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Abstract 

Breastfeeding is widely acknowledged as the normal and
unequalled method for feeding infants due to its associated health
benefits, both for the infant and the mother. The World Health
Organization recommends that infants are exclusively breastfed
up to the completion of six months of age, with breastfeeding con-
tinuing to be an important part of the diet until the infant is at least
two years old. The several health benefits associated with breast-
feeding are driven by the combined action of the nutritional and
bioactive components in human milk and the magnitude of the
majority of the ascertained biological effects is directly dependent
on breastfeeding duration. This review briefly summarizes the
current knowledge on the composition of human milk and pro-
vides an overview on its functional effects on health outcomes,
focusing on the latest research results.

Introduction

Extensive evidence indicates that breastfeeding is essential to
ensure healthy growth and development of infants and children.1

The World Health Organization recommends that infants are
exclusively breastfed up to the completion of six months, with
breastfeeding continuing to be an important part of the diet until
the infant is at least two years old.2

Human milk is an individual-specific biofluid, characterized
by an extreme variability in its composition, with regard to both
nutritional and bioactive components. From an evolutionary per-
spective, its composition has evolved over time in order to provide
the infant a well-balanced nutrition and protection against poten-
tial infectious pathogens while the neonatal immune system com-
pletes its development.3 Influences on compositional differences
include time of lactation, length of gestation, maternal diseases,
genotype and diet.4 The mean protein content gradually decreases
from the second to the sixth-seventh month of lactation and stabi-
lizes thereafter.4,5 Remarkably, preterm milk content through early
lactation is higher than that of term milk (Figure 1).5

Lactose content is particularly high between the fourth and the
seventh month of lactation and decreases afterwards. On the con-
trary, fat content increases throughout lactation. Fat content varies
according to the stage of nursing process, being most represented at
the end of a feed, and to the time of the day.6 The fat fraction
appears to be the most sensible to maternal diet whereas the protein
and carbohydrate fraction appear not to be affected.7 The specific
fatty acids in human milk, either synthetized endogenously in the
mammary gland or taken up from maternal plasma, reflect changes
in the maternal dietary fat within two-three days. Maternal body
mass index also contributes to modulate the amount and type of
human milk fatty acids; specifically, the amount of saturated fatty
acids and the ratio of n-6 to n-3 fatty acids are higher in overweight
women’s breast milk than in normal weight women’s breast milk,
also after taking into account maternal diet.8

This review briefly summarizes the current knowledge on the
composition of human milk and provides an overview on its func-
tional effects on health outcomes, focusing on the latest
research results.

Stages of lactation

Human milk is commonly distinct into colostrum, transitional
and mature milk. However, it has to be taken into account that this
classification refers to the gradual changes that occur in human milk
according to stage of lactation rather than indicating specific classes
of milk. Colostrum, the first milk produced, contains a high concen-
tration of whey proteins, with casein being almost undetectable,
whereas the lactose and fat content is lower compared to that in
mature milk.4,9 One of the main feature of colostrum is represented
by the high concentration in bioactive compounds, including secre-
tory immunoglobulin (IgA), lactoferrin and leukocytes.10 The high
content of secretory immunoglobulins indicates that the main role
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of colostrum is immunologic rather than nutritional. The protective
function of colostrum is further underlined by the particularly high
content of oligosaccharides, that approximately doubles that of
mature milk, decreasing from 21 g/100 mL on the 4th day to 13 g/100
mL at the end of the second month of lactation.11 On the basis of the
studies focusing on human milk composition, it appears that
colostrum may also act as growth promoter, since it contains high
concentrations of epidermal growth factor, TGF-β and colony stim-
ulating factor.10 After 5 days, colostrum will be gradually replaced
by transitional milk which shares some features of colostrum and
support infants’ growth and development. From the second week
after delivery, milk is considered largely mature, becoming fully
mature by the 4th to the 6th week.9

Composition

Proteins
Proteins represent the third abundant solids in human milk,

providing not only nutrition but also performing several bioactive
functions. Indeed, proteins are essential to allow for infants’
healthy growth but they act also as carriers for other nutrients (i.e.,
lactoferrin, haptocorrin, alfa-lactalbumin, folate-binding protein,
beta-casein), promote gut development (growth factors, lactofer-
rin) and nutrients absorption (bile salt-stimulated lipase, amylase,
alfa1-antitrypsin), and possess immune and antimicrobial activity
(lactoferrin, secretory IgA, osteopontin, cytokines, lysozyme,
etc.).12 Milk proteins can be grouped into three major classes:
caseins, whey and mucins. Caseins are assembled in micelles
whereas whey proteins are present in solution. The main whey pro-
teins are represented by alpha-lactalbumin, lactoferrin, lysozime
and secretory IgA; caseins include α-, β- and κ-casein. Of note,
caseins in human milk represent 13% of the total amount of pro-

teins, thus representing the lowest casein concentration of any
studied species. Mucins are incorporated into the membrane of the
milk fat globule.4

During the digestion process, most proteins are decomposed to
free amino acids that are absorbed and utilized as building block
for synthetizing new proteins in the body. However, it has to be
taken into account that some nutritive proteins, that are partly or
well absorbed, may exert biological functions. Furthermore it is
now well acknowledged that some bioactive proteins are detected
intact in infants stool. Taken all together, these data suggest that
proteins are involved in the mechanisms responsible for the bene-
ficial health effects associated with breastfeeding, such as the
reduced risk of developing morbidities, particularly infections.12,13

Increasing evidence indicates that the quantity and the quality
of protein in human milk play a crucial role in modulating infant
growth and body composition. A high protein intake in infancy has
actually been associated with an increased weight gain and risk of
developing obesity later in life through the activation of the
insulin-like growth factor-1 axis.14 De Luca et al. (2016) reported
that the mature breast milk of obese mothers (body mass
index=34.3±3.9 kg/m2), contained a higher amount of branched-
chain amino acids (+20%) and tyrosine (+30%) compared to
mature milk of non-obese mothers (body mass index=21.6±1.4
kg/m2).15 Since high plasmatic concentrations of branched-chain
amino acids appear to inhibit fatty free acids oxidation and, hence,
to promote fat deposition,16 these findings needs further clarifica-
tion in terms of potential clinical implication, with regard to meta-
bolic programming in breastfed infants. 

Non-protein nitrogen
Non-protein nitrogen, including urea, creatinine, nucleotides,

free amino acids and peptides, comprises 25% of the total amount
of human milk nitrogen. Of note, nucleotides may be considered as
conditionally essential nutrients. They play an important role in

Figure 1. Protein content in preterm and term milk.



Invited Review

several cellular functions, acting as metabolic modulator, modulat-
ing enzymatic activities and promoting the development and mat-
uration of the gastrointestinal and immunological systems.4

Carbohydrates
The principal sugar of human milk is the disaccharide lactose.

Its high concentration in human milk, 6.7 g/100 mL, which exceeds
that of other species, reflects the high nutritional requirements of
human brain.4 In addition, lactose represents an important source of
galactose which, in turns, is important in promoting the development
of the central nervous system. The other significant carbohydrates of
human milk are the oligosaccharides (HMO), ranging between 1-10
g/L in mature milk and 15-23 g/L in colostrum. In mature milk 35-
50% of HMO are fucosylated, 12-14% are sialylated and 42-55%
are nonfucosylated neutral, respectively.17 However, HMO specific
composition is markedly affected by maternal genetic factors.11,18,19

Different structures of oligosaccharides depend on the presence of
specific transferase enzymes expressed in the lactocytes. The two
genes involved in shaping the specific composition are the Secretor
and the Lewis Blood Group genes. It has been hypothesized that the
variation in HMO composition among mothers may endorse human
survival, as pathogens show different affinity for binding according
to specific structures of oligosaccharides.9 Indeed, it has been
demonstrated that infants fed milk from non secretor mothers are at
higher risk for developing diarrhea.20 In experimental models it has
been reported that only one type of HMO, that is disialyllacotse-N-
tetraose (DSLNT), is protective against the risk of developing necro-
tizing enterocolitis (NEC). This finding further underlines that the
protective role is actually strictly related to the specific HMO struc-
tures.21 Accordingly, Autran et al. (2017) have analysed the specific
HMO content of 200 breastfeeding preterm mothers and reported
that the DSLNT concentration was significantly lower in the milk
fed to the infants that have developed NEC compared to that in the
milk fed to the infants that had not developed NEC.22

HMOs serve as prebiotics, acting as metabolic substrates for
bacteria, thus enhancing the growth of beneficial bacteria, includ-
ing Bifidobacteria and Bacteroides species. Furthermore HMO
modulate several infant mucosal and systemic immune functions
(Table 1).17

HMO are also absorbed into the blood and have been reported
to influence binding of monocyte, lymphocytes and neutrophils
and formation of platelet-neutrophil complexes. It has also been
speculated that they could exert some modulatory functions on the
development of organs other than the gut.23

Lipids
Lipids represent the major sources of energy, contributing to

the 44% of the total energy provided by human milk (Table 2).24

Furthermore they are an important source of essential nutrients
such as polyunsaturated fatty acids (PUFA), lipid soluble vitamins,
complex lipids and bioactive compounds.25 Lipids are present in

the form of dispersed fat globules, comprising a core of non-polar
lipids, mainly triacylglycerols, formed in the endoplasmic reticu-
lum of the mammary epithelial cells. Upon the secretion from the
endoplasmic reticulum into the cytosol, the core is first covered by
an inner membrane deriving from the endoplasmic reticulum of the
mammary alveolar cells. When these droplets are further excreted
into the alveolar space, they are covered by an outer membrane
deriving from the mammary alveolar cell plasma membrane.
Hence, the milk fat globule membrane (MFGM) contains high
amount of bioactive compounds, including glycerophospholipids,
sphingolipids, sphingomyelin, glycolipids, cholesterol, glycosylat-
ed proteins.26 Accordingly, increasing attention has been focused
on the potential biological functional effects of these components
when added to infant formulas. Specifically, formula supplementa-
tion with MFGM has been reported to be associated with positive
effects on neurocognitive development and immune function.27

Triacylglycerols represents 98% of human milk fat and their
properties are largely affected by their fatty acid composition.
Human milk contains more than 200 fatty acids, which are present
in different concentrations. Milk lipids of European women are
reported to be constituted by 35-40% of saturated fatty acids, 45-
50% of monounsaturated and 15% of polyunsaturated fatty acids.24

Palmitic acid provides the majority of saturated fatty acids. Of
note, human milk palmitic acid is commonly found in the sn-2
position, which enhances its absorption and reduces calcium mal-
absorption. 

The human milk content of fatty acids, particularly with regard
to the long-chain polyunsaturated fatty acids (LCPUFAs), is large-
ly affected by maternal diet. In the western world it has been
recorded an increase in the omega 6/omega 3 ratio, that underlines
a suboptimal intake of omega 3 associated with a higher consump-
tion of omega-6.9 About 75% of linoleic acid contained in human
milk derives directly form dietary intake whereas 30% originates
from maternal stores, being promptly transferred in the case of
decreased dietary intake. However, persistent changes in dietary
supply lead to modification of maternal stores.25,28

LCPUFAs exert several major biological effects, particularly
on membrane functions, eicosaenoid and docosanoid production
and related physiological processes, including growth and immune
response. Human milk lipids, particularly medium chain mono-
glycerides, have been found to inactivate several pathogens in
vitro, including Group B streptococcus, thus contributing to the
protection against invasive infections.29 In addition, LCPUFAs
provision with human milk positively affects retinal and brain cor-
tical functional development in infants.30 While the majority of
milk arachidonic acid derives from maternal stores, dietary
docosahexaenoic acid (DHA) strictly correlates with milk
content.31,32 In order to guarantee a daily DHA supply of 100 mg
to an exclusively breastfed infants, the breastfeeding mother
should consume at least 200 mg/day of DHA, required to achieve
a milk DHA content of 0.3% of total fatty acids, which is advisable
for meeting the infant’s metabolic requirements.33
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Table 1. Potential mechanisms involved in human milk oligosaccharides modulation of infant mucosal and systemic immune functions. 

Reduction of intestinal crypt cell proliferation
Increase of intestinal cell maturation and barrier function
Potential influence on globet cell function
Shaping of the epithelial immune gene expression either directly or indirectly through the influence on microbiota development
Inhibition of infections by either binding to the pathogen in the lumen or by inhibiting binding to cell-surface glycan receptors 
Modulation of immune cell population and cytokine secretion
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Short chain fatty acids represent an important source of energy;
furthermore they contribute to the gastrointestinal tract maturation.

Other bioactive components
Human milk is particularly rich in microRNAs, which are poten-

tially involved in infant protection and development. MicroRNAs
are small non-coding RNA molecules, that regulate gene expression
at the post-transcriptional level, modulating several cell functions
such as cell cycle, proliferation, differentiation, apoptosis, and
immune response.34 Human milk has also been identified as the first
probiotic food fed to the infants since it contains a diverse microbial
community including >200 phylotypes.35 However, it has not been
clearly elucidated how these bacteria reach the mammary gland and
are finally incorporated into human milk. Studies suggest that an
enteromammary pathway brings bacteria that are present in the
maternal gut to the mammary gland via lymph and blood
circulation.36 Resent research also indicates that the cellular fraction
of human milk includes not only immune cells but also non immune
ones, such as stem cells. The specific functional role associated with
stem cells is not known; however, this finding suggests potential
developmental benefits to the breast-fed infant.35

Human milk contains also hormones that are acknowledged to
modulate metabolism and body composition, such as insulin, lep-
tin, adiponectin, ghrelin. Particularly, leptin milk concentration has
been found to be directly correlated with maternal body mass
index.37,38

Breastfeeding and associated outcomes

Advances in research have clearly indicated that human milk
offers both optimal nutrient supply and bioactive compounds that
contribute to the short and long-term health benefits associated
with breastfeeding. Remarkably, many health outcomes have been
reported to be directly correlated with the duration of breastfeed-
ing, suggesting a potential cumulative effect. 

Short-term health outcomes 
A systematic review published in 2016 indicates a strong pro-

tective effect of exclusive breastfeeding during the first six months
of life against infectious diseases, with a 88% reduction of mortal-
ity in comparison to infants that have never been breastfed.39,40 Of
note, in three studies conducted in low and medium income coun-
tries, the lack of breastfeeding has been associated with an
increased risk of mortality. Specifically, males and females
younger than six months, exhibited a 3.5 and 4.1 times increases in
risk compared to any breastfeeding infants, respectively.41 The
dose dependent effect of breastfeeding is further supported by the
finding that exclusively breastfeeding was associated with 48 and
78% reduction of risk of death when compared to partial and pre-
dominant breastfeeding, respectively.40 Ever breastfeeding appears
also to be protective against sudden infant death syndrome, being

associated with a 36% [95% confidence interval (CI) 19-49] reduc-
tion of its occurrence.42

Compelling evidence indicates a major protective role of
breastfeeding also with regard to the risk of diarrhea and respira-
tory infections, including hospitalization due to these diseases.
Specifically, longer exposure to breastfeeding is associated with
a relative risk of 0.69 (95% CI 0.58-0.82) for developing diarrhea
within the first five years of age and a 72% reduction of hospital
admissions.43 About one third of the occurring lower respiratory
diseases, including half of the hospitalizations due to their occur-
rence, could be prevented by breastfeeding.43 A reduced risk for
developing otitis media is also reported in association with
longer breastfeeding compared to a shorter one [odds ratio
(OR)=0.67; 95% CI 0.62-0.72]; however, the protective effect is
no more consistently detectable after two years of age.44

According to Victoria et al. (2016), there is no clear consistent
evidence indicating a protective effect of breastfeeding towards
either eczema or food allergy.39 With regard to asthma, a 9%
(95% CI 2-15) reduction of the risk of its occurrence has been
reported; however, when considering only the 16 studies with the
most strict inclusion criteria and the 13 cohort studies, the posi-
tive association between breastfeeding and the reduced risk of
asthma resulted not significant.39

Furthermore a 68% (CI 95% 60-75) reduction in the risk of
malocclusion has been demonstrated if the infant is breastfed.45

However, it has to be taken into account that breastfeeding for
longer than one year and nocturnal feeding have been associated
with an increased incidence of dental caries in deciduous teeth. It
can be speculated that this effect may be due to inadequate oral
hygiene after feeding.46

Long-term health outcomes
Among the long term health outcomes, longer exposure to

breastfeeding is associated with 35% (95% CI 14-51) reduction of
the risk of developing diabetes type II.47 No significant evidence of
a protective effect of breastfeeding towards hypertension and/or
hypercholesterolemia has been demonstrated.47

As far as overweight/obesity are concerned, a meta-analysis
including 113 studies demonstrated an association between 26%
reduction of the risk of developing these conditions and longer
breastfeeding. Remarkably, even when including only the 23 high
quality studies, the positive association between breastfeeding and
the 13% (95% CI 6-19) reduced risk of overweight and obesity
remained significant.39,47

Amitay et al. (2015) have reported that the risk for developing
leukemia was reduced by 19% in infants that were any breastfed
compared to infants that had never been breastfed.48

Consistent evidence indicates that breastfeeding is associated
with positive cognitive outcome. Specifically, the intelligence quo-
tient in ever breastfed /longer breastfed infants has been reported to
be 3.4 (95% CI 2.3-4.6) points higher than that of never
breastfed/shorter breastfed infants.49 Of note, the 16 studies included
in the meta-analysis controlled for several potential confounding fac-
tors; furthermore, even when considering the nine studies that adjust-
ed also for maternal intelligence quotient, breastfeeding remained
associated with an increase in 2.6 points in the intelligent quotient.

Health outcomes in preterm infants 

Human milk is recommended as the optimal nutrition not only
for the full term infants but also for the preterm infants, particular-
ly those born extremely preterm.1 Human milk consumption has

Table 2. Mean macronutrients contribution to total energy intake
of breastfed infants at 1 month of age. 

                                          Energy intake (%)

Lipids                                                        44.5±5.2
Proteins                                                     8.4±1.0
Carbohydrates                                         43.9±5.8
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been reported to significantly reduce complications associated
with prematurity, including necrotizing enterocolitis, retinopathy
of prematurity, bronchopolmunary dysplasia and late-onset sepsis.
Furthermore human milk feeding promotes feeding tolerance with
a reduced number of days needed to achieve the full enteral feed-
ing.50,51 Long term benefits include reduced risk of re-hospitaliza-
tion due to infectious diseases, particularly respiratory diseases,
and promotion of both brain development and neurocognitive out-
come.52,53 Recent research has also indicated a potential cumula-
tive effect of human milk feeding on promotion of fat free mass
deposition, which, in turns, appears to promote cognitive
outcome.54-56

Maternal health outcomes

The meta-analysis conducted by Victoria et al., 2016 further
underlined the well-known role of breastfeeding in birth spacing.
Longer breastfeeding, and especially exclusive breastfeeding, were
associated with longer periods of amenorrhoea.39 Compelling evi-
dence demonstrates an inverse relationship between breastfeeding
and breast cancer. Each increase in 12-month duration in lifetime
breast feeding has been associated with a reduction of 4.3% (95% CI
2.9-6.8) in the incidence of breast cancer.57 The meta-analysis by
Victoria et al., 2016 confirmed the direction of this relationship and
found a reduction of 7% (95% CI 3-11) in the risk of developing
breast cancer with longer breastfeeding duration.39 A 30% (95% CI
25-36) reduction in the incidence of ovarian cancer has also been
associated with longer periods of breastfeeding.58 When considering
only data deriving from studies with fine adjustment for parity and
exclusion of nulliparous women, the risk of ovarian cancer was still
significant although reduced to 18%. Aune et al. (2014) conducted a
meta-analysis, including six cohort studies, and found a protective
effect of breastfeeding on type 2 diabetes (OR=0.68; 95% CI 0.57-
0.82).59 Few studies are available for the long-term association
between nursing and adiposity. Mean body maternal index has been
reported to be 1% lower for every 6 months increase in the lifetime
breastfeeding duration.60 Although breastfeeding has been reported
to be protective against depression, it can be argued that depression
could actually affect breastfeeding.61 

Conclusions

On the basis of the available evidence, human milk not only
provides the perfectly adapted nutritional supply for the infant but
also plays a crucial role in promoting healthy growth and develop-
ment. Hence, protection, support and promotion of breastfeeding
should be considered as a public health issue.
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