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Abstract

Human milk (HM) represents the gold standard for infant’s nutrition,
including preterm and very low birth weight (VLBW) infants, owing to
its well-documented benefits in reducing neonatal morbidity and support-
ing long-term neurodevelopmental and metabolic outcomes. However, HM
alone does not meet the nutritional requirements of VLBW infants as defined
by current European Society for Paediatric Gastroenterology, Hepatology
and Nutrition guidelines, making fortification with protein, energy, and
micronutrients a widely adopted strategy in Neonatal Intensive Care Units.

This article reviews the quantitative and qualitative aspects of HM for-
tification, with a focus on fortifiers currently available in Italy.

From a quantitative standpoint, multicomponent fortifiers provide
additional protein and carbohydrates within recommended osmolality
limits, though evidence on optimal protein intake thresholds and forti-
fication strategies remains inconclusive. Lipid supplementation, partic-
ularly with docosahexaenoic acid and arachidonic acid, is recommended
to increase the caloric intake, to address long-chain polyunsaturated fatty
acid deficiency and to support neurodevelopment.

Regarding qualitative aspects, bovine milk-derived fortifiers remain
the standard of care despite the fact that exposure to bovine milk-derived
products is not optimal with respect to tolerance and the reduction of the
risk of necrotizing enterocolitis. HM-derived fortifiers, despite their the-
oretical advantages, have not demonstrated clear superiority over bovine
milk-derived products in terms of morbidity or growth outcomes, and raise
significant ethical and economic concerns. Donkey milk-derived fortifiers
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represent an emerging and promising alternative,
given their compositional similarity to HM, hypo-
allergenic properties, and preliminary clinical evi-
dence showing improved feeding tolerance with
comparable auxological and neurodevelopmental
outcomes in VLBW infants.

Future perspectives point toward the industrial
development of donkey milk-based fortifiers as a
clinically feasible and ethically sustainable alterna-
tive to current bovine milk-derived formulations.
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Introduction

Human milk (HM) represents the gold stan-
dard for the nutrition of all neonates. The
American Academy of Pediatrics (AAP) and the
European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) recommend
its use also in preterm and very low birth weight
(VLBW) infants, prioritizing mother’s own milk
given its advantages over formula feeding in terms
of reduced incidence of necrotizing enterocolitis
(NEC), sepsis, bronchopulmonary dysplasia, and
retinopathy of prematurity, as well as long-term
neurodevelopmental, metabolic, immunological,
psychological, social, and economic benefits [1, 2].

When mother’s own milk is unavailable or insuf-
ficient, donor HM (DHM) obtained from a recog-
nized HM bank [1] is the recommended alternative,
owing to its well-documented benefits, including a
reduced risk of NEC [3], improved enteral tolerance
[4], higher rates of breastfeeding at discharge [5],
and a possible protective effect against bronchopul-
monary dysplasia [6].
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However, HM alone is not sufficient to meet
the nutritional requirements of preterm infants, as
defined by the ESPGHAN 2022 guidelines [2].
In this context, fortification of HM with protein,
energy, and micronutrients represents an effective
strategy to achieve the nutritional and auxological
targets of VLBW infants and is now widely adopted
in Neonatal Intensive Care Units (NICUs) [1-30].

Quantitative aspects: which formulations?

The recommended protein intake for a clinically
stable infant with a birth weight < 1,800 g is 3.5-4
g/kg/day, and in selected cases an increase up to 4.5
g/kg/day may be considered [2].

The protein content of HM varies with time
since delivery and gestational age at birth; in milk
from mothers of preterm infants, it averages 1-1.9
g/100 mL [7].

Therefore, even when fed according to rec-
ommended milk volumes (150-180 mL/kg/day),
preterm infants do not meet their protein require-
ments with HM alone (these volumes provide
approximately 1.8-2.2 g/kg/day of proteins) [7].

Multicomponent HM fortifiers currently avail-
able in Italy provide additional proteins, ranging
from 1.3 to 1.4 g per 100 mL of HM when used
at standard concentrations (4%) [8, 9]. A 2020
Cochrane review showed that the use of high-pro-
tein fortifiers (> 1.4 g/100 mL HM) is associated
with faster in-hospital growth compared with mod-
erate-protein (1-1.4 g/100 mL HM) or low-protein
(<1 g/100 mL HM) fortifiers [10]. However, the
overall level of evidence is low to moderate, and
it remains debated whether a “ceiling effect” exists
beyond a certain level of protein intake [11], which
in any case should be considered in relation to
energy intake (a protein-to-energy ratio between 3
and 3.6 g/100 kcal is considered appropriate) [12].

Given the wide temporal, intra-individual, and
inter-individual variability in HM protein content, a
standardized fortification approach is often subopti-
mal in providing adequate nutrient intake. For this
reason, different fortification strategies (targeted or
adjustable) are currently used [8-13], although they
are beyond the scope of this article.

Carbohydrates provide approximately 45-50%
of the non-protein energy in HM, with an adequate
intake estimated at 11-15 g/kg/day in infants with a
birth weight < 1,800 g [2].

Multicomponent HM fortifiers currently avail-
able in Italy contain a variable proportion of car-
bohydrates, ranging from 32% to 37%. In terms
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of safety, even fortifiers with higher carbohydrate
content do not exceed the osmolality limit recom-
mended by the AAP (< 450 mOsm/kg) within the
first 24 hours after reconstitution with fresh HM at
standard concentration (4%), although manufactur-
ers recommend their use within a short time frame
(maximum 4 hours) [14].

Oligosaccharides, which play an important role
in immunity and microbiota modulation, are not
included in fortifiers but are naturally present in HM
and are preserved despite freezing or pasteurization
[15].

Regarding lipids, mature HM is generally able to
meet the nutritional requirements of preterm infants
(4.8-8.1 g/kg/day in infants with a birth weight <
1,800 g) when administered at recommended vol-
umes (150-180 mL/kg/day of HM provide approxi-
mately 5.3-6.3 g/kg/day of lipids) [2, 7].

Since preterm infants are at risk of long-chain
polyunsaturated fatty acid (LC-PUFA) deficiency,
supplementation with docosahexaenoic acid (DHA)
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and arachidonic acid (ARA) is recommended to
improve growth quality and neurodevelopment,
with an ARA/DHA ratio of 0.5-2 [2].

A recent randomized controlled trial evalu-
ated a multicomponent fortifier characterized by
higher protein content (1.3 vs 1.1 g/100 mL HM)
and increased lipid content (DHA and ARA) at
the expense of carbohydrates, showing compara-
ble growth and similar feeding tolerance, with the
advantage of reduced osmolality and improved lipid
quality intake [16].

The macronutrient composition of individual
fortifiers is summarized in Tab. 1.

All fortifiers currently marketed in Italy are in
powder form.

Following reports of possible contamination
with Enterobacter sakazakii, some fortifiers (not
available in Italy) have been developed in liquid
form; the main drawback of these formulations is
that they partially replace HM, thereby reducing its
proportion in the infant’s diet [8].

Table 1. Macronutrient intakes provided by different types of multicomponent fortifiers (MCF) and protein concentrates

(PC) per 100 mL of fortified preterm human milk (HM).

Macronutrient intakes per 100 mL of HM
Energy (kcal) | Proteins (g) | Carbohydrates (g) | Lipids (g)
Preterm HM? 67.0 1.6 7.3 3.5
Macronutrient intakes after addition of MCF/PC to obtain a
total amount of 100 mL of fortified HM
Energy (kcal) | Proteins (g) | Carbohydrates (g) | Lipids (g)
Preterm HM
+ MCF Aptamil BMF 84.2 2.9 8.8 4.2
H = A9,
Preterm HM (concentration [g per 100 mL of HM]: 4%)
+ bovine Preterm HM
milk-based +.MCF PreNan FM85 84.4 3.0 8.6 4.2
MCE/PC (concentration [g per 100 mL of HM]: 4%)
Preterm HM
+ PC Aptamil PS 71.1 2.6 7.3 35
(concentration [g per 100 mL of HM]: 1.2%)
Preterm HM
Preterm HM + MCF Fortilat DMC 82.6 25 9.7 3.6
+ donkey (concentration [g per 100 mL of HM]: 4%)
milk-based Preterm HM
MCF/PC® + PC Fortilat 72.0 2.1 7.7 3.6
(concentration [g per 100 mL of HM]: 1.2%)
Preterm HM
+ MCF Prolact+4 H*MF 83 25 7.7 4.7
B Ll (concentration [mL per 80 mL of HM]: 25%)°
+ HM-based
MCF Preterm HM
+ MCF NeoKare MMF 84.2 2.7 8.9 4.2
(concentration [g per 100 mL of HM]: 4%)¢

HM: human milk; MCF: multicomponent fortifiers; PC: protein concentrates.

Concentrations: the concentrations of bovine milk-derived MCF and PC correspond to the maximum levels generally recommended [9]; the
concentrations of donkey milk-derived MCF and PC correspond to the maximum levels recommended according to available evidence [24-27];
the concentrations of HM-derived MCF refer to the manufacturers’ recommended formulations: 25% for the 20 mL Prolact+4 H*MF formulation
(according to the manufacturer’s instructions, each bottle of Prolact+4 H2MF [20 mL] should be mixed with 80 mL of HM [1:4 ratio]; for consistency
with the other fortifiers, in this table values were proportionally calculated for 100 mL of fortified HM [corresponding to 20 mL of fortifier]) [29] and
4% for the 1 g NeoKare MMF formulation (according to the manufacturer’s instructions, 1 g should be mixed with 25 mL of HM) [30]. In light of the
patient’s clinical condition and the defined fluid intake allowance, the concentration of HM fortification may be titrated to meet the nutritional targets
set by ESPGHAN recommendations [2]. References: 2 see reference [28]; °MCF and PC based on donkey milk patented in Italy, not commercially
available [24-27];  see reference [29]; ¢ see reference [30].

Inside human milk fortifiers: composition and clinical rationale 3/6



www.jpnim.com Open Access

Qualitative aspects: which milk sources?

Traditionally, HM fortifiers are derived from
bovine milk. The main protein source consists of
whey proteins, selected for their superior digestibil-
ity compared with caseins. The latter are sometimes
included for their ability to slow gastric emptying,
resulting in a more prolonged release of amino acids.

Bovine proteins used in fortifiers are usually
subjected to partial or extensive hydrolysis, as this
is thought to improve tolerance and reduce inflam-
matory and allergenic potential [8]. However,
hydrolysis alters the bioactive properties of peptides
and may also impair product palatability. From an
immunological perspective, the degree of hydroly-
sis is not a reliable predictor of sensitizing potential,
as other physicochemical properties — such as pep-
tide size distribution and surface hydrophobicity —
also influence immunogenicity [13].

Exclusive HM feeding has been shown to reduce
the risk of adverse events, particularly NEC, com-
pared with feeding based on bovine milk products.
Therefore, to ensure an exclusively HM-based
diet in the most vulnerable infants, over the past
20 years a US and a UK company have developed
HM-derived fortifiers. However, current evidence
does not demonstrate their superiority over bovine
milk-derived fortifiers in terms of morbidity (includ-
ing NEC risk) or mortality, nor a clear advantage in
growth outcomes [17-19].

The commercialization of DHM and its deriv-
atives also raises ethical concerns. In Italy, the
national guidelines for the organization and man-
agement of HM banks, published in the Official
Gazette (Gazzetta Ufficiale) on 8 February 2014
[20], state that DHM cannot be commercialized.
Furthermore, the recent European Parliament and
Council Regulation on quality and safety standards
for substances of human origin (SoHO) adopted in
June 2024 (Regulation 2024/1938) [21], includes
DHM, classifying it as a human tissue and conse-
quently excluding it from commercial use.

The high production costs of HM-derived fortifi-
ers must also be considered.

An interesting alternative to bovine milk-de-
rived fortifiers and to HM-derived fortifiers is
donkey milk. Among mammalian species, donkey
milk has the closest composition to HM in terms
of carbohydrates, lipids, and protein profile. Its
chemical, biological, and nutritional characteristics
have led to increasing interest in its use in clinical
nutrition, particularly in children with cow’s milk
protein allergy [22]. Given its biological properties
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and demonstrated clinical benefits, donkey milk
appears to be a suitable candidate for HM fortifier
formulation.

Some bovine milk-derived fortifiers include
industrial modulation of the whey-to-casein ratio
to better resemble that of HM; this is unnecessary
for donkey milk-based fortifiers, as this ratio is
already comparable to that of HM. Moreover, indi-
vidual proteins in donkey milk show much higher
sequence homology with HM proteins than those
of bovine milk and other ruminants. This homology
underlies the hypoallergenic properties of donkey
milk and allows avoidance of protein hydrolysis,
thereby preserving bioactive properties [22, 23].

An Italian randomized controlled trial demon-
strated that supplementation with a donkey
milk-derived HM fortifier, isocaloric and isopro-
teic compared with a bovine counterpart, provides
improved feeding tolerance with comparable auxo-
logical outcomes in VLBW infants [24]. Subsequent
studies in the same population also showed compa-
rable neurodevelopmental outcomes at 18 months
and a protective effect against gastroesophageal
reflux, with no differences in growth patterns com-
pared with bovine milk-derived fortifiers [24-27].

This donkey milk-based fortifier has been the
subject of an Italian patent but is not yet commer-
cially available. Considering its biological charac-
teristics and observed clinical benefits, it appears
promising and opens interesting perspectives for
future clinical use.

Conclusions

At present, in Italy, the available HM fortifiers
are exclusively derived from bovine milk. Looking
ahead, the most promising alternatives are formula-
tions based on HM or donkey milk. However, the
limitations associated with HM-derived fortifiers
are notable, including high costs and ethical con-
cerns related to their commercialization, which is
already prohibited in some countries, such as Italy,
and by recent European SoHO regulations.

The prospect of industrial production and distri-
bution of donkey milk-based fortifiers may repre-
sent a reasonable compromise in terms of cost and
feasibility in clinical practice.
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