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ABSTRACT
Aim: This nonsystematic review examined differences in the composition of raw maternal

breastmilk and pasteurised donor milk and possible health effects on preterm infants.

Methods: We searched PubMed up to July 2018 for studies published in English that

focused on four comparisons as follows: raw maternal milk versus donor milk, human milk

before and after Holder pasteurisation, milk from mothers who delivered preterm and at

term and milk collected during early and late lactation. We also searched for possible

effects of the milk components, as well as the effects of maternal and donor milk on

preterm infants’ health.

Results: Raw maternal milk contained factors involved in antioxidant and anti-inflammatory

defence, gut microbiome establishment and the maturation of immune defences, food

tolerability and metabolism. Many of these factors were reduced or abolished in processed

donor milk. Both maternal milk and donor milk have been associated with a reduced

incidence of necrotising enterocolitis. High-dose feeding with maternal milk during the

neonatal period reportedly reduced the risk of other morbidities and promoted growth and

neurodevelopment.

Conclusion: Many of the components in raw maternal breastmilk were lacking in

pasteurised donor milk, which was inferior in promoting the growth and development of

very preterm infants.

INTRODUCTION
Despite efforts to provide optimal nutrition, most extremely
preterm infants suffer from postnatal growth retardation.
This has been associated with retinopathy of prematurity
(ROP) (1), bronchopulmonary dysplasia, late-onset sepsis,
necrotising enterocolitis (NEC) (2,3) and neurodevelop-
mental impairment (4). Strategies to reduce prematurity-
related complications are urgently needed, and the
increased use of maternal milk may have preventative
effects (5,6). Therefore, current guidelines recommend early
enteral feeding, with expressed maternal milk and pas-
teurised human donor milk as a second choice.

In Sweden, extremely preterm infants always receive
human milk during their hospital stay. Mothers are encour-
aged to start expressing milk for their infants soon after
delivery. If maternal milk production is insufficient, or the

mother is unable to express milk, or decides not to, infants
are fed donor milk from a milk bank until a postmenstrual
age of approximately 34 weeks. After that age, they receive
preterm formula based on cows’ milk. Both expressed
maternal milk and donor milk are regularly analysed for
their respective macronutrient and energy contents, and the
milk is then individually fortified with bovine-derived
fortifiers to meet current nutritional recommendations.
Notably, donor milk is only provided until several weeks
before term-equivalent age. This means that infants who
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BDNF, Brain-derived neurotrophic factor; EGF, Epidermal
growth factor; HMO, Human milk oligosaccharides; IGF,
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Key notes
� This review focused on differences in the composition

of raw maternal breastmilk and pasteurised donor milk
and the possible health effects on preterm infants.

� Maternal milk prevented necrotising enterocolitis and
other morbidities and promoted growth and neurode-
velopment.

� Donor milk was associated with reduced necrotising
enterocolitis compared to preterm formula, but it was
inferior to maternal milk in promoting the growth and
development of very preterm infants.
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receive donor milk miss human milk intake during the
critical developmental period before term, as well as the six
months of exclusive breastfeeding and subsequent partial
breastfeeding recommended by the World Health Organi-
zation (7). In Sweden, the percentage of extremely preterm
infants who were exclusively receiving maternal milk at
discharge decreased from 55% in 2004 to 16% in 2013
(Fig. 1) (8). A mother’s motivation to express milk and then
breastfeed is influenced by the information that she
receives. It may be insufficient to tell a mother that her
milk is the best choice, without presenting the specific
advantages and disadvantages of the alternatives. There is a
need for a comprehensive summary of the evidence that
maternal milk is superior to donor milk in preventing the
complications of prematurity.

During the third trimester, a foetus swallows approxi-
mately 200–250 mL of amniotic fluid each day for each
kilogram of foetal weight (9). Amniotic fluid, like maternal
milk, contains nutrients and bioactive factors that promote
gut maturation, protect against infection and facilitate
growth (9,10). Very preterm infants miss a large portion
of the immunoglobulin G transfer from the mother during
late gestation, and their immune system is still immature at
birth (11). Extremely preterm newborn infants have five to
10 times more microbial infections than infants born at
term (12). Breastmilk contains factors that protect against
infection and modulate the infants’ immunological devel-
opment (13). These components can also reduce the
infants’ future incidence of diseases that involve dysregu-
lated immunity, such as allergies (14), inflammatory bowel
disease (15), insulin-dependent diabetes mellitus (16) and
some lymphomas (17).

The nutrient content of breastmilk varies greatly between
mothers and depends on her diet, the gestational age at
delivery, the lactation stage, the time of day, the size of the
milk portion and whether it is foremilk or hindmilk (18).
During the first three to five days after delivery, colostrum is
produced, which is particularly rich in the nutrients and

factors that are important for gut maturation and defence
against infections. Transitional milk is then produced for
the next two weeks’ post-partum, after which the milk is
considered mature.

Expressed maternal milk is usually consumed raw and
sometimes after refrigeration and freezing and thawing.
Bank milk is typically mature milk from the mothers of term
infants and has usually been frozen and thawed before
Holder pasteurisation, which implies that it has been heated
to 62.5°C for 30 min. Thereafter, the milk is frozen again
and reheated before it is fed to the infant. Studies with
different designs have compared maternal milk and donor
milk and examined the effects of storage and pasteurisation,
with highly variable outcomes. In this review, pasteurisation
always refers to Holder pasteurisation, since this is the
method currently recommended for human milk banks.
Table 1 presents several important bioactive factors that are
altered after pasteurisation.

This paper reviews the differences between expressed raw
maternal breastmilk and pasteurised donor milk in terms of
composition and in relation to growth and morbidities. Our
aim was to review the relevant scientific reports, so that
adequate information could be provided to healthcare
professionals and parents, to promote well-informed deci-
sions about breastmilk expression and later breastfeeding.
We also briefly address the long-term effects of maternal
milk.

METHODS
PubMed was searched up to July 2018 for papers in English.
We initially searched for papers that addressed the compo-
sition of human milk and differences in the composition
between maternal milk and donor milk and raw and
pasteurised milk. This review also explored differences in
milk composition after term and preterm delivery, as well as
in early and mature human milk. After that, we looked for
papers that described functions of milk components,

Figure 1 Exclusive maternal breastmilk feeding at discharge from neonatal
units, among infants of three gestational age groups: extremely preterm
(n=550), very preterm (n=1848) and moderately preterm (n=12 958). Data
from the Swedish Neonatal Quality register (2004–2013) (8).

Table 1 Some human milk bioactive components/functions shown to be affected by
Holder pasteurization

Component concentrations/
functions

Change with
pasteurization Reference

Secretory IgA 51% lower Christen et al. (32)

Lactoferrin 91% lower Christen et al. (32)

Lysozyme 59% lower Christen et al. (32)

BSSL activity Inactivated Baro et al. (S62)

Insulin 46% lower Ley et al. (S110)

Adiponectin 33% lower Ley et al. (S110)

IGF-1 39% lower Goelz et al. (S115)

TGF-b 14% lower Reeves et al.

(S136)

Maternal leucocytes Destroyed Goldman (S154)

Antioxidant capacity 67% lower Silvestre et al.

(S160)

Bacterial growth rate Doubled Christen et al. (32)
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especially bioactive compounds, and how they were
affected by Holder pasteurisation. Finally, we searched for
comparisons between feeding infants fortified raw maternal
breastmilk or fortified pasteurised donor milk with regard
to growth, morbidity and neurodevelopment.

This was not a systematic review of all the factors present
in maternal and donor milk and their possible effects on
very preterm infants. No other database than PubMed was
used. Our aim was to review information that may be of
value for healthcare professionals when they inform parents
about the advantages and disadvantages of feeding very
preterm infants maternal milk or donor milk.

RESULTS
Human milk composition
Macronutrients
Human milk shows wide variations in fat, protein and
carbohydrate contents (19). Donor milk contains signifi-
cantly less protein, fat and energy than the milk, provided
by the mothers of preterm infants (20). Compared to term
milk, preterm milk is richer in cholesterol, phospholipids
and long chain polyunsaturated fatty acids, which are
integral cellular membrane components and essential for
brain cell growth and myelin development in newborn
infants (21). These components decrease in milk as lacta-
tion progresses. A review of the effects of pasteurisation on
human milk concluded that Holder pasteurisation did not
significantly affect its composition with regard to saccha-
rides, protein, fat, energy or fatty acids (22).

Bioactive components
In addition to macronutrients, breastmilk is rich in bioac-
tive components, such as oligosaccharides, immunoglobu-
lins, lactoferrin, cytokines, enzymes, growth factors,
hormones, anti-inflammatory agents, microbial factors and
fatty acids, particularly in the first months after birth. These
factors appear to play a multitude of overlapping roles in
gut and general development (23), although little is
presently known about their functions in very preterm
neonates.

While milk proteins mainly serve as a source of amino
acids for infant growth, peptides may also possess bioactive
capacities, either directly or after digestion (24). Bioactive
milk proteins can provide protection from infections,
enhance nutrient absorption and promote immune system
development and neurodevelopment. Some of these pro-
teins are destroyed or inactivated by pasteurisation, leading
to different properties in raw maternal milk and pasteurised
donor milk (22). In preterm formula, the proteins are
derived from bovine milk, which differs from human milk in
many respects.

The functions of milk proteins and peptides have mainly
been investigated in experimental studies. In vitro models
have revealed that human milk proteins generate a wide
variety of bioactive peptides. Beta-casein (25) is the most
abundant casein in milk and the greatest source of bioactive
peptides (24). In vitro studies have shown that kappa-casein

from breastmilk inhibits Helicobacter pylori binding to
human gastric mucosa (26). Pasteurisation did not appear
to affect the bioactive peptides derived from the digestion of
major human milk proteins (25).

The most prevalent whey protein in human milk is
alpha-lactalbumin, which accounts for 20–25% of total
milk protein. It plays several physiological roles during
the neonatal period, including providing a balanced
supply of essential amino acids. Moreover, alpha-lactal-
bumin digestion results in the transient formation of
peptides with immune-stimulatory and bactericidal prop-
erties, which may be protective against infection (24,27).
One study reported that pasteurisation did not alter the
alpha-lactalbumin and serum albumin concentrations in
breastmilk (28).

Lymphocytes migrate from the mother’s intestine to the
mammary gland, where they are transformed to
immunoglobulin-A-producing cells and produce the secre-
tory immunoglobulin-A (sIgA) found in human milk (29).
Through this process, the milk contains antibodies that are
directed against microbial antigens present in the mother’s
gut. The milk sIgA blocks the mucosal adherence of
bacterial, parasitic and viral pathogens and is critical for
maintaining a diversified microbiotic environment (30,31).
Thus, sIgA in breastmilk transfers maternal immunity to
infectious agents and other antigens in the mother’s and
hence the infant’s environment to the infant.

One study showed that pasteurisation of previously
frozen milk reduced sIgA by 51% (32), while another
reported that sIgA was 60% lower in pasteurised term
donor milk compared to fresh term milk (28). Research also
showed that stool samples from breastfed term infants
contained large amounts of intact sIgA, with the highest
concentrations during the first weeks of life (33).

The iron-binding protein lactoferrin is a major whey
protein in human milk. In the gut, it binds to lactoferrin
receptors that are expressed in the small intestine. Human
lactoferrin receptors have also been found in monocytes,
lymphocytes, platelets, fibroblasts and bone (34). Stool
samples of full-term exclusively breastfed infants contain
intact lactoferrin and the concentration decreases with age
and is naturally associated with the decreasing concentra-
tions in milk (33). It has been suggested that absorption of
lactoferrin-bound iron in milk is the main route for iron
uptake during the neonatal period (35). However, neonatal
lactoferrin knockout mice exhibited no evidence of reduced
intestinal iron uptake (36). Lactoferrin has been reported to
protect newborn infants from infection by withholding iron
from bacteria (37) and by destabilising the bacterial cell
surface (38). Lactoferrin has also been found to enter cell
nuclei and affect the expression of genes, modulate cell
proliferation and differentiation (39) and interact with the
immune system (34,40).

Studies have shown that lactoferrin has high structural
homology between species and bovine lactoferrin exerts
biological effects on human enteral cells (41). In addition,
bovine milk-based formulas contain very small amounts of
lactoferrin without supplementation (42).
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The process of freezing, thawing, pasteurising and freez-
ing and thawing again reportedly decreases the lactoferrin
concentration in human milk by 70% (43). Other studies
have demonstrated that 91% of lactoferrin was lost after the
pasteurisation of previously frozen milk (32) and that
pasteurised donor milk had a 44% lower lactoferrin
concentration than fresh milk (28). In preterm infants,
enteral supplementation with bovine lactoferrin decreased
invasive fungal infections (44), late-onset sepsis (45–47) and
NEC (48). In some countries, bovine lactoferrin is added to
commercial formulas, and the US Food and Drug Admin-
istration has classified bovine lactoferrin as generally
recognised as safe (49).

A randomised controlled trial investigated enteral admin-
istration of human recombinant lactoferrin (talactoferrin)
to infants with birthweights of 750–1500 g It reduced
hospital-acquired infections by nearly 50%, along with a
significant reduction in coagulase-negative Staphylococcus
and, or, line infections. However, the authors stated that
talactoferrin was no longer available in the United States
(50,51). A Cochrane review from 2017 concluded that low-
quality evidence suggested that supplementing oral feeds
with lactoferrin, bovine or talactoferrin, with or without
probiotics, decreased late-onset sepsis and NEC stage II or
III in preterm infants, without adverse effects. Ongoing
trials will provide evidence from over 6000 infants (52).

Lysozyme is a host defence protein that is secreted in
high concentrations in human milk. It is part of the innate
immune system and causes lysis of bacteria via degradation
of their outer wall. The presence of lysozyme may stimulate
overgrowth of intestinal bifidobacteria, which are appar-
ently resistant to lysozyme (53). Lysozyme is excreted in the
faeces of preterm infants with a gestational age of 28–
30 weeks (54) but not in healthy term infants (33).
Pasteurisation reportedly reduces lysozyme by 59% (32)
and pasteurised donor milk showed 60% lower lysozyme
activity than raw milk (28). Similarly, concentrations of
another host defence protein, lactoperoxidase, were 82%
lower in donor milk than in the breastmilk of mothers
delivering at term (28).

Osteopontin is a multifunctional protein that is present in
most tissues and body fluids. It is found in high concentra-
tions in human milk (55,56) and the highest levels have
been found three to seven days’ post-partum (57). Exper-
imental studies have revealed that milk osteopontin plays
essential roles in immunological, intestinal and early cog-
nitive development (55). It can bind to various receptors of
enterocytes or be absorbed into systemic circulation.
Osteopontin concentrations have been found at lower
levels in bovine milk than in human milk and even lower
levels have been found in bovine milk-based formula
(42,56). Infants born at term who received formula with
added bovine osteopontin had lower tumour necrosis
factor-alpha serum concentrations than infants on nonsup-
plemented formula and similar concentrations to breastfed
infants. They also had fewer fevers, increased proportions of
T cells and upregulated pathways of cell proliferation and
cell to cell adhesion. The effects of osteopontin supplements

appeared to be dose dependent in one study, with some
functions promoted by lower osteopontin concentrations
and others by higher concentrations (58). Osteopontin has
been found to have high affinity for lactoferrin and may act
as a carrier protein for lactoferrin in milk and as a
modulator of lactoferrin’s anti-microbial and immune-
stimulatory activities (59). Little is known about the
biological functions of milk osteopontin in preterm infants
and we were unable to find any studies on the effect of
pasteurisation on osteopontin concentrations. In a preterm
animal model that used piglets, formula supplemented with
osteopontin reduced the severity, but not the incidence, of
NEC (60).

Bile salt-stimulated lipase in milk facilitates lipid diges-
tion and absorption, especially in immature infants with low
endogenous capacity to digest fat early in life (S61 in
Appendix S1). Bile salt-stimulated lipase is inactivated by
pasteurisation (S62) and one study showed that feeding
infants with pasteurised maternal milk reduced fat absorp-
tion and growth (S63). When recombinant human bile salt-
stimulated lipase was used to supplement pasteurised
human milk or formula, the absorption of docosahexaenoic
acid and arachidonic acid was increased, but not the total
fat absorption (S64). Treatment with recombinant human
bile salt-stimulated lipase significantly improved growth in
infants born small for gestational age, but not in infants
born appropriate for gestational age and was associated
with increased risk of infections and gastrointestinal intol-
erability (S65).

Milk fat globules comprise a core of mainly triglycerides,
surrounded by a membrane composed of phospholipids,
cholesterol, proteins and glycoproteins, including several
proteins with known or suggested bio-activities. Free fatty
acids and monoglycerides, which are digestion products of
the milk fat globule triglyceride core, have been shown to
act as detergents and have lytic functions against viruses,
bacteria and protozoa (S66). Human milk fat globule
membranes contain a multitude of proteins: in one study,
20% were shown to be related to immune responses and
19% to cell communication and signal transduction (S67).
In addition, milk fat globule membranes also contain
compounds involved in central nervous system develop-
ment, such as choline and sphingomyelin. Filaments on the
surface of human milk fat globules have been reported to
contain mucin-1, which inhibits bacterial adhesion to other
cells (S68), and lactadherin, which protects against the
rotavirus infection (S69). Both mucin-1 and lactadherin
survive and maintain their integrity in the stomachs of
preterm infants. Their concentrations in human milk have
been found to be highest during the first weeks of lactation
and to decline thereafter (S70). The average milk fat globule
size in mature milk increases with the lactation progress,
and thereby, the proportion of milk fat globule membrane
decreases. One study showed that, human milk fat globules
significantly decreased in size during pasteurisation and
showed a greater globule size distribution (S71). Another
study reported that storage and cooling affected the stability
and membrane composition of bovine milk fat globules and
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that pasteurisation drastically modified milk fat globule
membrane composition and functionality (S72).

Choline is an essential nutrient in breastmilk and it is
critical for nervous system development. It is a precursor of
membrane constituents such as phosphatidylcholine and
sphingomyelin and of the neurotransmitter acetylcholine. A
study in rats showed that brain function was positively
impacted by oral choline supplementation during neuroge-
nesis and synaptogenesis, corresponding to a period from
gestation to four years of age in humans (S73). Notably,
phosphatidylcholine is a main component of pulmonary
surfactant and the major transporter for arachidonic acid
and docosahexaenoic acid (S74). During pregnancy, cho-
line has been shown to selectively transfer from the mother
to the foetus and plasma choline concentrations after
preterm birth have been reported to decrease to approxi-
mately 50% of those in cord blood within 48 h. It has been
suggested that choline undernourishment may contribute to
adverse neurodevelopmental outcomes after preterm birth
(S75). While some authors have reported that preterm
human milk contained less choline than term milk during
the first weeks of life (S76), others found more phospho-
choline in preterm than term milk (S77). Bovine and
human milk have a nearly identical phospholipid content,
which was not altered by the pasteurisation of bovine milk
(S78). An ongoing trial is investigating the effects of choline
and docosahexaenoic acid supplementation in preterm
infants (NCT02509728).

Human milk oligosaccharides (HMOs) are a group of
complex sugars that are highly abundant in human milk.
More than 120 different HMO structures have been
identified, and it has been shown that each mother
produces a unique composition (S79,S80). Most HMOs
contain the sugar fucose and a mother’s ability to fucosylate
HMOs is genetically determined (S81). Some fucosylated
HMOs prevent adhesion of enteric pathogens to the
intestinal mucosa (S81). In vitro digestion studies have
demonstrated that HMOs were relatively resistant to
human digestion (S82,S83), with a small fraction absorbed
into the infants’ systemic circulation and excreted intact in
the urine (S84). Another study reported that most HMOs
were either metabolised by intestinal microorganisms or
excreted with faeces (S85). Within the gastrointestinal tract,
different HMO categories apparently serve as metabolic
substrates for specific bacteria, selectively promoting bifi-
dobacterial growth in particular (S86,S87).

Experimental studies have shown that HMOs prevented
adhesion to epithelial cells of pathogens, such as bacteria
(S88), viruses (S89) and parasites (S90). In addition, HMOs
inhibited proliferation of Group B Streptococcus, a leading
cause of invasive infection in newborn infants (S91) and
dose-dependently reduced Candida albicans invasion of
human premature intestinal cells (S92). A study of formula-
fed piglets reported that HMOs increased the abundance of
various immune cells in both infected and noninfected
animals (S93). Interestingly, some HMOs made urogenital
tract epithelial cells more resistant to uropathogenic
Escherichia coli (S94). Human milk oligosaccharides

contain large amounts of sialic acid. A review summarised
the evidence that supported a role for dietary sialic acid as
an essential nutrient for optimal brain development (S95).

Similar HMO concentrations have been found in preterm
and term milk (S96,S97), but preterm milk contained a
much wider variation in the percentage of HMOs that
contained fucose or sialic acid than term milk. This may
have been due to the immaturity of the fucosylation process,
which may influence the developing microbiota (S98). It
has been suggested that preterm infants may benefit from
supplementation with fucosylated HMOs, for example,
from pooled donor human milk (S99). Human milk has
been shown to contain 100-fold to 1,000-fold higher
concentrations of oligosaccharides than bovine milk
(S100). Pasteurisation or freeze drying of donor milk
reportedly did not influence HMO content (S101).

Glycosaminoglycans are long un-branched polysaccha-
rides that are found on cell surfaces and cell–extracellular
matrix interfaces. They regulate many processes, including
cell growth and differentiation, cell to cell and cell to matrix
interactions and anti-infective and anti-inflammatory pro-
cesses (S102). Studies have found that, approximately 55%
of the glycosaminoglycans in human milk are chondroitin
sulphate and 40% are heparin. The concentrations of these
glycosaminoglycans were several times higher in human
milk than in bovine milk, which showed a different
glycosaminoglycan profile. During the first month of lacta-
tion, preterm milk was reported to contain significantly
more glycosaminoglycans than term milk (S103) and they
were not affected by pasteurisation (S104).

Growth factors, adipokines, hormones and cytokines
Insulin in human milk is thought to play important roles in
the development of gut function and general metabolism in
infants (S105,S106). Insulin concentrations have been
reported to be higher in milk (60�41 lU/mL) than in
maternal serum. Insulin levels in mature breastmilk were
similar after term and preterm deliveries and remained
unchanged after more than one year of lactation (S107–
S109). Pasteurisation has been reported to reduce milk
insulin by 46.1% (S110).

Serum adiponectin improves insulin sensitivity and lipid
metabolism (S111). Higher levels of adiponectin have been
found in preterm than term breastmilk (S112). One study
demonstrated that pasteurisation reduced donor human
milk adiponectin by 32.8% (S110).

Insulin-like growth factors (IGFs) possess growth-pro-
moting and anti-apoptotic effects, and their presence in
milk is thought to stimulate gut maturation and growth.
One study of early human milk found that IGF-2, and its
binding protein IGF-binding protein 2, was present in
higher concentrations than IGF-1 and IGF-binding protein
3. Preterm milk contained higher IGF-binding protein 2
and IGF-binding protein 3 concentrations than term milk
and IGF-binding protein 3 levels declined with time (S113).
Enteral administration of IGF-1 to preterm infants supple-
mented with formula reduced gut permeability, but did not
otherwise improve intestinal maturation (S114). Another
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study found that pasteurisation of human milk significantly
reduced IGF-1 by 39.4% (S115).

Epidermal growth factor (EGF) plays important roles in
intestinal development, starting during gestation when the
foetus swallows amniotic fluid, which contains concentra-
tions of EGF that are correlated with gestational age (S116).
After birth, intestinal EGF is mainly obtained from breast-
milk and the highest EGF concentrations have been found
in colostrum (S117). One study found that EGF levels were
50–80% higher in preterm milk than term milk (S118).
Another reported that Holder pasteurisation did not affect
EGF concentrations (S115). Infant formulas do not contain
EGF. In a rat model, supplementing bovine-based formula
with EGF dramatically reduced the occurrence of NEC
(S119).

Brain-derived neurotrophic factor (BDNF) has been
shown to be involved in neuron growth and differentiation,
synaptic plasticity and memory formation (S120). Variants
of the BDNF gene have been associated with severe ROP
(S121) and infants who developed severe ROP had lower
serum BDNF levels at 10-14 days after birth than infants
who did not develop ROP (S122). BDNF serum levels were
higher at four to six months of age in breastfed term infants
than in term infants fed formula (S123). Human milk
contains BDNF, which is thought to be mainly produced by
BDNF-expressing milk leucocytes (S124). Since cellular
milk components are inactivated by pasteurisation, it can be
speculated that BDNF concentrations would be lower in
donor milk than maternal milk.

Cytokines are pluripotent polypeptides, with multiple
and often overlapping effects, which act as messengers
among cells and contribute to immune system development
and function. Human milk contains various cytokines that
can cross the intestinal barrier and the cytokine profile in
breastmilk has been shown to vary with gestational age at
delivery (S125). Milk cytokines can be divided into two
categories: those that enhance inflammation or defend
against infection and those that reduce inflammation. One
study found that banked pasteurised donor milk contained
cytokine concentrations that were similar to those in
maternal milk after six weeks of lactation. The concentra-
tions were lower than in milk that had been produced
earlier. This provides evidence that donor milk provides less
of these factors during the first weeks of life (S126).

The most abundant cytokines in human milk are from the
transforming growth factor-beta (TGF-beta) family (S127).
These cytokines have immune-regulatory properties and
seem to be necessary for healthy immune maturation in
mammals (S128) and for breastmilk induction of immune
tolerance (S129). TGF-beta has been shown to suppress
inflammatory responses in the developing intestine and
protect against mucosal injury (S130). Of the three TGF-
beta isoforms, TGF-beta 2 is the most abundant in breast-
milk (S130). TGF-beta 1 and TGF-beta 2 concentrations in
breastmilk have reportedly been associated with Ig-A
concentrations and TGF-beta in colostrum may initiate
IgA production in newborn infants (S131). In cultured
immature human intestinal epithelial cells, TGF-beta 2

attenuated interleukin-1 beta-induced pro-inflammatory
cytokine production (S132). Only a minor proportion of
TGF-beta in human milk is bioactive, whereas the major
part is latent and requires stimulation for bioactivity.
Although preterm milk contains more TGF-beta than term
milk, preterm milk shows minimal TGF-beta bioactivity in
the native state. It has been demonstrated that latent TGF-
beta could be activated by neuraminidase, which existed in
lower quantities in the immature gut than the mature gut
(S133). Preterm baboons’ intestines, especially those that
developed NEC, expressed less TGF-beta 2 than term
intestines (S134) and enteral administration of recombinant
TGF-beta 2 protected mice from experimental NEC-like
injuries (S135). Pasteurisation modestly reduced TGF-beta
2 by 14% in one study, but concentrations were fivefold
higher in preterm maternal milk than in donor milk (S136).

Activin A is a member of the TGF-beta family that shows
trophic and neuroprotective effects in the central nervous
system. Human milk contains Activin A and one study
found that the concentration did not differ significantly
with respect to gestational age or whether or not it was
pasteurised (S137).

Living cellular components
Human milk contains various types of maternal living cells
derived from the mother’s breast and blood, as well as a
wide variety of microbes. Some of these cells are thought to
protect infants from infections and promote immune
development (S138). Modern technology has enabled
researchers to characterise the cellular composition of
human milk and one study reported large variations in
cellular content, ranging from 10 000 to 13 000 000 cells/
mL (S139). The cellular composition has also been shown
to be highly variable. These variations have been associated
with the lactation stage, the health status of the mother and
the infant and other factors indicating that human milk is a
dynamic fluid that adjusts to the infant’s needs.

Breastmilk leucocytes include granulocytes and mononu-
clear cells, such as lymphocytes, monocytes and macro-
phages. One study reported that colostrum had a higher
leucocyte content (13–70%) than mature milk (0–2%)
(S140). An interesting finding was that maternal infection,
or infection in just the infant, was associated with an
increased milk leucocyte population, which decreased
when the infection resolved (S140). After newborn baboons
ingested human milk with labelled leucocytes, these cells
showed high activity in the gastrointestinal tract and were
present in various organs, including the liver and spleen
(S141).

Breastmilk stem cells were first discovered in 2007
(S142) and have since been investigated using in vitro
differentiation assays. Some human breastmilk stem cells
can differentiate into milk-producing cells and also into
cells with properties of neurons, cardiomyocytes, osteo-
blasts, chondrocytes, adipocytes, hepatocytes and pancre-
atic beta cells (S143). However, the roles of breastmilk stem
cells for the breastfed infant remain unknown. The long-
term impact of breastfeeding has been illustrated by better
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one-year graft function rates among breastfed recipients
(82%) than among nonbreastfed recipients (57%) who
received kidney transplants from their mothers later in life.
(S144).

Micro ribonucleic acids (micro RNAs) are small noncod-
ing RNAmolecules that act on messenger RNA and serve as
crucial regulators of gene expression in many biological
processes. Human milk cells are one of the richest sources
of micro RNAs. The majority of the most abundant micro
RNAs are involved in immune responses, development,
growth, metabolism, reproduction and enzyme regulatory
activity (S145). Interestingly, most of the micro RNAs that
are highly expressed in human milk cells regulate the IGF-1
receptor and some play critical roles in insulin receptor
signalling (S145). Food-derived micro RNAs can survive
the gastrointestinal tract, enter the systemic circulation and
be transferred to various organs, where they regulate gene
expression (S146,S147). Preterm delivery results in a
unique profile of breast milk micro RNAs with metabolic
targets (S148), but the roles of these milk micro RNAs
remain unexplored in preterm infants. One study reported
that pasteurising human milk did not alter the distribution
or expression of four micro RNAs involved in the immune
response (S149).

Human milk also contains bacteria, viruses and fungi.
These include both beneficial bacteria, which develop into
healthy gut flora, and pathogens such as the cytomegalo-
virus and human immunodeficiency virus that may be
transferred to the infant. Breastmilk is a natural lactic acid
bacterial source for colonisation of the infant’s intestine
(S150), and the transfer of maternal gut bacteria to the
breast has been demonstrated (S151). Studies have shown
that preterm infants who were fed maternal milk had
increased gut microbial diversity (S152) and different gut
microbial profiles, with a higher abundance of Bifidobac-
teriaceae, than those fed donor milk (S153). Pasteurisation
has been demonstrated to inactivate the cellular compo-
nents of milk (S154) and reduce the bactericidal effects of
human breastmilk (S155). Pasteurised human milk showed
increased bacterial growth after incubation compared to
raw human milk (32).

Human milk has antioxidant properties and contains
vitamin C, vitamin E, enzymes and other factors that
protect against oxidative stress (S156,S157). Extremely
preterm infants have low antioxidant capacity and are
especially vulnerable to the oxidative stress associated with
infections, mechanical ventilation, parenteral nutrition and
blood transfusions (S158). It has been suggested that
bronchopulmonary dysplasia, ROP, NEC and patent ductus
arteriosus are all facets of an oxygen radical disease (S159).
Pasteurisation has been shown to significantly reduce the
total antioxidant capacity of breastmilk (S160).

Effects of maternal milk versus donor milk on growth and
morbidities
Ethical concerns have prevented randomised controlled
trials comparing exclusive feeding with maternal milk and
donor milk. However, one study compared fortified

maternal milk with fortified donor milk in infants with a
gestational age of less than 32 weeks. This covered a period
of exclusive feeding with human milk, from the discontin-
uation of parenteral nutrition until the transition to
formula. Infants who received at least 80% maternal milk
gained weight more rapidly than those receiving less than
20% maternal milk and weight gain correlated with the
proportion of maternal milk intake (S161). In a study of 243
infants with a gestational age of less than 30 weeks, infants
who were exclusively fed maternal milk (maternal milk
group) were compared to infants who received maternal
milk plus pasteurised donor milk from women who had
delivered preterm infants (donor milk group) or maternal
milk plus preterm formula (formula group) (S162). A
human milk fortifier was added when the milk intake
reached 100 mL/kg/d. In the donor milk group, 17% of
infants were switched to preterm formula due to poor
growth, compared to none in the maternal milk group.
Proliferative ROP stage 3 was found in 5.6% in the maternal
milk group compared to 19% in the donor milk group
(p=0.05). The maternal milk group also showed fewer
episodes of late-onset sepsis and, or, NEC and fewer
infection-related events than the other groups. These
morbidities were negatively correlated with the cumulative
maternal milk intake, indicating dose-dependent effects.
Moreover, infants in the maternal milk group stayed in
hospital one week less than the infants in the other groups.
The authors concluded that donor milk offered no short-
term advantages over preterm formula as a substitute for
maternal milk.

Two studies since 2017 have focused on reduced weight
gain in preterm infants supplemented with fortified donor
milk, compared to infants exclusively fed with fortified
maternal milk. The first reported that infants with birth-
weights of less than 1000 g had a slower rate of weight gain
during the first month of life and lower cognitive scores at
one and two years of age if they were supplemented with
more than 50% donor milk compared to infants who were
exclusively fed maternal milk (S163). The second study
found a dose–response relationship between maternal milk
and growth in infants with a gestational age of 32 weeks or
less or a birthweight of 1800 g or less. The mean weight gain
velocity before 36 weeks of postmenstrual age, or discharge
from the neonatal intensive care unit, decreased by 0.17 g
per kg per day and the mean head circumference velocity by
0.01 cm per week for every 10% increase in donor milk
intake compared to maternal milk (S164).

DISCUSSION
This paper presents a selection of the most studied elements
of breastmilk. We still have very limited knowledge about
the roles of these compounds in very preterm infants,
despite the wealth of information about various milk
components, their effects and their interactions with each
other and other factors. Raw maternal milk contains
bioactive factors that are involved in antioxidant and anti-
inflammatory defence, gut microbiome establishment and
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the maturation of functions, such as immune defence, food
tolerability and metabolism. Exposure to the protective
immunological factors and microbiome in maternal milk
(S125) counteracts the deficiencies of the infant’s innate
immune system and supports overall immune function.

It is clear that many of the elements that are present in
the raw breastmilk of mothers who have delivered preterm
infants are reduced or abolished in processed mature
banked milk from mothers of term-born infants and absent
or found in other forms in bovine-derived formula. It has
been pointed out that the most profound difference
between maternal milk and donor milk after preterm
deliveries was observed when donor milk was substituted
for maternal milk during the early critical postbirth win-
dow. It is thought that components in maternal milk
promote nutritional and immunologic programming and
the growth of certain organs during this period (S165).

Several studies have shown a dose-dependent relation-
ship between maternal milk intake during the neonatal
period and a reduced frequency of ROP (S166,S167), NEC
(S168,S169), infections (S170,S171), bronchopulmonary
dysplasia (S172) and improved neurodevelopment (S173,
Compared to preterm formula, donor milk was found to
prevent NEC (S174), which has been reported to affects 5%
to 22% of infants with a birthweight of less than 1000 g in
high-income countries (S176). However, donor milk has
also been reported to result in lower rates of weight gain,
linear growth and head growth (S174). Other authors stated
that no evidence had been put forward to indicate that
donor milk reduced ROP or other morbidities or promoted
neurodevelopment (S175).

The main limitation of this review was that it was not a
systematic review of all the factors present in maternal and
donor milk and their possible effects on very preterm
infants. No other database than PubMed was used. We set
out to review information of importance for healthcare
professionals and parents about advantages and disadvan-
tages of feeding very preterm infants maternal milk or donor
milk.

It is well known that maternal milk is the best choice for
all infants. The World Health Organization recommends
exclusive breastfeeding up to six months of age and
continued breastfeeding, together with other foods, up to
two years of age and beyond (7). In 2018, a European report
on 6592 infants born with a gestational age of less than
32 weeks from 11 countries reported large regional varia-
tions in breastmilk feeding. At hospital discharge, the rate of
any breastmilk feeding ranged from 36% to 80% (S177).
Intake of maternal milk was more important during the first
weeks of life than later, with regard to preventing ROP and
other prematurity-related morbidities (6). In the Extremely
Preterm Infants in Sweden study of infants born before a
gestational age of 27 weeks from April 2002 to March 2007,
70% of infants were fed exclusively with maternal milk at
four weeks of life. At discharge, 50% received maternal
milk, partly or exclusively (20). No later reports of maternal
milk intake in the neonatal period of extremely preterm
infants in Sweden have been published, but from 2004 to

2013, the rates of exclusively feeding maternal milk to
extremely preterm infants at discharge declined from 55%
to 16% in Sweden (8).

The World Health Organization and the United Nations
Children’s Fund launched the Baby-friendly Hospital Ini-
tiative to implement practices that promote breastfeeding
and defined 10 steps to successful breastfeeding (S178). In
2012, an expanded version was published to meet the needs
of preterm and sick infants, emphasising the need for
antenatal information that was specifically designed for
neonatal intensive care (S179). According to the parents of
very preterm infants in one study, the main factors that
facilitated maternal milk feeding were the contribution of
maternal milk to infant growth and well-being and the
parents’ knowledge of the benefits of breastfeeding (S180).
Other essential factors were the availability of education
about breastfeeding and support to mothers who were
motivated to provide their own milk.

CONCLUSION
Maternal milk contains many bioactive factors which are
adjusted for the specific needs of her very preterm infant.
Pasteurised donor milk contains less nutrients and bioactive
factors than maternal milk and does not promote growth,
health and development as well. Providing maternal milk
can be viewed as an example of personalised medicine.
Healthcare professionals and parents need comprehensive
and up-to-date information about the benefits of maternal
milk for very and extremely preterm infants. We believe that
this will facilitate well-informed decisions about maternal
milk feeding that may improve outcomes.
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