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a b s t r a c t
It's undoubted that optimum nutrition for term infants is breastfeeding, exclusive for the ﬁrst six months,
then followed by a complementary diet and carried on, if possible, for the ﬁrst year of life or even more.
During the last decades several data conﬁrmed the great advantages of fresh mother's milk use also for
feeding very low and extremely low birthweight preterm infants. When mother's milk is unavailable or in
short supply, pasteurized donor breast milk is widely used in neonatal intensive care units. Pasteurization
partially affects nutritional and immunological properties of breast milk, however it is known that
pasteurized milk maintains some biological properties and clinical beneﬁts. The substantial beneﬁts of
mother's own milk feeding of preterm infants are supported by strong evidence. However, there is increasing
evidence also on speciﬁc beneﬁts of donor breast milk. Future research is needed to compare formula vs.
nutrient fortiﬁed donor breast milk, to compare formula and DM as supplements to maternal milk rather
than as sole diet and to compare effects of different methods of heat treatments on donor human milk
quality.
© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
It's undoubted that optimum nutrition for term infants is breastfeeding, exclusive for the ﬁrst six months, then followed by a complementary diet and carried on, if possible, for the ﬁrst year of life or even
more [1]. During the last decades several data conﬁrmed the great
advantages of fresh mother's milk use also for feeding very low and
extremely low birthweight preterm infants [2]. When mother's milk is
unavailable or in short supply, pasteurized donor breast milk is widely
used in neonatal intensive care units. Pasteurization partially affects
nutritional and immunological properties of breast milk, however it is
known that pasteurized milk maintains some biological properties
and clinical beneﬁts.
2. Biological aspects
Human milk is at present considered not only a food, but also a
dynamic biological system. A special interest exists for human milk
bioactive and immune factors, e.g. Ig, lactoferrin, lysozime, oligosaccharides, nucleotides, growth factors, enzymes, antioxydant factors
and cellular components that provide adequate host defence against
infections and that actively modulate immune response and favour-
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ably modify intestinal bacterial colonization [3–7]. A beneﬁcial effect
of maternal milk use on lymphocytic response of VLBW preterm
infants has also been observed [8]. Pasteurization partially affects
nutritional and immunological properties of breast milk [9]: Holder
method is the most widely employed in human milk banks. This
method inactivates immunological and anti-infectious factors; nevertheless, other key nutritional and biological compounds [10,11] are
not affected by temperature, as shown by our recent studies on
oligosaccharides.
Oligosaccharides play an emerging leading role among biological
components of human milk, for their prebiotic, immunomodulatory
and antimicrobial effects [12,13]. Human milk oligosaccharides have a
proven prebiotic effect since they are resistant to digestion and reach
the colon, where undigested oligosaccharides are metabolized by
the microﬂora thus producing a “biomass effect” characterized
by selective development of the biﬁdogenic ﬂora [14]. Moreover,
bacterial fermentation processes lead to the production of short-chain
fatty acids that have a trophic effect on the intestinal mucosa [14].
Milk oligosaccharides can also compete with cell receptors in binding
pathogenic agents. They are in fact adhesion ligand analogs, since
their structure mimics the carbohydrate portion of glycoproteins and
glycolipids of epithelial cell membranes, inhibiting binding of
pathogenic microorganisms to the infants epithelial cell surface [15],
thus preventing pathogens from developing their full pathogenic
potential. Furthermore, breast milk oligosaccharides have an immunomodulatory effect, as long as they reduce the formation of
selectine-initiated platelet–neutrophil complexes, leukocyte activation and transmigration [15].
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In a recent study we evaluated the effects of Holder pasteurization on lactose concentration and on the pattern of 24 different
oligosaccharides, quantitatively representing the big majority of
those so far identiﬁed in human milk. Our study demonstrated that
concentration and pattern of human milk oligosaccharides are not
affected by Holder pasteurization [16]. In conclusion, as concerns
oligosaccharides our study conﬁrms the persistence of the biological
value of human milk even after pasteurization.
3. Clinical aspects
3.1. Necrotizing enterocolitis
Two meta-analysis have shown a reduction in necrotizing
enterocolitis incidence in preterm or low birthweight babies fed
donor milk versus compared to those fed preterm formula [17,18].
3.2. Feed tolerance
Data about feeding tolerance in VLBWI and especially in ELBWI are
based only on observational studies, mainly because of the impossibility to randomize to formula or human milk and the dishomogeneity
of feeding tolerance deﬁnition in different studies [19]. No published
study provides deﬁnitive data about the comparison, for what concerns feeding tolerance, among mother's milk, donor milk and preterm formula [20–22,19].
3.3. Infections
Both the systematic review of De Silva et al. [23]. and the
subsequent national cohort study of Rǿnnestad et al. [24] do not
provide conclusive information about speciﬁc effects of donor milk,
mostly because infants are not exclusively fed donor milk. In 2005
Schanler et al. in a randomized blinded trial found that infants fed DM
had similar rates of LOS and NEC, considered together, compared with
infants fed preterm formula [25]. However, also this study does not
reach deﬁnitive results, as long as some methodological ﬂaws can be
outlined [26].
3.4. Long term health beneﬁts
It was observed in a meta-analysis by Martin et al. [27] a small
reduction in diastolic blood pressure associated with breastfeeding in
infancy. Among studies included in the meta-analysis there is also the
one of Singhal et al. on preterm infants aged 13–16 years fed donor
milk [28]. Singhal also observed a better lipoprotein proﬁle in
adolescents born preterm randomized to donor human milk versus
formula [29]. The positive effect was associated with increased
consumption of donor bank milk. If conﬁrmed, these effects could
have relevant beneﬁts on cardiovascular health at a population level.
3.5. Bronchopulmonary dysplasia
In the already mentioned study by Schanler et al. “Some but
signiﬁcantly less chronic lung disease was observed in groups” fed
maternal or donor milk. This observation suggests “antioxidant
protection from MM, protection that may remain despite pasteurization. Although this study was not designed to evaluate these
observations as primary outcomes, additional studies in this area
are warranted, to determine whether presumed antioxidant protection is a short-term outcome of feeding human milk” [25].
4. Conclusion
The substantial beneﬁts of mother's own milk feeding of preterm
infants are supported by strong evidence. However, there is increasing

evidence also on speciﬁc beneﬁts of donor breast milk. Future
research is needed to compare formula vs. nutrient fortiﬁed donor
breast milk, to compare formula and DM as supplements to maternal
milk rather than as sole diet and to compare effects of different
methods of heat treatments on donor human milk quality.
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