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A B S T R A C T

Human milk is a living dynamic fluid that promotes optimal nutrition and development of

the infant and impacts health across the lifespan. This review reports on the diverse range

of nutrients, immune protection factors, hormones, microbes and metabolites in human

milk and their impacts on infant nutrition and health. While many of these components

are stable across lactation and similar between women, some vary over time, and in

response to maternal and infant health status, maternal diet and geographic location.

Humanmilk may be considered as personalized nutrition, with many components working

synergistically to stimulate and support the infant’s immature immune system, while

enhancing appropriate development, growth and body composition.
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Introduction

Humanmilk (HM) is recognized as the optimal form of nutrition

for infant growth, development and health. HM composition is

species-specific and is vastly different to infant formula. This

multi-faceted fluid has been shaped by evolution to contain

essential nutrient and bioactive components that provide not

only nutrition but developmental and appetite control factors

as well as protection against infectious and non-communicable

diseases.1 HM remains unmatched by any other diet, with a

dose-response effect observed for health and cognitive out-

comes across the lifespan.2,3 Longer durations of exclusive and

any breastfeeding are associated with greater protection from

gastrointestinal and respiratory disease, atopy, overweight and

obesity in childhood4, and improved performance in intelli-

gence tests and educational attainment in adulthood.2

For breastfed infants to thrive, maternal milk production

must be commensurate with the infant requirements for

growth and development. Indeed, the milk intake volume of

the infant has been shown to be related to infant growth

rather than energy content.5 Interestingly, the concentrations

of milk components are not often associated with infant

growth. However, more recently infant intakes (or doses) of

specific components have been linked to development of

infant body composition in the first year of life. The volume

of colostrum consumed by infants over a 24-hour period is

low (mean 29 mL; SD 24mL) with a rapid increase to 414 mL

(SD 123) at day 5 and 650 mL by day 8 postpartum with full

milk production reached by day 14.6

Some HM components are synthesised by the mammary

gland, while others originate from maternal blood, adipose

tissue or diet7, with maternal health, smoking status and adi-

posity impacting particular milk components.8,9 The compo-

sition of HM changes dramatically during the transition from

colostrum, that is low in lactose and rich in proteins including

immunomodulatory and growth factors, to mature milk that

is relatively stable from two weeks postpartum until
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weaning.7 Concentrations of some HM components such as

trace elements vary throughout lactation whilst others

remain at consistent levels. While 24-hour milk volume

intake accounts for the greatest variation in infant growth10,

knowledge of the effects of specific HM nutritional and bioac-

tive components on infant growth and body composition (BC)

are emerging.

Macronutrients

Carbohydrate

The macronutrient composition of HM is conserved across

populations and is independent of maternal ethnicity10 and

nutritional status.11 HM consists of 87% water, 7% lactose,

3.8% fat and 1% protein.12 Higher total 24-hour carbohydrate

intake is associated with a higher percent fat mass in

breastfed infants across the first year of lactation, while HM

carbohydrate concentration is potentially associated with

maternal adiposity.13 The disaccharide lactose is the predom-

inant carbohydrate and least variable macronutrient in HM

over a 24-hour period and across the first 12 months of lacta-

tion.14,15 It contributes 40% of the total energy content, and

60%-70% of the total osmolarity in human milk.16 With a

mean concentration of 62 g/L the lactose concentration of HM

is 50% higher than that of bovine and other mammalian milk

and so is ideally suited to meet the high energy demands of

the rapidly growing infant brain.17 Lactose enhances infant

nutrition by increasing the absorption of minerals such as

calcium, iron and zinc. In infancy up to 98% of the lactose in

HM is hydrolysed by lactase to glucose and galactose, with

the remaining 2% lactose undergoing the physiological fer-

mentation in the colon to produce beneficial short chain fatty

acids.18 HM lactose has been identified as an inducer of innate

immunity as it upregulates the antimicrobial peptide gene

that likely protects the gastrointestinal tract against patho-

gens and shapes the gut microbiota.19 Higher total 24-hour

carbohydrate intake, rather than concentration, is associated

with a higher adiposity in breastfed infants across the first

year of lactation.

Humanmilk oligosaccharides (HMO) comprise the third most

abundant component of HM, with more than 100 identified to

date. HMOs are formed from five different monosaccharides.

These monosaccharides form the basis of HMO structures with

high diversity between women, varying according to maternal

genetic factors such as Lewis blood group and secretor status,

and pre-pregnancy BMI.20 Further, the HM concentration of

HMOs ranges 5 � 20 g/L, depending on lactational stage, nutri-

tion and geographic location.21 Compared to the milk of other

primate and non-primate mammals, HMO are highly concen-

trated, diverse and uniquely structured.22

While HMOs are carbohydrates, they have limited nutri-

tional value with only ~1% of HMOs absorbed from the

infant’s gastrointestinal tract to the circulation. Instead

HMOs play a significant role in the infant’s immune matura-

tion and protection through antimicrobial and antiviral activ-

ity, prebiotic effects, mucosal barrier maturation, and

modulation of pathogen recognition. HMOs shape the gut

microbiome through prebiotic actions such as providing

selective substrates for healthy gut bacteria such as Bifidobac-

teria spp., and acting as a decoy for pathogens.23 Metabolism

of HMOs to short chain fatty acids (SCFAs) promotes matura-

tion of intestinal epithelial cells and the development of tight

cell junctions to support intestinal barrier function.21 Recent

evidence indicates relationships between concentrations of

specific HMOs (2’-fucosyllactose, lacto-N-neo-tetrose) at 3

months, and child weight and height z-scores across the first

five years.20 HMOs may also impact neurodevelopment with

recent evidence indicating that higher concentrations of 2’-

fucosyllactose at one month after birth are associated with

higher cognitive development scores at two years.

Fat

HM fat is critical to infant growth and health supplying

approximately 50% of milk energy24 and supporting develop-

ment and maturation of the central nervous system25,

immune function and inflammatory responses.26 The fat

fraction of HM comprises 98% triglycerides that predomi-

nantly consist of saturated fatty acids (SFA), and then mono-

unsaturated fatty acids (MUFA) and omega(n)-3 or n-6 poly-

unsaturated fatty acids (PUFA). While proportions of SFA and

MUFA are stable during established lactation, the HM PUFA

profile varies with maternal lipid nutrition, adiposity, gesta-

tional weight gain and possibly maternal protein intake.27,28

Development of the infant’s brain is dependent on circulating

PUFA concentrations that are largely impacted by the concen-

trations ingested in HM, while there is a minor contribution of

precursors linoleic acid (LA) and alpha-linoleic acid (ALA) in

HM for facilitation of endogenous PUFA synthesis.29 There is

evidence that a higher HM n-3 PUFA concentration in the

early months of lactation is associated with subsequent

enhanced psychomotor development.30 Brain development

and neuro-cognitive outcomes are also dependent on the

complex polar lipids found in the remaining 2% fat fraction.

These lipids are situated within the milk fat globule mem-

brane and include phospholipids, gangliosides, sphingomye-

lin and cholesterol. The milk polar lipids in human milk

optimize brain development, with infants fed an artificial

milk supplemented with milk polar lipids achieving Griffith

Mental Development Scale scores closer to that of a reference

group of exclusively breastfed infants than those who

received artificial milk without additional polar lipids.31

HM fat carries soluble vitamins,32 taste and aroma,33 con-

tributing to infant appetite control. Further, lipids have also

been shown to have anti-infection effects with a recent publi-

cation showing that healthy infants received milk with more

palmitic acid and lauric acid containing triglycerides.34

Higher total HM lipid content has been linked to lower

infant weight, adiposity and BMI gain between months 3 and

12 months. Fat is the most highly variable HM macronutrient

ranging from an average of 21.6 g/L to 53.5 g/L.35 The greatest

variations occur with the degree of fullness of the breast; it

can change from 3.5 g/L pre-feed to 106 g/L post-feed35 mak-

ing it difficult to confidently estimate infant intake, particu-

larly if only one sample is taken. Therefore, accurate

measurement of fat intake requires pre- and post-feed HM

samples together with milk intakes over a 24-hour period to

account for all changes in fat content during a feed, diurnal
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changes and differences between the breasts. This is illus-

trated in a case study of an exclusively breastfed infant born

small-for-gestational age (SGA) with slow weight gain. The

mother’s milk had ‘normal’ fat concentration. However, the

24-hour fat intake was well below the reference range and

therefore contributed to the infant’s poor growth in the first 3

months of life.36 While HM fat concentrations are reported to

be similar betweenmothers of small-, appropriate- and large-

for-gestational age infants, reported as 3.7, 3.7 and 4.0 g/

100 mL respectively,37 the 24-hour dose of fat must be consid-

ered when assessing infant nutrition.

Protein

Breastfed infants consume less energy than formula-fed

infants, and less protein which is however more highly bio-

available than bovine protein. The protein concentration of

HM reduces from 14-16 g/L in early lactation to 8-10g/L at 3 �
4 months of lactation to 7-8g/L at 6 months and beyond.38

Human milk proteins predominantly consist of caseins and

whey proteins, and also enzymes, endogenous peptides and

mucins that are derived from the milk fat globule membrane.

Indeed, more than 1700 HM proteins are present in changing

concentrations across the course of lactation to meet the

needs of the developing breastfed infant.39 For example,

whey proteins including alpha-lactalbumin, lactoferrin and

secretory IgA are most highly concentrated in colostrum and

reduce during the transition to mature milk. While HM pro-

teins provide nutrition and immunomodulatory effects, they

also contribute to the digestion of nutrients, immune defense

against pathogens and prebiotic activity.40

HM protein intake plays a major role in infant weight gain

resulting in lower lean mass and slower growth trajectory of

breastfed infants compared to formula-fed infants41 potentially

contributing to a reduced risk of obesity later in life.42 A positive

association between total protein intake (including that from

solid foods) and the breastfed infant’s weight gain and lean

mass has been previously reported.41 However, recent evidence

suggests HM casein intake, and not total protein or whey intake,

is related to lower infant lean mass and higher adiposity par-

tially explaining the mechanism of breastfed infants’ slower

growth trajectory.43 HM whey fraction contains various

enzymes, hormones and immunomodulatory proteins that

work synergistically to promote infant growth. Antimicrobial

HM components such as lactoferrin and lysozyme, while pro-

viding protection against infection and inflammation and pro-

moting gut homeostasis, are also implicated in infant growth.

Higher HM lactoferrin intakes are associated with decreased

lean mass, and increased lysozyme intakes with increased

infant adiposity.44 It is possible that lactoferrin and lysozyme

work synergistically with respect to their anti-infective proper-

ties and improvement of infant gut health, both of which may

be contributing factors to infant growth.

Beta-casomorphins (BCM) are also present in HM and are

derived from beta-casein. It is suggested that the proteolytic

activity of milk produces biologically important BCMs. These

peptides have an opioid activity and are speculated to impact

infant gastrointestinal function and satiety. Further, some

evidence suggests that differences may exist in the milk of

women with a history of allergy.45

Micronutrients

Vitamins, minerals and trace elements are necessary for pro-

cesses related to infant growth and development including

hormone synthesis, immune system and antioxidant cofac-

tor functions.46,47 HM micronutrient composition is impacted

by a myriad of factors including maternal diet, BC and stage

of lactation. The fully-breastfed infant’s micronutrient status

is dependent on both intake from milk and stores accumu-

lated in utero.

Zinc

Zinc is fundamental for growth, development, and cell differ-

entiation and is necessary for over 300 separate enzymes

function. Zinc is also implicated in the metabolism of macro-

nutrients, synthesis of growth hormone, and hormones

involved in bone growth andmetabolism. HM zinc concentra-

tions vary between geographical regions but are not associ-

ated with maternal blood concentrations.48 While zinc

deficiency is responsible for over 500,000 deaths of children

under the age of five years globally, populations at risk

include partially breastfed infants where complementary

foods provide an inadequate zinc content.

Copper

Copper is necessary for formation of connective tissue and

exists within neuroactive compounds vital for neural func-

tion.49,50 In addition, copper is critical for the release of stored

iron and as such deficiencies in copper can result in low levels

of iron and the subsequently anaemia as well as bone defects

and diarrhoea.51 Deficiency is rare in the breastfed infant. HM

copper is highly bioavailable, and its concentration is not

associated with maternal blood concentrations. Further,

newborns have large liver stores which protect them against

deficiency in early life.

Iron

While the primary role of iron is to transport and store oxy-

gen, it also aids immune, metabolic and neurotransmitter

functions. As the iron stores accumulated during gestation

deplete over time, the infant is dependent on dietary iron

sources. Human milk concentrations of iron are relatively

low compared to that of other species reducing from 0.8 mg/L

in colostrum to 0.2-0.4 mg/L in mature milk. However, unlike

the ~10% absorption of iron from other dietary sources, HM

iron is highly bioavailable with lactoferrin-iron receptors

identified in the infant’s gut aiding ~56% absorption.52 Evi-

dence suggests that while healthy full-term breastfed infants

typically have adequate iron stores for the first four to six

months, low incidences of iron deficiency (3.7%) and iron defi-

ciency anaemia (2.7%) are reported for exclusively breastfed

infants less than six months of age in developing countries.53

The incidence is increased beyond six months where the

introduction of complementary foods that are low in iron

together with continued breastfeeding may be inadequate to

meet the infant’s iron requirement.53 Daily iron
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supplementation of exclusively breastfed infants from four

months of age is associated with a 42% reduction in iron defi-

ciency and iron deficiency anaemia and enhanced psychomo-

tor development scores but also reduced gains in weight and

head circumference.54 Therefore, the promotion of iron-rich

complementary foods from around six months and iron sup-

plementation from four to six months may be recommended

so breastfed infants can achieve the recommended iron

intake of 6.9 � 40 mg/day.55

Vitamin D

Vitamin D stores accumulated in utero are typically adequate

in the first three months after birth. The infant is dependent

on dietary intake and sun exposure to maintain adequate

vitamin D status which is important for bone mineraliza-

tion.56 Concentrations in HM are correlated with maternal

blood concentrations and are influenced by seasonal varia-

tion andmaternal supplementation. As Vitamin D is a fat-sol-

uble vitamin, differences in concentrations are reported for

pre- and post-feed milk samples, and there is no standard

sampling protocol to determine the 24-hour infant dose. Nev-

ertheless, blood concentrations of the more biologically

active 25-hydroxyvitamin D [25(OH)D] as a measure of suffi-

ciency indicate that insufficiency and deficiency are prevalent

in breastfed infants. A wide range of prevalence is reported

varying withmethodological differences, geographic location,

skin pigmentation, and sun exposure. Vitamin D deficiency is

associated with nutritional rickets that results in skeletal

abnormalities, impaired growth and motor delay. Rickets has

been identified as an emerging global public health issue. In

Australia where exposure to direct sunlight is available, the

reported incidence is 4.9/100,000/year although almost all

cases are in children with dark or intermediate skin colour.57

As HM contains low levels of Vitamin D, supplementation

may be recommended however guidelines vary with supple-

mentation for all infants or only for breastfed infants com-

mencing within days, weeks or months of birth.58 Maternal

supplementation with 6000 IU/day of vitamin D3 can achieve

adequate maternal and infant serum 25(OH)D levels in the

exclusively breastfeeding dyad59 and may be more acceptable

to families than infant supplementation.60

The relationship between maternal nutrition during lacta-

tion and HM concentration differs between micronutrients

(Table 1). While the risk of infant deficiency is heightened by

maternal deficiencies in vitamin A, zinc and B12, on a global

scale, the risks of morbidity and mortality are far greater for

non-exclusive breastfeeding in the first six months of life.47

Adipokines

HM hosts many adipokines, or cell signaling proteins that are

derived from maternal adipose tissue secretion into the

maternal circulation, with some synthesis by the mammary

epithelial cell (lactocyte).61 Adipokines, such as leptin, medi-

ate signals from adipose tissue to the brain and other organs

for regulation of infant appetite, feeding patterns, growth and

BC development. Classified as hormones with a structure

similar to cytokines, they include resistin, tumor-necrosis

factor and transforming growth factor-, with appetite hor-

mones leptin and adiponectin being the most studied in HM.

Higher daily whole HM intakes of leptin and adiponectin are

associated with increased infant adiposity, and increased

intake of adiponectin is related to decreased infant lean mass

over the first year of life.62 Adiponectin has been implicated

in the regulation of gastric emptying in exclusively breastfed

infants, with higher concentrations and doses resulting in

longer gastric emptying time63, potentially modulating satiety

and contributing to the slower growth trajectory of breastfed

infants. HM ghrelin although less comprehensively studied

has been shown to be higher in the blood of formula fed

infants compared to those that are breastfed, and plasma lev-

els correlate positively with increased infant weight gain.64

Further, higher HM insulin concentrations have been related

to lower infant lean mass. Other hormones including obesta-

tin, resistin, irisin and apelin are yet to be studied with

respect to infant growth and development.

Endocrine factors

Endocrine factors in HM such as cytokines and hormones are

derived from maternal serum or synthesis in the mammary

gland.65 Following ingestion by the infant, they survive the

digestion process to remain active and then are metabolised

for growth and development. HM cytokines support develop-

ment of infant immunity through immune modulation.66

They induce development of appropriate immune responses

to distinguish pathogenic and non-pathogenic molecules.

Many cytokines have been discovered contributing to

reduced inflammation, protection from allergic disease, and

Table 1 – HM mean macronutrient and micronutrient
concentrations and impact of maternal dietary intake.

Mean concentration

units/L

Impacted by

maternal intake

Macronutrients

Carbohydrate, g 677 No90

Protein 97 No90

Fat, g 38.5a,35 Yes28

Short chain fatty acids, mg 67788 not studied

Medium chain fatty acids varies by

maternal diet

Yes

Trans fatty acids varies by

maternal diet

Yes

Micronutrients

Zinc, mg 2.532 No46

Iron, mg 0.3532 No46

Copper, mg 25032 No46

Calcium, mg 25932 No101

Selenium, mg 1832 Yes101

Iodine, mg 14632 Yes47

Vitamin A, mg 48532 Yes47

Vitamin B2, mg 0.3532 Yes101

Vitamin B3, mg 1.832 Yes101

Vitamin B1, mg 0.2132 No101

Vitamin B12, mg 0.4232 Yes32

Vitamin C, mg 60102 Yes102

Vitamin D, nmol/ 64.9103 Yes103

a Reported median HM fat concentration.
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promotion of intestinal colonisation and integrity.66 As

reduced immune function impacts growth, HM cytokines

support appropriate infant growth.

Immunological peptides

Insulin-like growth factor 1 (IGF-1) is a peptide with differen-

tiating, anti-apoptotic and metabolic effects. It plays a critical

role in growth and development of the fetus as well as the

preterm infant.67 HM and serum concentrations of IGF-1 in

preterm and term infants are similar68 and are positively

associated with postnatal growth in preterm infants, while

higher concentrations of HM IGF-1 in early infancy are associ-

ated with higher weight at 13 months but lower weight at 3

and 5 years of age in infants born at term.69 Associations of

other HM immunological peptides with infant BC include

have been reported. Increased HM tumour necrosis factor�a

concentration was related to lower fat-free mass and

increased interleukin�6 with slower infant growth and lower

adiposity.70

Cortisol

Cortisol is a steroid hormone that is released in response to

both physiological and psychological stress. It contributes to

the regulation of plasma glucose concentration via gluconeo-

genesis and aids fat, protein and carbohydrate metabolism.

Cortisol in HM exhibits a circadian pattern with the highest

concentration observed in the early morning and a gradual

decline throughout the day.71 While rhythmicity of HM corti-

sol fluctuations at one month does not appear to impact body

composition at three months of age72, exposure of female

infants to higher HM cortisol concentrations at three months

of age is associated with a reduced risk of BMI percentile

gains over the first two years of life.73 This indicates a possi-

ble role of HM cortisol in the longer-term programming of

infant metabolism and childhood obesity risk.

Melatonin

Melatonin regulates the sleep-wake cycle and has antioxi-

dant, anti-inflammatory and immunomodulatory functions.

It has a circadian pattern in maternal plasma and HM, with

concentrations peaking around 0300 h and lower during the

day.74 Establishment of the circadian pattern of melatonin

secretion occurs at three to six months of age, thus HM mela-

tonin concentrations through breastfeeding may promote the

establishment of infants’ nocturnal sleep patterns.75 Indeed,

actual duration of infant sleep and sleep efficiency are signifi-

cantly greater in breastfed infants compared to those that are

formula fed, and episodes of infant colic are potentially

reduced via the ability of melatonin to induce relaxation of

gastrointestinal smooth muscle.76

Humanmilk microbiome

Human milk contains a low biomass microbiome consisting

of bacteria, viruses, and fungi.77 These microbes contribute to

the infant oral and gut microbiomes by aiding in the digestion

of fibre and production of vitamins andmay also play a role in

mammary health. Similar to other human microbiome

niches, the HM microbiota vary based on maternal health,

lifestyle, diet, and geographical location.77 Given the impor-

tance of the early-life gut microbiome for programming life-

long health78, it is important to understand microbial expo-

sures via HM in the breastfed infant.

Strong evidence exists to support the theory that bacteria

are translocated from the maternal gut to the lactating mam-

mary gland.78 Maternal diet is therefore likely to influence

the composition of the HM microbiome. Indeed, two studies

have reported various relationships between maternal diet

and HM bacterial composition.79 The HM microbiome varies

with maternal non-communicable diseases, whereby HM of

mothers with atopic disease contains reduced levels of Bifido-

bacterium spp.80, while that of mothers with coeliac disease

contains reduced levels of Bifidobacterium spp. and Bacteroides

spp.81 Additionally, the milk microbiome of obese women

varies from that of lean women, with a lower diversity of bac-

teria and an altered bacterial composition.82 As the gut micro-

biome impacts the capacity to extract energy from the diet,

the HM microbiome may play a role in shaping the infant gut

microbiome to prevent obesity.83

Short chain fatty acids

In addition to live microbes, HM also contains microbial

metabolites such as short chain fatty acids (SCFAs). SCFAs

are bacterial metabolites produced in the gut upon fermenta-

tion of dietary fibre. They play numerous roles in human

health, including promotion of regulatory T cells and immune

tolerance, inhibition of inflammation, gut barrier integrity,

appetite regulation, lipid metabolism, glucose homeostasis,

and epigenetic imprinting.84,85 Animal model studies have

demonstrated that maternal SCFAs are able to protect the off-

spring from allergic airways disease highlighting their role in

developmental programming.86 HM SCFAs are likely pro-

duced by the maternal gut microbiome and transported to

the mammary gland. HM SCFAs have been negatively corre-

lated with infant adiposity measures such as skinfold thick-

ness and BMI.87 Importantly, SCFA levels are reduced in the

milk of mothers with atopic diease.88 Maternal SCFAs are

likely important in protecting infants from poor metabolic

and immune programming outcomes. Further work is

required to characterise the influence of maternal diet on the

HM SCFA profile, and the influence of maternal SCFAs on

infant health.

Humanmilk metabolome

Comprehensive characterization of metabolites in HM is a

challenge with existing research indicating extensive varia-

tion of the HM metabolome between mothers. There is

emerging evidence of relationships between concentrations

of many HM and maternal plasma metabolites suggesting

maternal dietary and environmental factors can influence

the HM metabolic profile.89 The most comprehensively

researched dietary influences are maternal fish and fish oil
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supplement intake which are linked to HM docosahexaenoic

acid (DHA) concentrations.90 Many other factors, including

methanol, tobacco, tetrahydrocannabinol and even organic

pollutants such as dichlorodiphenyltrichloroethane (DDT)

from pesticides have been identified in low concentrations in

HM.91-93 Examination of growth outcomes in breastfed

infants exposed to low concentrations of DDT in HM showed

no associations with infant weight, length, head circumfer-

ence or % fat mass across the first 12 months.93

Distinct metabolome differences have been identified

between geographical locations with similarities within a

location furthering the evidence that environmental expo-

sures are direct influencers of the HMmetabolome92 which in

turn shape the infant’s metabolome. The differences between

HM metabolome are minor when compared to the profound

differences between breastfed and formula fed infants’

metabolite profiles that may impact future health outcomes.

Formula fed infants’ pre-prandial plasma concentrations of

2-hydroxybutyrate is double that of the breastfed infant and

increases to almost triple at one hour with elevated insulin at

2 hours post prandial.94 Recent studies indicate that 2-

hydroxybutyrate may be an early marker for insulin resis-

tance and glucose intolerance.95

Maternal and infant health may also alter the HM metabo-

lome with differences reported in HM from women with

atopic disease such as asthma and eczema. There is evidence

that unwell infants may have higher intake of lipids contain-

ing palmitic and linoleic acid which have anti-infection prop-

erties.92,96 Lean and overweight individuals have different

HM metabolomes, such as 1,5-anhydroglucitol, which is posi-

tively associated with maternal BMI.97 However, many

metabolites, such as lactose, are tightly regulated and appear

unchanged bymaternal environmental exposures.7

With regards to infant growth and development, the strongest

evidence supports a positive relationship between HM concen-

trations of omega-3 fatty acids, such as DHA, and infant neuro-

developmental outcomes.28,98 An inverse relationship with

development of atopic disease has been demonstrated. Other

fatty acids such as arachidonic acid appear to be involved in reg-

ulation of infant growth and lipid-soluble metabolites such as

beta-carotene are positively related to infantmotor function.99,100

As HM metabolomic analysis becomes more accessible, the role

of the HM metabolome in optimal infant growth and develop-

ment can bemore comprehensively examined.

Conclusion

The intricacies of the mechanisms by which human milk

impact our infants’ short- and long-term health remain to be

elucidated. Indeed, continued lactation research will unravel

the complexity of the composition of human milk and the

interactions of its many components to optimize infant

health. Variations in HM composition between women, geo-

graphic locations and maternal health status support the

notion that the unique compositional signature of each

mother’s milk truly does provide personalized infant nutri-

tion. There is no doubt that this dynamic, rich, live fluid pro-

vides components that promote the growth and development

of infants such that they can reach their full health potential.
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