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Abstract

Background: Raw, never stored or pasteurized mother’s own milk (MOM) is not always available to feed preterm infants;
however, storage and pasteurization of MOM diminishes some bioactive components. It can be difficult to feed raw MOM
to preterm infants due to transportation and storage of small volumes that might be pumped away from the infant, and a
concern that they might harbor bacteria. However, the higher availability of bioactive components in raw MOM may provide
benefits to preterm infants compared to frozen or pasteurized MOM.

Research Aim: To systematically review and summarize the results of studies on feeding raw MOM versus frozen or
pasteurized MOM to preterm infants born at less than 37 weeks of gestation.

Methods: Four databases were searched (Cochrane, Embase, Ovid MEDLINE, and Web of Science) for this systematic
review. Of 542 studies identified, nine met inclusion criteria and were critically evaluated using the quality assessment tool
for quantitative studies by the Effective Public Health Practice Project. Studies were organized using the Breastfeeding
Challenges Facing Preterm Mother—Infant Dyads theoretical framework.

Results: Included studies evaluated the outcomes of preterm infants fed raw versus pasteurized MOM (n=7, 77.8%) or
raw versus frozen MOM (n=2, 22.2%). Researchers found that raw MOM did not increase infant infections and may have
improved health and growth outcomes for study participants.

Conclusion: There is laboratory evidence supporting the safety and efficacy of the use of raw MOM for preterm infants.
A raw MOM diet is recommended for preterm infants by professional organizations. Despite this, it may not be universally
prioritized and could require purposeful implementation by each institution. Further research is needed to pursue the
potential benefits of a raw MOM diet for preterm infants.
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Background

High-dose mothers’ own milk (MOM) from birth to neonatal
intensive care unit (NICU) discharge may help reduce health-
care costs (Meier et al., 2017). Researchers have found that
MOM may reduce preterm infant morbidity, including
improved neurological outcomes to 7 years of age (Belfort
et al., 2022), decrease the risk of bronchopulmonary dyspla-
sia (BPD; Xu et al., 2020), and reduce the risk of necrotizing
enterocolitis (NEC) and sepsis (Cortez et al., 2018;
Gopalakrishna et al., 2019). The health benefits of MOM are
due primarily to nutritional and bioactive components that

have synergistic mechanisms of action and change with the
stage of lactation (Gila-Diaz et al., 2019). Bioactive compo-
nents including secretory immunoglobulin A (sIgA; Palmeira
& Carneiro-Sampaio, 2016), hormones (Mazzocchi et al.,
2019), stem cells (Kakulas, 2015), oligosaccharides, probi-
otic microorganisms (Pannaraj et al., 2017), and antioxidants
(Paduraru et al., 2018), aid infant growth and development
(Meier et al., 2018) and improve neonatal immunological
health (Munblit et al., 2017).

However, the storage of MOM and the passage of time
diminish some of its bioactive components (Lawrence,
1999; Paulaviciene et al., 2020; Vass et al., 2020). For
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example, stem cells—believed to influence immune
development and assist in intestinal tissue repair (Mol¢és
et al., 2018)—begin to decrease several hours after milk
extraction (Kakulas, 2015). Some countries routinely pas-
teurize MOM, which further diminishes its bioactive
properties (Aceti et al., 2020; Agence Francaise de
Securite Sanitaire des Aliments, 2005; Vass et al., 2020).
However, healthcare organizations, for example, the
American Academy of Pediatrics (AAP) and the European
Society of Pediatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN) recommend raw mother’s own
milk (rMOM) for preterm infants (American Academy of
Pediatrics [AAP], 2012).

In the neonatal intensive care unit (NICU), rMOM is
often not prioritized, possibly owing to the tiny volumes con-
sumed in the first weeks to months of life, pumping that
occurs at locations away from the infants, centralization of
milk management, and perceived risk for cytomegalovirus
(CMV) transmission. For these reasons, much of the pumped
MOM is frozen or pasteurized until needed. In contrast, the
healthy term infant can receive fresh MOM during direct
breastfeeding.

Conceptual Framework

This review was framed by the Breastfeeding Challenges
Facing Preterm Mother—Infant Dyads framework (Figure 1;
Lau, 2018). This framework describes concepts that influ-
ence human milk production for mothers of preterm infants
in the NICU and demonstrates how improving the mother's
ability to pump can positively affect her ability to provide
sufficient human milk. While a human milk diet improves
the infant's overall growth and health, raw human milk may
further augment those benefits. The aim of this review was to
summarize the results of feeding raw MOM versus frozen or
pasteurized MOM to preterm infants born at less than
37weeks gestation.

Methods

Research Design

A systematic review was used to identify studies that com-
pared the effects of feeding raw MOM versus altered MOM
(pasteurized or frozen) for preterm infants’ health. The

Key Messages

e Raw, never stored or pasteurized, mother’s own
milk is not frequently used to feed preterm
infants; however, storage and pasteurization of
mother’s own milk diminish some bioactive
components.

e This review found positive growth and health
benefits and no negative outcomes with a raw
mother’s own milk diet versus frozen or pas-
teurized mother’s own milk.

e Raw mother’s own milk has the potential to
improve preterm infant health outcomes but has
not been fully explored in the preterm infant
population and requires further study.

approach allowed us to identify relevant research and criti-
cally appraise the findings. The protocol and search criteria
were registered on PROSPERO (CRD42022367550).

Sample: Defining the Articles Reviewed

Table 1 summarizes the elements of the nine studies included
in this review. Sample sizes ranged from 12 to 926 preterm
infants. Publication dates ranged from 1984 to 2023 with
seven of the nine studies (77.8%) published in the last 10
years. Studies were from Sweden (n=1), Belgium (n=3),
France (n=2), India (n=1), and China (n=2). Minimal race
and ethnicity information was provided in the included stud-
ies. All studies had a quantitative design; three were random-
ized controlled trials (33.3%), one was a randomized
crossover (11.1%), four were prospective observational stud-
ies (44.4%), and one was a retrospective observational study
(11.1%). All had at least one aim that compared the results of
raw MOM (rtMOM) and altered MOM (aMOM) on preterm
infant outcomes.

We included peer reviewed studies published in English.
All research methods that addressed the aim were considered
(Figure 2). In addition, the bibliographies of the included
studies were reviewed. The PRISMA checklist was used to
ensure transparency and thoroughness (Page et al., 2021).

Articles were excluded if the tMOM group was not
defined, if they used donor human milk (DHM), did not
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Figure I.

Conceptual Model of Breastfeeding Challenges Facing Preterm Mother—Infant Dyads (Lau, 2018).

Note. From “Breastfeeding Challenges and the Preterm Mother—Infant Dyad: A Conceptual Model” by C. Lau, 2018, Breastfeeding Medicine, 13(1), p. 9
(https://doi.org/10.1089/bfm.2016.0206). Reprinted with permission from the author.

include results (protocol only), or did not include a compari-
son group. Studies that only included CMV infection as an
outcome were excluded as postnatally-acquired CMV is con-
troversial, making the results difficult to interpret (Gunkel
etal., 2018; Park et al., 2021).

Data Collection

Given the sparsity of evidence and no previous review pub-
lished using this search criteria, no date limits were placed on
the search. The search was completed with the assistance of
an academic research librarian on January 17, 2023, using
the Cochrane Database of Systematic Reviews, Embase,
Ovid MEDLINE, and Web of Science. The search was com-
pleted using the following keywords: human milk, frozen
OR pasteurized, fresh OR raw, prematurity, and low birth-
weight. The full search criteria are reported with registered
protocol on PROSPERO CRD42022367550.

Measurement

In the literature, “fresh MOM” and “raw MOM” are used
interchangeably to mean human milk expressed, kept at
room temperature, and fed within 4hr (Sun et al., 2019).

Frozen MOM (fMOM) is defined as expressed MOM that
has been kept at temperatures at or below —18 °C £2 °C
(Picaud et al., 2018), and pasteurized MOM (pMOM) is
defined as MOM that has been heat-treated for 30 min at
62.5 °C (Holder method) and then refrozen until needed
(Picaud et al., 2018). There is evidence that frozen and pas-
teurized MOM undergo similar changes to bioactive pro-
tein compositions (Kaya & Cinar, 2023; Paulaviciene et al.,
2020). In this review, f/MOM or pMOM is referred to as
altered MOM (aMOM) and was compared with rMOM.

Studies were initially screened by the primary author (JG)
based on titles and abstracts. The review software PICO
Portal removed all duplicates (PICO Portal, 2022). The
remaining articles underwent an independent, full-text
review by the primary author (JG) and another master’s pre-
pared nurse, to minimize bias. A data coding sheet with
selected study information was compiled independently by
each reviewer for each included study with the following
headings: citation, country, setting, definition of rMOM or
aMOM, study design, study aim, sample characteristics,
inclusion criteria, exclusion criteria, analysis, findings, and
recommendations. Any disagreements between the two
reviewers were discussed and resolved. The percent agree-
ment between the independent coders was calculated using
Cohen’s kappa (k=1.0).
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Table 1. Study Characteristics for Raw Versus Frozen or Pasteurized Mother’s Own Milk Review (N = 9).

First Author, Year

Design Aim

Sample & Setting

Andersson, 2007 Randomized

Evaluate growth when fed rMOM vs. pMOM

N =5, 27-30 GA, 825-1325g BW

crossover Sweden

Cossey, 2013 RCT Investigate if rMOM vs. pMOM influences N = 303, 28-31 GA, 1291 +/- 353g BW
incidence and severity of infections Belgium

Cossey, 2014 Prospective Investigate intestinal colonization with N =150, 27-31 GA, 1308 +/- 377g BW
observational staphylococci based on diet of rMOM vs. pMOM  Belgium

de Halleux, 2019 Prospective, non-
interventional
study
pMOM on growth

de Oliveira, 2017 RCT

Evaluate growth of VLBW fed individualized
fortified human milk with mostly MOM or
mostly DHM. Determine influence of rMOM vs.

Evaluate impact of rMOM vs. pMOM on gastric
digestion, lipolysis, proteolysis

N =101,27.8 +/- 1.9 GA,
975+/- 255g BW
Belgium

N =12, 28-32 GA, 1400 +/- 300g BW
France

Dicky, 2017 Observational Evaluate impact of rMOM vs. pMOM on weight N = 926, 29.1 +/- 1.9 GA,
gain, mortality, morbidity 1267 +/- 338g BW
France
Huang, 2023 Prospective Evaluate feasibility and health outcomes of feeding N = 157, 29.3 +/- 1.4 GA,
Cohort very preterm infants with rMOM vs. pMOM 1189 +/-195g BW
China

Narayanan, 1984 RCT

Evaluate association of rMOM vs. pMOM with

N = 226, 28-37 GA, 1001-2500g BW

incidence of infection in high-risk infants India

Sun, 2019 Prospective

cohort vs. IMOM

Evaluate feasibility and safety of providing rMOM

N = 221, 28.3 +/- 3.6 GA, weight
z-score 0.35 +/- 0.90
China

Note. rMOM =raw mother’s own milk human milk expressed, kept at room temperature, and fed within 4hr (Sun et al., 2019); pMOM = pasteurized
mother’s own milk that has been heat-treated for 30 min at 62.5 °C (Holder method) and then refrozen until needed (Picaud et al., 2018); fMOM=frozen
mother’s own milk is expressed MOM that has been kept at temperatures at or below —18 °C =2 °C (Picaud et al., 2018); GA =gestational age measured
in weeks; BW =birth weight; RCT =randomized controlled trial; DHM =donor human milk.

The findings were organized by the guiding framework
concepts of non-nutritional growth/development and nutri-
tional growth/development. Non-nutritional growth/devel-
opment is defined as the infant's overall health and medical
status, and nutritional growth/development is defined as the
infant's anthropometric growth and development of oral
feeding skills (Lau, 2018).

Data Analysis

Study strengths and limitations were extracted and evaluated
by all authors. The Effective Public Health Practice Project
(EPHPP) quality assessment tool checklist for quantitative
studies was used to evaluate internal methodological congru-
ence and risk of bias as strong, moderate, or weak (Thomas
et al., 2004). Quality and bias were evaluated based on the
selection of participants, study design, confounders, blind-
ing, data collection, withdrawals and dropouts, intervention
integrity, and analysis (Thomas et al., 2004). The reviewers
discussed and agreed upon the final quality rating of the
studies. Following quality appraisal, the study results were
discussed based on concepts from the guiding conceptual
model of Breastfeeding Challenges Facing Preterm Mother—
Infant Dyads (Lau, 2018).

Results
Quality Analysis

Table 1 summarizes the elements of the nine studies included
in this EPHPP (Thomas et al., 2004). Two of the nine studies
were appraised as weak owing to the possibility of sampling
bias related to small sample size and potential for crossover
effects (Andersson et al., 2007) or risk of bias from partici-
pants having a short hospital stay (< 4days; Narayanan
et al., 1984). One study was appraised as moderate owing to
the risk of sampling bias (de Oliveira et al., 2017). The
remaining six studies were appraised as strong (Cossey et al.,
2013, 2014; de Halleux et al., 2019; Dicky et al., 2017,
Huang et al., 2023; Sun et al., 2019). A summary of included
study variables, measurement processes, key findings, and
quality is provided in Table 2.

Nutritional Growth and Development

Of the nine studies, five examined growth-related outcomes
comparing rMOM to aMOM (Andersson et al., 2007; Cossey
et al., 2013; de Halleux et al., 2019; Huang et al., 2023; Sun
et al., 2019). Cow’s milk based human milk fortifier was
added equally across the study groups in four of the studies
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Figure 2. PRISMA Flow Diagram for Identification of Studies Included in Review.

(Cossey et al., 2013; de Halleux et al., 2019; Huang et al.,
2023; Sun et al., 2019). No fortifiers were used in one of the
studies that reported growth-related outcomes (Andersson
etal., 2007). Significantly improved weight gain with IMOM
was noted in three studies, demonstrated by a faster regain-
ing of birth weight (p=.021; Huang et al., 2023), an increased
weight gain of 1.96g/kg/day (p<.001; de Halleux et al.,
2019), and improved z-score weight gain (p=.01, CI [0.12,
3.67]; Sunetal., 2019). None of the included studies reported
negative growth findings.

Non-Nutritional Growth and Development

Seven of the included studies reported a decreased or
unchanged risk of deleterious health outcomes for preterm
infants fed tMOM (Cossey et al., 2013, 2014; de Oliveira
etal., 2017; Dicky etal.,2017; Huang et al., 2023; Narayanan
et al., 1984; Sun et al., 2019). Three studies specifically

evaluated the risk for preterm infant infections (Cossey et al.,
2013; Narayanan et al., 1984; Sun et al., 2019). One found a
significant decrease in NEC or mortality (relative risk [RR]
0.45, CI [0.21, 0.96], p=.04; Sun et al., 2019). Two other
studies found no significant differences in the incidence of
infection (Cossey et al., 2013; Narayanan et al., 1984). In one
study, a protective effect from infection with tMOM was
seen when both rMOM and pMOM were alternated with
human milk substitute (Narayanan et al., 1984). However,
this practice is no longer considered ethical, given the poor
outcomes associated with human milk substitute use (Brown
etal., 2019).

A decrease in common reasons for preterm infant morbid-
ity was found in three studies (Dicky et al., 2017; Huang
et al., 2023; Sun et al., 2019). A significant decrease in BPD
(OR = 0.40, 95% CI [0.27, 0.67], p<0.001) was found by
Dickey et al. (2017), who compared NICUs with a feeding
policy that supported the use of rMOM versus those with
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policies requiring pasteurization of MOM for infants
< 1500g. In a prospective cohort study (N=157), Huang
et al. (2023) also found an improvement in BPD for preterm
infants fed tMOM (OR = 0.345, 95% CI [0.15, 0.77],
»=0.010). Finally, one study demonstrated an improvement
in survival without severe complications in infants fed
rMOM (OR = 2.590, 95% CI [1.22, 5.49], p=0.013; Huang
et al., 2023).

Other potential effects related to an rMOM diet were
found in the included studies. Cossey et al. (2014) found that
preterm infant diet did not affect the frequency, density, or
stability of Staphylococci colonization, a common cause of
preterm bloodstream infections. Furthermore, de Oliveira
et al. (2017) found that the enteral feeding type also did not
affect gastric digestion, but pasteurization of MOM increased
the proteolysis of lactoferrin (»p <0.01). Finally, Sun et al.
(2019) and Huang et al. (2023) found that a diet of IMOM
decreased the days of total parenteral nutrition (p=0.02 and
p=0.045, respectively).

Discussion

This review found some positive growth and health benefits
with rMOM versus aMOM including a significant decrease
in BPD (Dicky et al., 2017; Huang et al., 2023) and improved
anthropometric growth (Andersson et al., 2007; de Halleux
et al., 2019; Sun et al., 2019). Additionally, two studies
directly demonstrated the feasibility of feeding rMOM in
multi-cite and single-site studies, respectively (Huang et al.,
2023; Sun et al., 2019). Importantly, there were no negative
growth or health effects seen with feeding rMOM versus
aMOM.

Nutritional Growth and Development

Benefits of rMOM identified in this review may be attributed
to the digestibility of tMOM for preterm infants (Miller
et al., 2018) or related to the evidence of 17% higher fat
absorption demonstrated with rMOM versus pMOM
(Andersson et al., 2007). Promoting preterm infant growth
can be challenging, given the myriad obstacles related to
immaturity. Despite this, efforts to support preterm infant
growth are important as infant growth has been associated
with improved long-term cognitive outcomes (Barreault
et al., 2019; Ottolini et al., 2020).

Bioactive factors, like lactoferrin, interact with intestinal
bacteria to establish a healthy intestinal microbiome,
decrease infection and decrease gut inflammation in preterm
infants (Thai & Gregory, 2020). Researchers have demon-
strated that a diet of rMOM conveys more lactoferrin than
aMOM (Paulaviciene et al., 2020). This has the potential to
improve preterm infant health by decreasing inflammation
and providing immune support (Maffei & Schanler, 2017;
Spiegler et al., 2016). Conversely, pasteurization of MOM
increases the proteolysis of lactoferrin, which may decrease

its absorption and, therefore, its health benefits (de Oliveira
etal., 2017).

Several of the statistically significant outcomes attributed
to rMOM may not be clinically significant. For example, the
birth weight is expected to be regained by 14 days of life.
Regaining birth weight at day 6.9 versus day 7.5, a difference
of 14.4hr, may not be clinically significant (Huang et al.,
2023).

Non-Nutritional Growth and Development

Dicky et al. (2017) separated rMOM and pMOM groups
based on NICU policies and did not provide individual infant
diet information, thereby precluding specific conclusions
related to the effect of preterm infant diet. The improvements
in BPD rates found by Dicky et al. (2017) may have been due
to other unmeasured variables in the units supporting the use
of IMOM. However, Huang et al. (2023) also found improve-
ments in BPD rates, thus strengthening the possible associa-
tion between an rMOM diet and decreased BPD rates.

Understanding the effect of rIMOM on the most vulnera-
ble preterm infants is limited by the difficulty in capturing
the extremely preterm population, as demonstrated by only
three studies including extremely preterm infants who were
< 27weeks gestational age at birth (de Halleux et al., 2019;
Huang et al., 2023; Sun et al., 2019). Further still, the study
by Narayanan et al. included infants up to 37 weeks gesta-
tional age.

In two studies, the baseline characteristics differed (de
Oliveira et al., 2017; Sun et al., 2019). In the study by de
Oliveira et al. (2017) the macronutrients of the rMOM and
pMOM differed significantly; however, growth-related con-
clusions were not drawn in this study. Baseline infant charac-
teristics differed significantly for antenatal betamethasone
provided to the IMOM group in the study by Sun et al. (2019)
which could have confounded the positive outcomes in the
rMOM group.

Implications for Practice. Human milk, specifically MOM,
in any form, is the best diet for preterm infants (AAP, 2012).
Nursing interventions encouraging mothers to pump and
provide human milk, regardless of hospital policy regard-
ing storage or pasteurization, are vital to improving preterm
infant outcomes (Hallowell et al., 2016). Nurse support for
practices that improve MOM production, like skin-to-skin
holding or breastfeeding education, can significantly
increase breastfeeding outcomes for preterm infants
(Conde-Agudelo & Diaz-Rossello, 2016; Yang et al., 2019).
Additionally, policy and best-practices guidance on how to
safely prioritize a rMOM diet for preterm infants in the
NICU is needed.

Neonatal providers should know that national guidelines
support the use of rIMOM (AAP, 2012), and rMOM may be
beneficial, as demonstrated by the studies in this review.
However, all outcomes evaluated in this review were only
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supported by one or two studies, making the magnitude of
any effects difficult to fully understand.

Implications for Research. Further evaluation of the poten-
tially positive effects of feeding rMOM versus aMOM is
needed. Given that most NICUs do not routinely pasteurize
MOM, studies that compare the effects of TMOM versus
fMOM would be of the most importance. Sun et al. (2019)
and Huang et al. (2023) demonstrated potential benefits of
rMOM for decreasing common preterm morbidities, but
studies with larger sample sizes are needed. Sun et al. (2020)
has since published a protocol to evaluate the effects of
rMOM versus fMOM for preterm infants in a large, multi-
center study in China.

In future studies, ensuring that an adequate number of
infants less than 25 weeks gestation are included would be
helpful to ensure safety at the limits of viability. Furthermore,
even though bench science suggests that freezing or pasteur-
izing MOM may damage its beneficial bioactive components
(Aceti et al., 2020; Lawrence, 1999; Paulaviciene et al.,
2020; Sheen et al., 2021; Vass et al., 2020), more studies are
required to determine whether rMOM is superior to aMOM
for preterm infant health outcomes. Moreover, future studies
should quantify infant diets by the amount of aMOM, rMOM,
or DHM received versus a binary outcome to understand any
related outcomes.

Studies evaluating the effects of IMOM on preterm infant
outcomes are complex, as mothers often pump in locations
outside of the NICU; therefore, practices like pumping at the
infant's bedside would be a convenient way to access IMOM.
Understanding the feasibility, barriers, and effect on the
mother’s breastfeeding experience of bedside pumping would
support future studies requiring access to rMOM. Lastly,
given that rIMOM promotes a healthy preterm microbiome
compared with DHM (Hard et al., 2019), evaluating the effect
of rMOM versus aMOM on the preterm infant microbiome
would further elucidate effects of an rMOM diet.

Limitations. This review was limited by the number and qual-
ity of studies that directly compared rMOM versus aMOM
and the heterogeneity of outcomes which precluded firm
conclusions. All of the studies were completed in Europe
(n=6) or Asia (n=3), and given the disparateness of the unit
policies regarding MOM usage, small sample sizes, and the
variety of populations, the results are difficult to generalize.
Also, the included study outcomes may have unknown con-
founding biases that would distort the interpretation of the
results. Selection bias may have occurred despite the use of a
research librarian search support and two reviewers for the
study selection. Finally, excluding studies not available in
English may have biased the findings.

Conclusions

Despite national guidelines supporting the use of rMOM for
preterm infants (AAP, 2012) and multiple laboratory studies

finding benefits of rIMOM that could improve the health of pre-
term infants (Cheng et al., 2021;; Kakulas, 2015; Mazzocchi
et al., 2019; Paduraru et al.,, 2018; Palmeira & Carneiro-
Sampaio, 2016; Pannaraj et al., 2017), an rMOM diet is not uni-
versally prioritized and requires purposeful implementation by
each institution. More studies are needed to directly evaluate the
effect of an rIMOM versus aMOM diet for preterm infant health
and growth outcomes. Overall, the nine studies in this review
did not demonstrate harm when feeding rMOM versus aMOM.
There is some evidence that a diet of rIMOM may support posi-
tive health and growth outcomes compared to aMOM, but more
research is needed. Finally, caution in generalizing these results
is warranted given the sparsity of evidence.
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