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Impact of processing techniques
on donor human milk: a
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Lina Murillo Garantiva and Daniela Ortiz Peralta

Department of Pediatrics, School of Medicine, Universidad de La Sabana, Chia, Colombia

Introduction: Mothers' milk is the optimal source of nutrition for infants. When
unavailable, pasteurized donor human milk (PDHM) is the recommended alter-
native, particularly for premature neonates at a risk of food insecurity. However,
processing methods, such as pasteurization, can alter the nutritional and bioac-
tive composition of milk. This scoping review synthesizes current evidence from
multi-omics technologies and bioinformatics to characterize the biochemical
impact of processing on PDHM and identify knowledge gaps.

Methods: A systematic literature search was conducted using five databases
(Medline, EMBASE, Scopus, LILACS, and Web of Science) in accordance with the
PRISMA Extension for Scoping Reviews (PRISMA-ScR) guidelines. Observational
and descriptive studies characterizing the proteome, glycome, lipidome, or
metabolome of pasteurized milk using high-resolution analytical techniques
such as mass spectrometry or nuclear magnetic resonance spectroscopy were
included. Of 304 articles screened, 18 met the inclusion criteria.

Results: The processing effects varied markedly depending on the biomolecule
and the technique. Holder pasteurization (HoP), the most widely used method,
causes substantial degradation of key immune proteins (e.g., IgA and lactoferrin)
and enzymes. In contrast, human milk oligosaccharides (HMOs) and trace ele-
ments remained relatively stable. Alternative methods, including high-temper-
ature short-time (HTST) pasteurization and high-pressure pasteurization (HPP),
more effectively preserve the bioactive components. Notably, HOP promotes the
formation of Maillard reaction products and advanced glycation end products
(AGEs), which may have detrimental biological effects.

Conclusion: Multi-omics analyses highlighted a critical trade-off between micro-
biological safety and the preservation of bioactive integrity in PDHM, particularly
with HoP. These technologies are essential for quantifying processing-induced
alterations and for guiding the development of improved preservation strategies.
Such approaches are pivotal for implementing precise nutritional interventions
aimed at optimizing health outcomes in vulnerable neonatal populations.
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1 Introduction

Mothers’ milk is universally recognized as the best food for
healthy infants, premature neonates in the neonatal intensive care unit
(NICU), and growing infants. There are clinical and social situations
in which the mother’s milk is unavailable or insufficient to meet the
child’s nutritional demands (1). Under these circumstances, the World
Health Organization (WHO) recommends feeding with pasteurized
donor human milk (PDHM) as the best alternative to mother’s milk
and is superior to infant formula (2). The use of PDHM not only ben-
efits premature or pathologically conditioned neonates, but also
healthy infants at risk of food insecurity (1). It is estimated that
approximately 800,000 infants will receive a PDHM in 2020 (3). The
benefit of feeding premature neonates PDHM is mainly observed in
the reduction of necrotizing enterocolitis (NEC) and sepsis episodes,
in addition to improving oral feeding tolerance (4, 5). On the other
hand, healthy infants at the community level have shown adequate
growth rates when they receive PDHM as a sole source or supplement
for breastfeeding (6).

The PDHM is produced by the national network of human milk
banks (HMBs) (7-9). These institutions play a crucial role in achieving
sustainable development goals by ensuring human milk feeding and
promoting the reduction of malnutrition and neonatal and infant mor-
tality while also representing a cost-effective strategy for neonatal care
(10, 11). This impact has driven their global expansion, with efforts
aimed at establishing new milk banks in the low- and middle-income
regions (12). Ensuring the microbiological safety of donor human milk
(DHM) involves several steps: collecting milk from multiple donors,
processing and pooling to homogenize the nutrient content, pasteuri-
zation, and storage (11, 13). Furthermore, its composition is deter-
mined by factors such as gestational age, lactation stage, and the diet
of the donating mothers (14). This can result in variability in the final
compounds of PDHM compared to native milk, leading to a change
in nutritional components (13). Because the health benefits of human
milk are provided by its nutritional components and bioactive mole-
cules, it is necessary to characterize the composition of PDHM (15).

Traditional analytical techniques are insufficient to capture this
complexity. Therefore, the need to expand knowledge in this field is
recognized, and new techniques based on multi-omics approaches
such as proton nuclear magnetic resonance spectroscopy (H NMR)
and mass spectrometry (MS) are being employed. These high-resolu-
tion technologies have the potential to provide a more detailed under-
standing of the specific composition of PDHM, influence of different
variables, and determine its safety (16, 17). Their application in infant
nutrition opens new avenues to improve health outcomes, thus offer-
ing the opportunity to enhance neonatal nutritional care (15, 18-20).

Given these considerations, this scoping review aimed to system-
atically characterize the nutritional composition and bioactive mole-
cules of pasteurized donor human milk using multi-omics and
bioinformatics analyses from high-throughput platforms such as H
NMR and MS, and to identify existing knowledge gaps to guide future
research and processing innovations.

2 Materials and methods

This scoping review was conducted in accordance with PRISMA
Extension for Scoping Reviews (PRISMA-ScR) guidelines (21).
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2.1 Literature search strategy

A literature search was conducted in June 2025 using the elec-
tronic databases Medline, EMBASE, Scopus, Latin American and
Caribbean Health Sciences Literature (LILACS), and Web of Science.
A “snowball” search was also carried out by identifying additional
studies from the reference lists of publications selected for full-
text review.

The search terms included the following keywords, synonyms, and
subject indexing terms (MeSH and DeCS): milk banks, human milk
banks, human milk banking, pasteurization of human milk, mass
spectrometry, proton magnetic resonance spectroscopy, proteomics,
metabolomics, lipidomics, oligosaccharides, and glycomics. The
search strategy in PubMed was as follows: ((Milk Banks) OR (Human
Milk Bank) OR (Donor Human Milk) OR (Human Milk Banking) OR
(Pasteurization)) AND ((Mass Spectrometry) OR (Magnetic
Resonance Spectroscopy)) AND ((Omics) OR (Proteomics) OR
(Lipidomics) OR (Metabolomics) OR (Oligosaccharides) OR
(Glycomics)).

2.2 Study eligibility criteria

Observational and descriptive studies were included, in
English or Spanish, that analyzed donor human milk subjected to
pasteurization in HMBs using high-resolution technology via
mass spectrometry and/or proton nuclear magnetic resonance
spectroscopy accompanied by separation techniques and charac-
terized the composition in terms of nutrients and/or cellular com-
position (biomolecules). Literature reviews, conference abstracts,
posters, letters to the editor, summaries, and in vitro studies were
excluded.

2.3 Study screening and inclusion

The search and selection of studies were carried out by research-
ers (SA-P, JB, SG, CP, LG, and DP) in a blind and independent
manner. The initial screening was performed by title and abstract
using the Rayyan® web tool, where duplicate records were initially
identified owing to the overlap between the consulted databases.
The screening results were compared and discrepancies were
resolved by consensus among the researchers. Articles identified as
relevant for the scoping review were retrieved from the full text for
in-depth reading by the researchers independently to determine
their final inclusion. Discrepancies were resolved through
consensus.

2.4 Data extraction and synthesis

Study characteristics were extracted using a standardized data
charting form, including (a) bibliographic information: author, year
of publication, and country of origin; (b) study title; (c) analytical
scope; (d) pasteurization or sterilization method applied; (e) high-
resolution analytical technology used; (f) bioinformatics database
employed; (g) characterized component(s) (e.g., proteome, lipidome,
metabolome, glycome); (h) population and/or sample analyzed; and
(i) clinical characteristics of the donor-infant dyad. For the qualitative
synthesis of information, categorization was planned according to the
characterization of the omics component, pasteurization methodol-
ogy, and the clinical and/or biological characteristics.
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3 Results

A total of 205 records were identified. During the initial screening,
172 documents were excluded. After full-text assessment, 13 addi-
tional studies were excluded, resulting in 20 studies included in the
final analysis. The main reasons for exclusion were incorrect popula-
tion, outcome, publication type, and irrelevant subject matter
(Figure 1).

Supplementary Table S1 summarizes the main characteristics of
the studies included in this scoping review, detailing their analytical
scope, pasteurization or sterilization methods, high-resolution tech-
nologies, bioinformatics tools, main components analyzed, study
population, and principal findings.

The included studies will be published between 2011 and 2025.
The United States was the most frequent country of origin, followed
by France, and other regions. Most investigations have employed pro-
teomics either as a single approach or combined with other omics
strategies, while metabolomics, lipidomics, and glycomics have also
been represented across studies. Several studies have adopted multi-
omics designs that integrate two or more analytical layers to provide
a broader characterization of donor human milk composition.

10.3389/fnut.2026.1768504

High-resolution analytical platforms are predominantly based on
mass spectrometry coupled with liquid or gas chromatography, fre-
quently complemented by advanced bioinformatics processing pipe-
lines. The primary objective of most studies has been to evaluate the
compositional and functional changes in pasteurized donor human
milk using different processing techniques. Additional variables evalu-
ated across studies included the lactational stage, storage conditions,
and, in some cases, simulated gastrointestinal digestion models or dif-
ferences between milk pools and individual donor samples.

3.1 Human Milk treatment: pasteurization/
sterilization techniques

The main objective of most studies has been to evaluate the effect
of processing methods on the nutritional and bioactive components
of DHM, including proteins, lipids, carbohydrates, trace elements, and
nucleotides. Various sterilization techniques have been investigated,
which can be classified as thermal, pressure, irradiation, and freeze-
drying methods. The aim was to understand the differences resulting
from the implementation of each technique and compare the effects
between them.

[ Identification of studies via databases and registers ]
S
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= Pubmed (n = 107) Record; rgmoved before
e Scopus (n = 105) p| Screening.
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FIGURE 1
PRISMA flow diagram of the study selection process.
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Thermal methods have been studied extensively. This includes
holder pasteurization (HoP), which consists of heating the milk to
62.5 °C for 30 min; it served as the reference method and was evalu-
ated in 18 of the 20 studies, either alone (22-26) or compared with
alternative techniques (27-32). Other techniques included high-tem-
perature short-time (HTST) pasteurization, which was evaluated in
four studies, two of which compared it with HoP (33-35), flash heat-
ing (FH), low-temperature pasteurization (VAT), thermo-ultrasoni-
cation (TUS), and retort sterilization (RTR) (27-32).

Among the nonthermal methods, high-pressure processing (HPP)
was the most prominent, evaluated in six studies, always in compari-
son with HoP techniques (27-29, 36, 37). The irradiation method
refers to UV-C treatment, which has been evaluated in a small number
of studies, where changes in selected human milk components have
been reported (36). Freeze-drying was performed in two studies
(30, 38).

Opverall, these studies compared alternative processing strategies
with HoP to assess differences in the microbiological safety and pres-
ervation of milk biocomponents.

3.2 Clinical characteristics of donors

Most studies have analyzed milk obtained from healthy donors
with term pregnancies. However, some studies included specific clini-
cal populations.

Van Keulen et al. (27) conducted a prospective case—control
study comparing milk from mothers who recovered from COVID-
19 with milk from healthy donors. They evaluated viral neutraliza-
tion capacity and IgA levels following HoP and HPP processing.
Both methods showed reductions in total IgA compared to raw
milk, with a greater reduction observed after HoP. The virus neu-
tralization capacity differed significantly between pasteurized
milk (HoP and HPP) and unpasteurized milk. This functional
activity is better preserved after high-pressure processing (HPP)
than after Holder pasteurization (HoP). While HPP-treated milk

10.3389/fnut.2026.1768504

showed a neutralization capacity comparable to that of unpasteur-
ized milk, HoP resulted in a significant reduction in virus neutral-
ization capacity when compared with both HPP and
unpasteurized milk.

Only a limited number of studies have included preterm-related
samples or explicitly reported the gestational age composition.
Alves et al. (25) analyzed 60 milk samples from mothers of preterm
infants and compared them with donor milk from term births.
Higher concentrations of trace elements such as Ba, Cu, Mo, Se, and
Zn were observed in preterm milk regardless of pasteuriza-
tion status.

Meredith-Dennis et al. (31) compared the macronutrient concen-
trations across HoP, VAT, and RTR treatments. The HoP samples con-
sisted of pooled milk, containing 11% preterm milk and 89% term
milk. No significant differences were observed according to gesta-
tional age, whereas differences were identified according to processing
technique.

3.3 Multi-omic characterization of
pasteurized donor human Milk (PDHM)

The overall impact of processing techniques on the major bioac-
tive components identified across omics domains is summarized in
Table 1.

3.3.1 Proteomic analysis

Proteomic evaluation is the most frequently used analytical focus
across studies. Kontopodi et al. (36) conducted two investigations to
compare the pasteurization methods. In one study, HoP was associ-
ated with reduced levels of IgA, lactoferrin, and lysozyme compared
to non-thermal methods such as HPP, TUS, and UV-C. In a subse-
quent study (35), HTST and FH were compared with HoP, showing
preservation of IgA and lysozyme with HTST, whereas lactoferrin
levels decreased across thermal treatments.

TABLE 1 Summary of the impact of thermal and non-thermal processing techniques on key bioactive components of human milk.

Bioactive component HoP HTST

HPP Freeze-drying

Immunological proteins (IgA,

Severe reduction (20%-80%)

Improved preservation vs.

High preservation (>80%) (36)

High preservation (>90%) (38)

profiles (30, 31)

stable (37)

Lactoferrin) (36,43) HoP (33, 35)
Variable, from preservation to
Lysozyme Preservation >90% (35) High preservation (36) High preservation (38)
reduction (36)
Almost total inactivation Partial preservation (~60%) Partial preservation (~62%)
BSSL High preservation (38)
(>66%-99%) (33, 34) (33) (36)
Total concentration stable,
Concentration and profile Concentration and profile
HMOs possible changes in specific Not evaluated

stable (30)

Maillard products / AGEs

Significant increase (37)

Not evaluated

No significant increase (37)

No significant increase (30)

Trace elements (Fe, Zn, Cu)

General stability, no

significant changes (24, 25)

Not evaluated

General stability (28)

Not evaluated

Fatty acids (General profile)

Contradictory findings: from

reduction to stability (26, 31)

General stability (34)

General stability (29)

Not evaluated

HoP, Holder pasteurization; HTST, high-temperature short-time pasteurization; HPP, high-pressure processing; IgA, immunoglobulin A; BSSL, bile salt-stimulated lipase; HMOs, human milk

oligosaccharides; AGEs, advanced glycation end-products; Fe, iron; Zn, zinc; Cu, copper.

The table synthesizes the general findings of the studies included in this review. The percentages are approximate and may vary depending on the specific study conditions. The references

correspond to those cited in the text.
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Nebbia et al. (33) and Baro et al. (34) compared HoP with HTST
and reported similar overall protein degradation patterns, although
higher retention of immunoglobulins and lactoferrin was observed in
HTST. Kim et al. (39) evaluated VAT, UHT, and RTR and reported a
higher preservation of total protein with VAT, with progressively lower
concentrations observed with UHT and RTR. Dennis et al. (31)
reported comparable findings, with RTR associated with the greatest
reductions in immunoglobulins and VAT, showing higher preserva-
tion of protein concentrations.

Recent proteomic evidence has supported these findings. A
dynamic in vitro digestion study using pooled donor milk subjected
to HoP or HPP demonstrated that HPP preserved the structural integ-
rity of key bioactive proteins and improved the release of essential
amino acids during simulated gastrointestinal digestion, whereas HoP
resulted in greater protein denaturation (40).

Protein expression also varies according to the lactation stage.
Won-Ho et al. (38) reported no significant differences between 15 and
60 days postpartum in freeze-dried samples, whereas another study
reported progressive decreases in protein expression up to 6 months
of lactation (22). Variability in amino acid content between milk banks
has also been reported, although pooling reduces the inter-bank vari-

ability (41).

3.3.2 Glycomic analysis: stability of HMOs and the
hidden risk of the Maillard reaction

Carbohydrate analyses have primarily focused on human milk
oligosaccharides (HMOs), using mass spectrometry (30-32, 37).
Overall, the total HMO concentration and composition were not sig-
nificantly affected by HoP or freeze-drying, although they varied
between mothers and throughout lactation.

However, Meredith-Dennis et al. (31) found that, although the
total carbohydrate content was stable, specific HMO profiles (fucosyl-
ated, sialylated, and non-fucosylated neutral) varied significantly
depending on the pasteurization technique (HoP vs. VAT vs. RTR).
For example, the concentration of HMOs in the HoP samples was
almost double that obtained using other techniques. This finding sug-
gests that the thermal impact can selectively affect different HMO
families.

Perhaps the most critical finding in glycomic analysis comes from
a study by Marousez et al. (37) when comparing HoP and HPP, they
observed that both methods preserved HMOs similarly. However,
HoP caused a significant increase in the formation of three Maillard
reaction products (final glycation products). This phenomenon,
resulting from the heat-induced reaction between sugars and proteins,
not only reduces the nutritional value of milk but also generates com-
pounds potentially harmful to the neonate.

Salcedo et al. (32) reported no significant changes in gangliosides
after HoP and UHT, whereas HTST was associated with an increased
total ganglioside concentration during storage.

3.3.3 Lipidomic analysis: a landscape of
contradictory findings

The lipidomic findings were heterogeneous across studies.
Doménech et al. conducted a detailed analysis of 36 fatty acids and
observed that HoP significantly altered the lipid profiles (26). They
reported a decrease in the concentration of saturated fatty acids

(—25%), polyunsaturated fatty acids (PUFAs, —18%), and
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monounsaturated fatty acids (MUFAs, —12%). Although essential
fatty acids such as arachidonic acid (ARA) and docosahexaenoic acid
(DHA) were not affected, linoleic acid did show a decreased.

Marousez et al. (29), Meredith-Dennis et al. (31), and Baro et al.
(34) evaluated techniques such as HoP, HTST, VAT, RTR, and HPP,
and concluded that, in general, fat content, major short-chain fatty
acids, and bile salt-stimulated lipase (BSSL) were adequately pre-
served. Although they did not focus on gangliosides, Marousez et al.
(29) and Baro et al. (34) reported no significant changes in short-chain
fatty acid profiles or BSSL activity with HPP and HTST, respectively,
compared to the almost complete degradation of BSSL associated with
HoP. This discrepancy suggests that while HoP may have a generalized
negative impact, alternative techniques might preserve certain com-
ponents of the lipidome or that the impact varies depending on the
specific type of fatty acid analyzed.

Enzymatic activity is a key aspect of lipidome. BSSL is fundamen-
tal to fat digestion in neonates with immature pancreatic systems.
Nebbia et al. confirmed that HoP destroyed 66% of BSSL, whereas
HTST destroyed only 39% (33). Despite this difference, they found no
differences in triglyceride hydrolysis during in vitro digestion, suggest-
ing the existence of compensatory mechanisms.

3.3.4 Metabolomic analysis: stability of
micronutrients

Metabolomic analyses have been used to evaluate trace elements,
nucleotides, lipids, and broader metabolic pathways. Overall, the find-
ings indicate that pasteurization, whether Holder pasteurization
(HoP) or high-pressure processing (HPP), has a limited impact on the
concentration of most essential trace elements, such as iodine, iron,
molybdenum, selenium, zinc, and copper (24, 25). Although a slight
decrease in iron was observed, it is not considered clinically relevant,
and the major source of variability appears to be the initial iron con-
centration in the donor mother’s milk (24).

Mateos-Vivas et al. (28) reported that HoP increased nucleotide
monophosphate levels, likely due to the heat-induced degradation of
polymeric nucleotides such as RNA, whereas HPP did not produce
significant changes. Importantly, nucleotide concentrations remained
stable after 6 months of frozen storage, regardless of the processing
method used.

Beyond micronutrients, broader metabolomic analyses have
shown that processing techniques can induce global metabolic altera-
tions. Doménech et al. (26) identified reductions in the pathways
related to steroid hormone biosynthesis and unsaturated fatty acid
metabolism after HoP, suggesting a wider metabolic impact. Similarly,
untargeted metabolomic studies have demonstrated that both HoP-
and pressure-based techniques can modify lipid-related pathways and
phospholipid profiles, although the magnitude of the change varies
depending on the processing conditions (42).

4 Discussion

This scoping review integrates the current evidence derived from
multi-omics technologies into the composition of PDHM. The 20 ana-
lyzed studies showed that the impact of processing varied considerably
depending on the technique used and the biomolecular components
evaluated. To facilitate interpretation, this discussion is structured
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around five axes: the dilemma between safety and bioactivity, func-
tional consequences of molecular alterations, risks derived from ther-
mal by-products, stability of beneficial compounds, and potential for
precision neonatal nutrition.

4.1 Microbiological safety vs. bioactive
integrity

The main challenge for human milk banks (HMBs) is ensuring
microbiological safety without compromising the biological value
of milk. Holder pasteurization (HoP) has proven to be effective for
pathogen inactivation (43). However, accumulating multi-omics
evidence has consistently demonstrated a significant loss of key pro-
teins and enzymes (Table 1), compromising the immunological and
functional quality of PDHM. Alternative methods, such as HTST
pasteurization and high-pressure processing (HPP), appear to
better preserve structurally sensitive proteins, including immuno-
globulins and lactoferrin (35, 36). Freeze-drying, as a non-thermal
technique, also preserves bioactive components better, although it
requires a combination of methods, such as irradiation, to ensure
microbiological safety (22, 38). This shift in focus reflects that the
goal of HMBs is no longer just to offer safety but to preserve the
biological functionality of milk (44).

The differences observed between the thermal processing tech-
niques are likely explained by variations in the overall thermal load
(temperature-time combinations) and heat transfer dynamics.
High-temperature short-time (HTST) treatments, characterized by
brief exposure to elevated temperatures, appear to better preserve
structurally sensitive proteins, such as immunoglobulins and lacto-
ferrin, by limiting protein unfolding and aggregation. In contrast,
low-temperature longer-time approaches, such as VAT, may main-
tain the total protein concentration but can still modify functional
properties. More intensive techniques, such as retort sterilization,
which combines high temperature and pressure, are associated with
greater protein denaturation and loss of specific bioactive compo-
nents. These findings suggest that both processing intensity and
protein structural susceptibility are key determinants of proteomic
alterations in pasteurized donor human milk.

4.2 Functional consequences of
immunological protein loss

The reduction of IgA and lactoferrin represents not only quan-
titative variation but also a loss of immunological function. IgA
protects mucous membranes against enteric and respiratory patho-
gens, whereas lactoferrin has antimicrobial, anti-inflammatory, and
immunomodulatory effects. Its degradation, which is widely docu-
mented in milk treated with HoP (45), could explain why PDHM
does not offer the same anti-infective protection as raw milk (46,
47). Freeze-drying, by not significantly altering proteins, allows for
preservation of bactericidal activity (38). Salcedo et al. demon-
strated that this technique preserves gangliosides, which are associ-
ated with antimicrobial activity. Furthermore, the preservation of
enzymes, such as BSSL and lipids, facilitates the production of free
fatty acids with antimicrobial properties (22). Together, these mech-
anisms may contribute to the reduction in infections, sepsis, and
necrotizing enterocolitis in hospitalized neonates.

Beyond the loss of specific immunological proteins, an addi-
tional and largely unexplored dimension relates to how milk
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processing affects downstream digestive functionality. While pro-
teomic studies included in this scoping review provide valuable
information on the preservation or loss of specific bioactive pro-
teins and enzymes after milk processing, none of the available
multi-omics studies have directly assessed protein digestibility or
residual proteolytic activity in pasteurized donor human milk.
Current evidence is largely limited to compositional or functional
evaluations prior to digestion, such as immunological activity or
enzymatic function (e.g., BSSL activity), without addressing how
processing-induced structural changes may influence protein
hydrolysis, peptide release, or gastrointestinal digestion in infants.
Consequently, the impact of milk processing on protein digestibility
remains an important and underexplored knowledge gap, highlight-
ing the need for future studies that integrate proteomics with in
vitro digestion models or functional simulations.

4.3 Maillard reaction products and AGEs

In addition to bioactive loss, the formation of potentially harm-
ful compounds via thermal treatment is a critical consideration.
Marousez et al. (37) demonstrated that HoP promotes the forma-
tion of Maillard reaction products, in contrast to HPP. This reaction
reduces protein digestibility, destroys essential amino acids, and
generates allergenic compounds. Advanced glycation end products
(AGEs) derived from this reaction are associated with oxidative
stress, inflammation, and tissue damage. Neonatal exposure to
exogenous AGEs, particularly in premature infants with immature
antioxidant systems, is a substantial theoretical concern (13).

Maillard reaction products such as furosine, furfurals, and
advanced glycation end products (AGEs) are not only markers of
thermal damage, but have also been associated with reduced nutri-
tional quality and activation of oxidative and inflammatory path-
ways linked to chronic diseases (48). Both endogenous and dietary
AGE:s contribute to the total AGE pool in the body, and elevated
levels have been associated with pathological conditions largely
mediated by inflammatory mechanisms (49).

In addition to their biochemical formation, specific Maillard-
derived compounds identified in pasteurized donor human milk,
including AGEs such as carboxymethyl-lysine, have been linked to
oxidative stress and immune modulation. In neonates, particularly
preterm infants with immature antioxidant and detoxification sys-
tems, exposure to exogenous AGEs could theoretically contribute
to intestinal inflammation, endothelial dysfunction, and altered
immune responses. Although direct clinical evidence remains lim-
ited, these molecular findings underscore the need for further
investigation of the biological implications of thermal processing.

4.4 Preservation of neuroprotective and
prebiotic compounds

Some bioactive components such as HMOs are highly resistant to
processing. Their preservation after HoP is relevant because they func-
tion as prebiotics, immune modulators, and neuroprotective factors,
and contribute to NEC prevention (50-52). Nevertheless, structural
alterations in specific HMO profiles after processing have been
reported (31), which may have functional implications given the
structure-specific biological activities of these molecules (51).

Gangliosides and sphingolipids, which are essential for neuronal
membrane integrity, synaptogenesis, and myelination, are preserved
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in most processing techniques. Evidence from experimental and clini-
cal studies suggests that adequate early life exposure to these lipids
supports cognitive development and visual function (53, 54).
Therefore, their preservation in processed milk may have direct trans-
lational relevance, particularly in preterm infants at risk of neurode-
velopmental impairment. However, whether the quantitative or
structural changes induced by processing translate into measurable
clinical outcomes remains to be established.

4.5 Variability of PDHM and personalized
nutrition

PDHM composition exhibits substantial variability driven by both
processing techniques and maternal factors, including lactation stage,
gestational age, diet, genetics, and ethnicity (16, 19). Pooling donor
milk is commonly used to standardize the composition and dilute
potential contaminants; however, this practice may also attenuate bio-
logically meaningful individual differences (41). In this context, multi-
omics technologies offer an opportunity to move toward precision
nutrition by enabling the identification of specific compositional pro-
files and facilitating the targeted allocation of donor milk according to
clinical needs. For example, batches enriched in immunological pro-
teins could be prioritized for infants at high risk of infection, whereas
distinct lipidomic profiles may better support neurodevelopment.
Such an approach could reposition PDHM as a personalized thera-
peutic resource, rather than as a uniform nutritional substitute.

Importantly, current multi-omics evidence on pasteurized donor
human milk does not allow stratification according to donor char-
acteristics, such as maternal age or comorbidities, including meta-
bolic conditions, such as diabetes or hypertension. Although these
determinants have been widely investigated in unprocessed human
milk, they remain largely unexplored in the context of processed
donor milk. This gap is particularly relevant in settings in which
maternal metabolic disorders are prevalent and may influence milk
composition. Therefore, future multi-omics studies integrating
donor clinical profiles with processing variables are needed to sup-
port more precise and context-specific nutritional strategies for vul-
nerable infants.

This scoping review has several limitations, including the rela-
tively small number of available studies, methodological heterogeneity
across analytical platforms, and limited representation of milk from
mothers of preterm infants. Future research should prioritize stan-
dardized comparative designs, the inclusion of clinically vulnerable
populations, and the development of rapid, robust, and scalable ana-
Iytical approaches that can be feasibly implemented in milk bank
settings.

5 Conclusion

The multi-omics characterization of pasteurized donor human
milk indicated that processing exerts heterogeneous effects on its
nutritional and bioactive components, largely depending on the tech-
nique applied and the molecular domain evaluated. The most consis-
tent alterations were observed in the proteome, where conventional
Holder pasteurization was associated with a reduction in key immu-
nological proteins. In contrast, human milk oligosaccharides and trace
elements demonstrate relative stability across processing methods.
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However, emerging evidence on the formation of Maillard
reaction products during thermal processing introduces impor-
tant considerations regarding the biological implications of donor-
milk treatment. High-resolution multi-omics approaches provide
critical insights into these compositional changes and represent an
essential tool for guiding the optimization of processing strategies
and future development of precision nutrition approaches aimed
at improving outcomes in vulnerable neonatal populations.

Author contributions

SA-P: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Supervision, Validation, Visualization, Writing — original
draft, Writing - review & editing. JD-B: Data curation, Formal analy-
sis, Investigation, Methodology, Validation, Visualization, Writing -
original draft, Writing - review & editing. CK: Data curation, Formal
analysis, Investigation, Methodology, Validation, Visualization,
Writing - original draft, Writing - review & editing. SY-G: Data cura-
tion, Formal analysis, Investigation, Methodology, Validation,
Visualization, Writing — original draft, Writing - review & editing.
LM: Data curation, Formal analysis, Investigation, Methodology,
Validation, Visualization, Writing — original draft, Writing — review &
editing. DO: Data curation, Formal analysis, Investigation,
Methodology, Validation, Visualization, Writing — original draft,
Writing - review & editing.

Funding

The author(s) declared that financial support was received for this
work and/or its publication. This research was funded by Universidad
de La Sabana (Grant no. MEDESP-46-2025). The study is part of the
institutional research initiative “Construccion de seguridad y sober-
anfa alimentaria en lactantes de alto riesgo con leche humana donada”
(“Building Food Security and Food Sovereignty in High-Risk Infants
through Donor Human Milk”). The article processing charge (APC)
was also supported by Universidad de La Sabana.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,

frontiersin.org


https://doi.org/10.3389/fnut.2026.1768504
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Agudelo-Pérez et al.

including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product

References

1. Tully MR. A year of remarkable growth for donor milk banking in North America.
Hum Lact. (2000) 16:235-6. doi: 10.1177/089033440001600311

2. World Health Organization. Guidelines on Optimal Feeding of Low Birth-Weight Infants
in Low- and Middle-Income Countries. Geneva: World Health Organization (2011).

3. McCune S, Perrin MT. Donor human milk use in populations other than the preterm
infant: a systematic scoping review. Breastfeed Med. (2021) 16:8-20. doi: 10.1089/
BFM.2020.0286

4. Altobelli E, Angeletti PM, Verrotti A, Petrocelli R. The impact of human milk on nec-
rotizing enterocolitis: a systematic review and meta-analysis. Nutrients. (2020) 12:1322.
doi: 10.3390/NU12051322

5. Quigley M, Embleton ND, McGuire W. Formula versus donor breast milk for feeding
preterm or low birth weight infants. Cochrane Database Syst Rev. (2019) 7:CD002971. doi:
10.1002/14651858.CD002971.PUB5

6. Bramer S, Boyle R, Weaver G, Shenker N. Use of donor human milk in nonhospitalized
infants: an infant growth study. Matern Child Nutr. (2021) 17:e13128. doi: 10.1111/
MCN.13128

7. Rede BLH. rBLH Brasil. (n.d.). Available online at: https://rblh.fiocruz.br/pagina-ini-
cial-rede-blh (Accessed January 9, 2024)

8. Human Milk Banking Association of North America (HMBANA). Human Milk
Banking Association of North America. (nd.d.). Available online at: https://www.hmbana.
org/ (Accessed January 9, 2024)

9. European Milk Bank Association (EMBA). European Milk Bank Association. (n.d.).
Available online at: https://europeanmilkbanking.com/ (Accessed January 9, 2024)

10. Banco Leche Humana Y El Lactario Hospitalario E DE, Jairo Bejarano Roncancio J.
Lineamientos Técnicos para la Estrategia de Bancos de Leche Humana en Colombia.
(2019) Available online at: https://www.hosdenar.gov.co/blh-hudn/wp-content/
uploads/2021/10/lineamientos-tecnicos-estrategia-bancos-leche-humana-colombia.pdf
(Accessed April 11, 2023)

11. Zanganeh M, Jordan M, Mistry H. A systematic review of economic evaluations for
donor human milk versus standard feeding in infants. Matern Child Nutr. (2021)
17:€13151. doi: 10.1111/MCN.13151

12. Haiden N, Ziegler EE. Human milk banking. Ann Nutr Metab. (2016) 69:8-15. doi:
10.1159/000452821

13. Peila C, Moro GE, Bertino E, Cavallarin L, Giribaldi M, Giuliani E, et al. The effect of
holder pasteurization on nutrients and biologically-active components in donor human
milk: a review. Nutrients. (2016) 8:477. doi: 10.3390/NU8080477

14. Gutierrez Dos Santos B, Perrin MT. What is known about human milk bank donors
around the world: a systematic scoping review. Public Health Nutr. (2022) 25:312-22. doi:
10.1017/S1368980021003979

15. Dastmalchi E, Xu K, Jones HN, Lemas DJ. Assessment of human milk in the era of
precision health. Curr Opin Clin Nutr Metab Care. (2022) 25:292-7. doi: 10.1097/
MCO.0000000000000860

16. Garwolinska D, Namiesnik J, Kot-Wasik A, Hewelt-Belka W. Chemistry of human
breast milk-a comprehensive review of the composition and role of milk metabolites in
child development. J Agric Food Chem. (2018) 66:11881-96. doi: 10.1021/ACS.
JAFC.8B04031

17. Bardanzellu E, Peila C, Fanos V, Coscia A. Clinical insights gained through metabo-
lomic analysis of human breast milk. Expert Rev Proteomics. (2019) 16:909-32. doi:
10.1080/14789450.2019.1703679

18. Hackam DJ, Sodhi CP, Good M. New insights into necrotizing enterocolitis: from
laboratory observation to personalized prevention and treatment. ] Pediatr Surg. (2019)
54:398-404. doi: 10.1016/].JPEDSURG.2018.06.012

19. Verhasselt V. Breastfeeding, a personalized medicine with influence on short- and
long-term immune health. Nestle Nutr Inst Workshop Ser. (2020) 94:48-58. doi:
10.1159/000505578

Frontiers in Nutrition

10.3389/fnut.2026.1768504

that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2026.1768504/
full#supplementary-material

20. Morton SU, Leyshon BJ, Tamilia E, Vyas R, Sisitsky M, Ladha I, et al. A role for data
science in precision nutrition and early brain development. Front Psych. (2022) 13:892259.
doi: 10.3389/FPSYT.2022.892259

21. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BM]J.
(2021) 372:n71. doi: 10.1136/BMJ.N71

22. Hahn W-H, Song J-H, Seo J-B, Lee JE, Lee J-S, Song S, et al. Comparisons of pro-
teomic profiles of whey protein between donor human milk collected earlier than 3
months and 6 months after delivery. Asia Pac J Clin Nutr. (2018) 27:204-10. doi: 10.6133/
apjcn.032017.16

23. Adhisivam B, Vishnu Bhat B, Rao K, Kingsley SM, Plakkal N, Palanivel C. Effect of
holder pasteurization on macronutrients and immunoglobulin profile of pooled donor
human milk. ] Matern Fetal Neonatal Med. (2019) 32:3016-9. doi:
10.1080/14767058.2018.1455089

24. Mohd-Taufek N, Cartwright D, Davies M, Hewavitharana AK, Koorts P, McConachy
H, et al. The effect of pasteurization on trace elements in donor breast milk. ] Perinatol.
(2016) 36:897-900. doi: 10.1038/jp.2016.88

25. Alves Peixoto RR, Bianchi Codo CR, Lacerda Sanches V, Guiraldelo TC, Ferreira da
Silva F, Ribessi RL, et al. Trace mineral composition of human breast milk from Brazilian
mothers. ] Trace Elem Med Biol. (2019) 54:199-205. doi: 10.1016/j.jtemb.2019.05.002

26. Ten-Doménech I, Ramos-Garcia V, Moreno-Torres M, Parra-Llorca A, Gormaz
M, Vento M, et al. The effect of holder pasteurization on the lipid and metabolite
composition of human milk. Food Chem. (2022) 384:132581. doi: 10.1016/j.
foodchem.2022.132581

27. van Keulen BJ, Romijn M, Bondt A, Dingess KA, Kontopodi E, van der Straten K,
et al. Human milk from previously COVID-19-infected mothers: the effect of pasteuriza-
tion on specific antibodies and neutralization capacity. Nutrients. (2021) 13:1645. doi:
10.3390/NU13051645

28. Mateos-Vivas M, Rodriguez-Gonzalo E, Dominguez-Alvarez ], Garcia-Gémez D,
Ramirez-Bernabé R, Carabias-Martinez R. Analysis of free nucleotide monophosphates
in human milk and effect of pasteurisation or high-pressure processing on their contents
by capillary electrophoresis coupled to mass spectrometry. Food Chem. (2015)
174:348-55. doi: 10.1016/j.foodchem.2014.11.051

29. Marousez L, Ichou F, Lesnik P, Tran LC, De Lamballerie M, Gottrand F, et al. Short-
chain fatty acids levels in human milk are not affected by holder pasteurization and high
hydrostatic pressure processing. Front Pediatr. (2023) 11:1120008. doi: 10.3389/
fped.2023.1120008

30. Hahn W, Kim J, Song S, Park S, Kang NM. The human milk oligosaccharides are not
affected by pasteurization and freeze-drying. ] Matern Fetal Neonatal Med. (2019)
32:985-91. doi: 10.1080/14767058.2017.1397122

31. Meredith-Dennis L, Xu G, Goonatilleke E, Lebrilla CB, Underwood MA, Smilowitz
JT. Composition and variation of macronutrients, immune proteins, and human Milk
oligosaccharides in human Milk from nonprofit and commercial Milk banks. ] Hum Lact.
(2018) 34:120-9. doi: 10.1177/0890334417710635

32. Salcedo J, Karav S, Le Parc A, Cohen JL, de Moura Bell JMLN, Sun A, et al. Application
of industrial treatments to donor human milk: influence of pasteurization treatments,
storage temperature, and time on human milk gangliosides. NPJ Sci Food. (2018) 2:5. doi:
10.1038/s41538-018-0013-9

33. Nebbia S, Giribaldi M, Cavallarin L, Bertino E, Coscia A, Briard-Bion V, et al.
Differential impact of holder and high temperature short time pasteurization on the
dynamic in vitro digestion of human milk in a preterm newborn model. Food Chem.
(2020) 328:127126. doi: 10.1016/j.foodchem.2020.127126

34. Cavallarin L. Effect of two pasteurization methods on the protein content of human
milk. Front Biosci. (2011) 3:818-29. doi: 10.2741/e289

35. Kontopodi E, Boeren S, Stahl B, van Goudoever JB, van Elburg RM, Hettinga K.
High-temperature short-time preserves human milK’s bioactive proteins and their func-
tion better than pasteurization techniques with long processing times. Front Pediatr.
(2022) 9:798609. doi: 10.3389/fped.2021.798609

frontiersin.org


https://doi.org/10.3389/fnut.2026.1768504
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2026.1768504/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2026.1768504/full#supplementary-material
https://doi.org/10.1177/089033440001600311
https://doi.org/10.1089/BFM.2020.0286
https://doi.org/10.1089/BFM.2020.0286
https://doi.org/10.3390/NU12051322
https://doi.org/10.1002/14651858.CD002971.PUB5
https://doi.org/10.1111/MCN.13128
https://doi.org/10.1111/MCN.13128
https://rblh.fiocruz.br/pagina-inicial-rede-blh
https://rblh.fiocruz.br/pagina-inicial-rede-blh
https://www.hmbana.org/
https://www.hmbana.org/
https://europeanmilkbanking.com/
https://www.hosdenar.gov.co/blh-hudn/wp-content/uploads/2021/10/lineamientos-tecnicos-estrategia-bancos-leche-humana-colombia.pdf
https://www.hosdenar.gov.co/blh-hudn/wp-content/uploads/2021/10/lineamientos-tecnicos-estrategia-bancos-leche-humana-colombia.pdf
https://doi.org/10.1111/MCN.13151
https://doi.org/10.1159/000452821
https://doi.org/10.3390/NU8080477
https://doi.org/10.1017/S1368980021003979
https://doi.org/10.1097/MCO.0000000000000860
https://doi.org/10.1097/MCO.0000000000000860
https://doi.org/10.1021/ACS.JAFC.8B04031
https://doi.org/10.1021/ACS.JAFC.8B04031
https://doi.org/10.1080/14789450.2019.1703679
https://doi.org/10.1016/J.JPEDSURG.2018.06.012
https://doi.org/10.1159/000505578
https://doi.org/10.3389/FPSYT.2022.892259
https://doi.org/10.1136/BMJ.N71
https://doi.org/10.6133/apjcn.032017.16
https://doi.org/10.6133/apjcn.032017.16
https://doi.org/10.1080/14767058.2018.1455089
https://doi.org/10.1038/jp.2016.88
https://doi.org/10.1016/j.jtemb.2019.05.002
https://doi.org/10.1016/j.foodchem.2022.132581
https://doi.org/10.1016/j.foodchem.2022.132581
https://doi.org/10.3390/NU13051645
https://doi.org/10.1016/j.foodchem.2014.11.051
https://doi.org/10.3389/fped.2023.1120008
https://doi.org/10.3389/fped.2023.1120008
https://doi.org/10.1080/14767058.2017.1397122
https://doi.org/10.1177/0890334417710635
https://doi.org/10.1038/s41538-018-0013-9
https://doi.org/10.1016/j.foodchem.2020.127126
https://doi.org/10.2741/e289
https://doi.org/10.3389/fped.2021.798609

Agudelo-Pérez et al.

36. Kontopodi E, Stahl B, van Goudoever JB, Boeren S, Timmermans RAH, den Besten
HMW, et al. Effects of high-pressure processing, UV-C irradiation and thermoultrasoni-
cation on donor human milk safety and quality. Front Pediatr. (2022) 10:828448. doi:
10.3389/fped.2022.828448

37. Marousez L, Sprenger N, De Lamballerie M, Jaramillo-Ortiz S, Tran L, Micours E,
et al. High hydrostatic pressure processing of human milk preserves milk oligosaccharides
and avoids formation of Maillard reaction products. Clin Nutr. (2022) 41:1-8. doi:
10.1016/j.cInu.2021.11.013

38. Hahn W-H, Bae SP, Song S, Park S, Lee J, Seo J-B, et al. The freeze-drying does not
influence the proteomic profiles of human milk. ] Matern Fetal Neonatal Med. (2020)
33:2069-74. doi: 10.1080/14767058.2018.1538349

39. Kim BJ, Koh J, Liang N, Yang J, Ozturk G, Barile D, et al. Effect of vat pasteurization,
ultra-high temperature sterilization, retort sterilization and homogenization on soluble
proteins in donor human milk detected via proteomics. LWT. (2023) 182:114842. doi:
10.1016/j.lwt.2023.114842

40. Pitino MA, O’Connor DL, Unger S, Kim BJ, Doyen A, Wazed MA, et al. Comparative
proteomic analysis of donor human milk treated by high-pressure processing or holder
pasteurization on undigested proteins across dynamic simulated preterm infant digestion.
Food Chem. (2025) 462:140973. doi: 10.1016/j.foodchem.2024.140973

41. Valentine C, Morrow G, Reisinger A, Dingess K, Morrow A, Rogers L. Lactational
stage of pasteurized human donor milk contributes to nutrient limitations for infants.
Nutrients. (2017) 9:302. doi: 10.3390/nu9030302

42. Tran LC, Marousez L, De Lamballerie M, McCulloch S, Hermann E, Gottrand E, et al.
The metabolome of human milk is altered differentially by holder pasteurization and high
hydrostatic pressure processing. Front Nutr. (2023) 10:1107054. doi: 10.3389/
fnut.2023.1107054

43. O'Connor DL, Ewaschuk JB, Unger S. Human milk pasteurization. Curr Opin Clin
Nutr Metab Care. (2015) 18:269-75. doi: 10.1097/MC0.0000000000000160

44. Wesolowska A, Sinkiewicz-Darol E, Barbarska O, Bernatowicz-Lojko U,
Borszewska-Kornacka MK, van Goudoever JB. Innovative techniques of processing

Frontiers in Nutrition

09

10.3389/fnut.2026.1768504

human milk to preserve key components. Nutrients. (2019) 11:1169. doi: 10.3390/
null051169

45. Guerra AF, Mellinger-Silva C, Rosenthal A, Luchese RH. Hot topic: holder pasteuriza-
tion of human milk affects some bioactive proteins. J Dairy Sci. (2018) 101:2814-8. doi:
10.3168/jds.2017-13789

46. Corpeleijn WE, de Waard M, Christmann V, van Goudoever JB, van der Jansen-Weide
MC, Kooi EMW, et al. Effect of donor milk on severe infections and mortality in very low-
birth-weight infants. JAMA Pediatr. (2016) 170:654. doi: 10.1001/jamapediatrics.2016.0183

47. Hosseini M, Farshbaf-Khalili A, Seyyedzavvar A, Fuladi N, Hosseini N, Talashi S.
Short-term outcomes of launching mother’s milk bank in neonatal intensive care unit: a
retrospective study. Arch Iran Med. (2021) 24:397-404. doi: 10.34172/aim.2021.57

48. Delgado-Andrade C. Maillard reaction products: some considerations on their health
effects. Clin Chem Lab Med. (2014) 52:53-60. doi: 10.1515/cclm-2012-0823

49. Demirer B, Fisunoglu M. Evaluation of the effects of dietary advanced glycation end
products on inflammation. Nutr Bull. (2024) 49:6-18. doi: 10.1111/nbu.12653

50. Dinleyici M, Barbieur J, Dinleyici EC, Vandenplas Y. Functional effects of human milk
oligosaccharides ~ (HMOs).  Gut  Microbes. ~ (2023) 15:2186115.  doi:
10.1080/19490976.2023.2186115

51. Andreas NJ, Kampmann B, Mehring Le-Doare K. Human breast milk: a review on its
composition and bioactivity. Early Hum Dev. (2015) 91:629-35. doi: 10.1016/j.
earlhumdev.2015.08.013

52. Li Y, Chi G, Li C, Song J, Song Z, Wang W, et al. Efficacy of donated Milk in early
nutrition of preterm infants: a meta-analysis. Nutrients. (2022) 14:1724. doi: 10.3390/
nul4091724

53. Palmano K, Rowan A, Guillermo R, Guan J, McJarrow P. The role of gangliosides in
neurodevelopment. Nutrients. (2015) 7:3891-913. doi: 10.3390/nu7053891

54. Zheng L, Fleith M, Giuffrida F, O’Neill BV, Schneider N. Dietary polar lipids and
cognitive development: a narrative review. Adv Nutr. (2019) 10:1163-76. doi: 10.1093/
advances/nmz051

frontiersin.org


https://doi.org/10.3389/fnut.2026.1768504
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3389/fped.2022.828448
https://doi.org/10.1016/j.clnu.2021.11.013
https://doi.org/10.1080/14767058.2018.1538349
https://doi.org/10.1016/j.lwt.2023.114842
https://doi.org/10.1016/j.foodchem.2024.140973
https://doi.org/10.3390/nu9030302
https://doi.org/10.3389/fnut.2023.1107054
https://doi.org/10.3389/fnut.2023.1107054
https://doi.org/10.1097/MCO.0000000000000160
https://doi.org/10.3390/nu11051169
https://doi.org/10.3390/nu11051169
https://doi.org/10.3168/jds.2017-13789
https://doi.org/10.1001/jamapediatrics.2016.0183
https://doi.org/10.34172/aim.2021.57
https://doi.org/10.1515/cclm-2012-0823
https://doi.org/10.1111/nbu.12653
https://doi.org/10.1080/19490976.2023.2186115
https://doi.org/10.1016/j.earlhumdev.2015.08.013
https://doi.org/10.1016/j.earlhumdev.2015.08.013
https://doi.org/10.3390/nu14091724
https://doi.org/10.3390/nu14091724
https://doi.org/10.3390/nu7053891
https://doi.org/10.1093/advances/nmz051
https://doi.org/10.1093/advances/nmz051

	Impact of processing techniques on donor human milk: a multi-omics and bioinformatics scoping review
	1 Introduction
	2 Materials and methods
	2.1 Literature search strategy
	2.2 Study eligibility criteria
	2.3 Study screening and inclusion
	2.4 Data extraction and synthesis

	3 Results
	3.1 Human Milk treatment: pasteurization/ sterilization techniques
	3.2 Clinical characteristics of donors
	3.3 Multi-omic characterization of pasteurized donor human Milk (PDHM)
	3.3.1 Proteomic analysis
	3.3.2 Glycomic analysis: stability of HMOs and the hidden risk of the Maillard reaction
	3.3.3 Lipidomic analysis: a landscape of contradictory findings
	3.3.4 Metabolomic analysis: stability of micronutrients

	4 Discussion
	4.1 Microbiological safety vs. bioactive integrity
	4.2 Functional consequences of immunological protein loss
	4.3 Maillard reaction products and AGEs
	4.4 Preservation of neuroprotective and prebiotic compounds
	4.5 Variability of PDHM and personalized nutrition

	5 Conclusion

	References

