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Abstract Growing evidence favours the use of human milk
for the feeding of preterm newborns based on its many ben-
eficial effects. Despite the many benefits, human milk has
been associated as a possible vehicle of transmission for a
number of infections. Although pasteurization of human milk
can diminish the risk of neonatal infection, it also significantly
reduces the concentrations of immunological components in
human milk due to thermal damage. In order to evaluate the
impact of pasteurization on the antibacterial properties of
human milk, we aimed to compare the capacity of raw and
pasteurized human milk to inhibit bacterial proliferation.
Therefore, a single milk sample was collected from ten
healthy lactating mothers. Each sample was divided into two
aliquots; one aliquot was pasteurized, while the other was kept
raw. Both aliquots were inoculated either with Escherichia
coli or Staphylococcus aureus and incubated at 37 °C during
8 h. Viable colony counts from the inoculated samples were
performed at regular time points to compare the bacterial
growth in both forms of breast milk. Relative to the tryptic

soy broth control sample, both raw and pasteurized milk
samples exhibited an inhibitory effect on the growth of E. coli
and S. aureus. Compared with the raw portion, growth inhi-
bition was significantly lower in the pasteurized milk at every
time point beyond T0 (after 2, 4 and 8 h of incubation) (p0
0.0003 for E. coli and p<0.0001 for S. aureus). Conclusion:
Our study shows that pasteurization adversely affects the
antibacterial properties of human milk.
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Introduction

Several studies reported the beneficial effects of human milk
for full-term as well as for premature infants [3,40]. The
benefits of mother's own milk go beyond provision of a
balanced source of nutrients that meet the dietary require-
ments of the infant. It also contains bioactive factors that
protect the infant from illness through a variety of mecha-
nisms, including stimulating immune function development,
anti-inflammatory and antimicrobial activity and enhancing
growth and development of tissues [7,24,33].

Convincing data from both high- and low-income
countries provide strong evidence that feeding on raw moth-
er's milk offers protection against a wide range of infectious
diseases, including otitis media, diarrhoea, necrotizing en-
terocolitis (NEC) and respiratory tract infections [11,19].
The evidence for the benefits of pasteurized donor milk is
limited, but it has been shown that feeding with donor milk
lowers the risk of developing NEC in preterm infants com-
pared to formula milk [32].

Human milk may, however, also be a vehicle for micro-
organisms derived from the mother or the environment
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during collection, storage and handling of the milk. Between
60 and 80 % of samples of expressed human milk are
contaminated with high amounts of skin contaminants, in-
cluding coagulase-negative staphylococci (CoNS), alpha-
haemolytic streptococci and diphteroids [23,28], or patho-
gens such as cytomegalovirus or Escherichia coli [36],
Serratia marcescens [13], Pseudomonas aeruginosa [14]
or Klebsiella species [10].

As a safeguard against the transmission of viral and
bacterial pathogens, best practice requires that donated hu-
man milk must undergo Holder pasteurization prior to being
fed to recipients [15,18,26,40]. Although pasteurization
assures the microbiological safety of human milk, the mech-
anism of thermal inactivation of bacteria is detrimental to
the bioactivity of the milk, since most of the proteins
will denature when exposed to heat. Several studies have
shown that Holder pasteurization reduces to some extent the
activity of important immunomodulating components
[4,8,21,38]. Hence, thermal treatment may not only impair
the beneficial antibacterial properties of human milk, but
may also increase its susceptibility to subsequent bacterial
contamination.

We undertook the current study to evaluate the effect of
Holder pasteurization on the capability of human milk to
inhibit bacterial proliferation. Furthermore, we wanted to
examine the difference in antimicrobial capacity between
human milk collected from mothers who delivered prema-
turely and that collected from mothers who delivered at
term.

Materials and methods

Sample source

Ten human milk samples were collected from ten healthy
lactating women whose babies were admitted to the neona-
tal intensive care unit of the University Hospitals of Leuven.
The women did not show signs of mastitis nor did they
receive antibiotics in the week before sample collection.
Each sample (minimal 30 mL) was collected in one session
using an electric breast pump (Ameda Breastfeeding Prod-
ucts, IL, USA). To ensure the optimum quality of milk, each
donor received oral and written instructions concerning
hygiene, collection, storage and transport when expressing
for her own infant. Nipples and areolas were cleaned with
water before expression. The first milk was not discarded.
Stage of lactation, birth weight and gestational age were
recorded. Each human milk sample was divided into two
aliquots; one aliquot was kept raw, while the other was to be
pasteurized. Both aliquots were stored immediately under
refrigerated conditions (2–5 °C) and processed within a
median of 22 h (and a maximum of 48 h) after expression,

mimicking the feeding practices in the NICU. The time
elapsed from expression to the start of the microbiological
assay was less than 48 h for all milk samples.

Prior to sampling, all donors gave their informed consent
to participate in this study. The study protocol was approved
by the local Ethics Advisory Committee of the University
Hospitals of Leuven.

Thermal treatment

For pasteurization of the samples, the Holder process
(62.5 °C for 30 min) was applied using a S75 TES pasteur-
izer (Sterifeed, UK).

Bacterial proliferation assay

From each donor, we received a pasteurized and raw portion
of milk; each portion was divided into two aliquots (Fig. 1).
One aliquot was inoculated with Staphylococcus aureus (S.
aureus ATCC 6538) and the other with E. coli NCTC
10538. For preparation of the inoculum, the S. aureus and
E. coli strain were cultured overnight on tryptic soy agar
(Oxoid) in order to obtain fresh colonies, suspended in
sterile normal saline (0.9 % NaCl), which was adjusted to
a turbidity equal to that of a McFarland no. 1 standard.

Of each bacterial suspension, 250 μL was separately
added to 4.75 mL of human milk (both to the raw and
pasteurized portion) and to 4.75 mL of tryptic soy broth
(TSB, Oxoid), the latter acting as a normal growth control.
After inoculation of 100 μL, the samples and TSB were
immediately incubated at 37 °C on a mechanical agitator
(200 rpm).

During incubation, viable colony counts were carried out
at regular time points (0, 4 and 8 h) by culturing appropriate
dilutions of the inoculated milk and control samples on
MacConkey agar (Oxoid) for E. coli and on SAID agar
(BioMérieux) for S. aureus at 37 °C for 24 and 48 h,
respectively. The unspiked milk samples were also inocu-
lated on appropriate media to check for sterility in the
pasteurized portion and for background level of bacteria in
the raw portion. Colony counts were performed in triplicate
and expressed as viable colony-forming units (cfu) per
millilitre of milk. The degree of growth inhibition in percent
was calculated as the relative difference in E. coli or S.
aureus counts between control and milk samples.

Statistical analysis

The evolution in growth inhibition was compared be-
tween raw and pasteurized milk using a linear mixed
model for repeated measures for E. coli and S. aureus
separately. A direct likelihood approach was adopted
using an unstructured covariance matrix for the four
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repeated measures in time per specimen–type of milk
combination; a random effect of specimen per point in
time was added to allow correlation at a specific mo-
ment between the inhibition observed for raw and pas-
teurized milk. Based on this model, comparisons
between both types of milk were made for the inhibi-
tion at each of the four time points as well as for the
changes (versus T0) in inhibition at T2, T4 and T8.
Figures were created with least-squares means and 95 %
confidence intervals. Due to the low number of speci-
mens, it was assumed that the 8×8 covariance matrix of
the repeated measures could be described by a lower
number of parameters and that the assumption of nor-
mality was fulfilled. Therefore, as a sensitivity analysis,
levels of inhibition were compared between both types
of milk using signed rank tests at each point in time.
Further, the model of repeated measures has been ex-
tended with the effect of term versus preterm. As such
it was evaluated (a) if the difference in evolution of
inhibition between pasteurized and raw milk depends on
the moment of delivery, (b) if the difference in inhibi-
tion between pasteurized and raw milk depends on the
moment of delivery and (c) if the evolution of inhibi-
tion differs between term and preterm milk. For all
analyses, p values smaller than 0.05 were considered
significant. All analyses were performed using SAS
software, version 9.2, of the SAS System for Windows
(copyright © 2002 SAS Institute Inc., Cary, NC, USA).

Results

A total of ten unfortified human milk samples were ana-
lysed. Five samples were collected from mothers who de-
livered prematurely at a median gestation of 29 weeks
(range, 26–30 weeks) and whose babies had a median birth
weight of 1,315 g (range, 880–1,345 g). The other five
samples were obtained from mothers who delivered at term
at a median gestation of 37 weeks (range, 36–38 weeks);
their babies had a median birth weight of 3,620 g (range,
1,735–4,300 g). According to the stage of lactation, all
samples consisted of mature milk with collection around
the 25th day of postnatal age (IQR, 21–37 days). In order
to check for contamination and to investigate the bacterial
background level, we cultured all breast milk samples be-
fore spiking and found that all pasteurized portions were
sterile, while all raw portions were predominantly contam-
inated with CoNS. Additional microorganisms identified in
some of the samples included alpha-haemolytic and non-
haemolytic streptococci and diphteroids, and in one sample,
we detected Acinetobacter lwoffii. The total bacterial count
was ≤105 cfu per millilitre of milk in all samples, in accor-
dance with the applied limits for donor milk in milk banks
[27]. In three samples, we cultured S. aureus, and those were
excluded from the data analysis of the S. aureus prolifera-
tion assay, because it was not possible to distinguish be-
tween the endogenous and the added strain in our
experiment. At all time points beyond T0, we observed that
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Fig. 1 Schematic overview of sample processing
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E. coli and S. aureus grew significantly less in the milk
samples (in raw as well as in pasteurized) than in the TSB-
control sample (p<0.05).

The main finding of our experiment was a significantly
higher growth inhibition of both E. coli and S. aureus in the
unpasteurized milk compared to the corresponding pasteur-
ized portion (p00.0003 for E. coli, p<0.0001 for S. aureus).
The observed difference was significant at each of the three
time points beyond T0 (after 2, 4 and 8 h of incubation).

For both bacteria types, there was a significant increase in
growth inhibition over time in the pasteurized milk
(p<0.0001 for E. coli and S. aureus) as well as in the raw
milk (p<0.0001 for both species). The evolution of the
growth inhibition observed for both forms of milk during
incubation is illustrated in Figs. 2 and 3. When comparing
the E. coli and S. aureus assay, we found that the difference
in growth inhibition between pasteurized and unpasteurized
milk did not depend on the bacterial species (p00.81).

Additionally, our data showed that the difference in
growth inhibition between pasteurized and raw milk did
not depend on whether the milk was collected from preterm
or from term mothers (p00.53 for E. coli and p00.11 for S.
aureus). Furthermore, we found that, after 4 and 8 h of
incubation, milk from mothers who delivered at term had a
significantly higher inhibitory effect on the growth of E. coli
than milk from preterm mothers (p00.02 at 4 h and p00.006
at 8 h), as shown in Fig. 4. For S. aureus, we did not find a
significant difference in growth inhibition between term and
preterm breast milk at any time point beyond T0 (p00.41 at
2 h, p00.22 at 4 h and p00.21 at 8 h of incubation).

Discussion

Human milk is the golden standard of enteral nutrition for
all newborns, including preterm infants, because of its
unique nutritional and immunological characteristics [11].

The immunomodulatory properties of fresh mother's own
milk have been widely studied. It is clear that protein as well
as nonprotein constituents contribute to the natural immune
defence provided by breastfeeding, through a variety of
ways, including direct inhibition of pathogens, neutraliza-
tion of bacterial toxins, sequestration of bacterial nutrients
as iron, modification of intestinal microflora and stimulation
of the mucosal immune system. Examples of important
vertically transferred anti-infective components include oli-
gosaccharides, leucocytes, secretory IgA, complement fac-
tors, cytokines, lactoferrin and lysozyme [7,12,20].

These anti-infective components of human milk may be
extremely valuable for preterm infants. They are particularly
susceptible to infection as they do not benefit from the
transplacental transfer of maternal immunoglobulins, which
occurs primarily after 32 weeks of gestation. Furthermore,
various studies reported higher concentrations of immune
factors in colostrum produced by mothers of preterm
newborns than in colostrum of term mothers, suggesting a
natural adaptation of the milk content to compensate for the
extreme immaturity of the immune system of preterm babies

Fig. 2 Evolution of growth inhibition of E. coli during incubation.
Means and 95 % confidence intervals are plotted

Fig. 3 Evolution of growth inhibition of S. aureus during incubation.
Means and 95 % confidence intervals are plotted

Fig. 4 Comparison of growth inhibition of E .coli between preterm
and term milk. Means and 95 % confidence intervals are plotted
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[2,17]. Moreover, substantive evidence exists that mother's
own milk is contributory in reducing morbidity in very low
birth weight infants [25,34].

Yet, during the early neonatal period, the neurological
immaturity and respiratory distress of preterm infants pre-
vent them from sucking at their mothers' breast, and they are
initially fed human milk through a nasogastric tube. Given
the well-documented hazards of bacterial contamination of
expressed human milk and considering the frequent excre-
tion of cytomegalovirus during lactation, mother's own milk
is pasteurized before use at the University Hospitals of
Leuven [13,14,22,36]. The pasteurization process may not
be ideal for human milk, and this practice remains a contro-
versial issue in NICUs worldwide. Inevitably, the mecha-
nism of thermal inactivation of bacteria results in a
considerable loss of beneficial proteins present in human
milk. Although several studies already reported reduced
levels of lysozyme [1,38], secretory IgA, lactoferrin, lacto-
peroxidase [1] and sCD14 [8] after Holder pasteurization,
we conducted this study in order to find out to what extent
the global antibacterial capacity of human milk is preserved
following pasteurization. Complementary to the study con-
ducted by Silvestre et. al., who documented that unfortified
fresh human milk presents inhibitory activity on the growth
of E. coli that is partly lost after pasteurization [35], we
investigated the effect of pasteurization on the antibacterial
properties of breast milk towards a Gram-positive as well as
a Gram-negative species. E. coli and S. aureus strains were
chosen on the grounds of being common pathogens causing
contamination of milk and neonatal infections [5,37,39]. It
is of interest that, according to our study design, milk
samples had not been frozen prior to processing and pas-
teurized and raw samples were paired, which means that
they originated from the same donor. Consistent with the
findings of other authors [1,35], our data show that untreat-
ed human milk mutes the proliferation of both E. coli and S.
aureus and that, after thermal treatment, the inhibitory effect
of human milk is partly lost. The present study also demon-
strates that pasteurization of human milk impairs its inhib-
itory activity on E. coli to the same extent as on S. aureus
and that the inhibitory activity of human milk on both
bacterial species increases during incubation.

From this study, we conclude that, relative to a TSB-
control, pasteurized milk still provides substantial inhibition
of the growth of E. coli and S. aureus, albeit significantly
reduced compared to untreated milk. This loss of antibacte-
rial capacity can partially be explained by the reduced
concentrations and activities of major immunologic compo-
nents with both specific and non-specific bactericidal and
bacteriostatic activities due to thermal damage [35]. Another
possible contributing factor to the enhanced antibacterial
activity of raw human milk is the presence of commensal
bacteria that are thought to inhibit pathogenic growth by

their production of bacteriocins and by competition for
nutrients [16].

The observed increase in inhibitory effect during incuba-
tion is hypothesized to be partially due to a progressive
increase in free fatty acids by the effect of milk lipases. Free
fatty acids are known to have very potent cytolytic effects
on microorganisms [30]. Additionally, the enhancement of
antibacterial activity during incubation might be attributed
to the involvement of complement which is characterized by
a certain delay from activation to onset of bacterial killing
[20,29].

The secondary goal of our experiment was to compare
the antibacterial properties of preterm and term breast milk
in vitro. We did not find a significant difference in growth
inhibition of S. aureus between preterm and term milk. Yet,
contrary to what we expect based on the higher concentra-
tions of immune factors reported in preterm milk, we found
that term milk was more inhibitory to the growth of E. coli
than preterm milk after 4 and 8 h of incubation. Although
this finding should be interpreted with caution because of
the small sample size, it does agree with the observations
described by Castellote et al. [6]. They stated that the adap-
tation, responsible for higher concentrations of bioactive
factors in colostrum of mothers who delivered between 30
and 37 weeks of gestation, is not efficient when delivery
occurs very prematurely (before 30 weeks). In addition, they
found that, irrespective of the weeks of gestation, the adap-
tation seems transient, since no differences in immune com-
position could be found in mature milk.

Overall, our data demonstrate a reduced capability of
pasteurized human milk to curb bacterial proliferation dur-
ing incubation at 37 °C, mimicking the body temperature.
This in vitro finding might suggest that newborns fed pas-
teurized human milk could be more susceptible to bacterial
infections than those fed raw milk. Schanler et al. already
reported more episodes of late-onset sepsis and NEC in
premature infants fed pasteurized donor milk compared to
those fed untreated mother's own milk [34].

Our study is limited by its small sample size and by the
fact that all samples were refrigerated overnight prior to
processing; this delay may have allowed lipolysis resulting
in enhanced antimicrobial activity of both raw and pasteur-
ized samples. Another weakness is that we did not include
preterm formula milk in our assays. It would have been
interesting to compare the antibacterial properties of both
raw and pasteurized milk relative to formula milk instead of
the tryptic soy broth control.

While the advantages of human milk for preterm infants
have become more widely recognized over the last decade,
little is known about the risks associated with feeding raw
milk potentially contaminated with pathogens to preterm
babies. In order to minimize exogenous contamination of
expressed milk, stringent principles of hazard analysis and
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critical control points to ensure quality and safety should be
established with priority [9]. Perhaps the most pressing task
for future research is to answer several unresolved questions
regarding bacteriological safety of mother's own milk for
these immunologically vulnerable infants. For example,
should a bacteriological screening of fresh milk be imple-
mented prior to administration or is administration of pas-
teurized milk always preferable despite the considerable loss
in antibacterial capacity [31]? Should we be cautious re-
garding the risks of feeding heat-treated milk containing
bacteria potentially capable of producing heat stable enter-
otoxins (e.g., S. aureus)? Does feeding processed, sterile
human milk in the first weeks of life influence the develop-
ment of the intestinal microbiota of the preterm infant?

As the total antimicrobial protection provided by human
milk appears to be far more than can be elucidated by
examining protective factors individually, we believe that
the impact of pasteurization of mother's own milk on the
incidence of infection in premature infants can only be
clarified through prospective trials.
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interest.
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