classified by lactation stage when supplied for consumption
since vitamin A levels decrease as lactation progresses.18

Taking into account the concentration of retinol found in the
colostrum of low-income lactating women in the city of Natal
� RN which was 93.10 µg/100 ml,23 and based on the results
of the present study, it would be interesting if the colostrum
and transition milk were only given to newborn babies
during their first week of life since milk obtained during the
initial stages of lactation offers greater quantities of vitamin
A than mature milk. Such a measure would guarantee milk
with an adequate vitamin A supply in keeping with the
infant�s age.

The results of this study alert us to the need to reassess
the procedures used at HMB which in turn could help
maintain the nutritional quality of the milk offered to infants.
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Type of milk ROH Mean intake * % of adequacy

(µg/100 ml) (µg/day) Full term Preterm

Before pasteurizatin 55.4±34.0 277 69.3 66

After pasteurization 36.6±26.1 183 45.8 43.6

Table 1 - Mean retinol consumption by breastfed babies in the first weeks of life receiving human before
and after processing by the HMB

ROH = retinol. HMB = Human Milk Bank.
Requirements of the full term infant: 400 µg/day14; and preterm infant: 420 µg/day9.
* Considering a daily intake of 500 ml of milk/day15.
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