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Abstract: The composition of human milk is the result of the evolution of mammals over millions of years. Among the most important
components of milk are fatty acids. Approximately 85% are saturated and monounsaturated fatty acids – the rest are polyunsaturated one.
Their role is to provide energy and immunity and to serve as buildings blocks, as well as assisting the hormonal system and the metabolism of
fats, carbohydrates and proteins. The structural differences between fatty acids determine their biodiversity and give them particular
physiological importance. Correct development of the nervous system, retina and other structures depend on an adequate supply of both
these fatty acids during intrauterine development and in the newborn and infant stages. The fats present in milk form milk fat globules –

structures that do not appear in milk formula prepared using vegetable oils. Apart from the mother’s diet, other sources of fatty acids are
endogenous biosynthesis in the mammary gland and the fat deposits from which the fatty acids are released. Evolution of the mother’s body
has also created adaptive mechanisms that adjust the amount of fatty acids in milk to the state of health and needs of the child. These
mechanisms go some way to creating a buffer with regard to dietary shortages experienced by pregnant/breastfeeding women, and optimalise
the composition of milk fatty acids depending on the age of the pregnant woman, the birth weight of the infant and the efficiency of the
placenta during pregnancy.
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Abbreviation

Appropriate for gestational age (AGA), arachidonic acid
(C20:4 n-6; AA), capric acid (C10:0 CA), docosahexaenoic
acid (C22:6 n-3; DHA), eicosapentaenoic acid (C20:5 n-3;
EPA), fatty acid (FA), lauric acid (C12:0 LAA), long chain
polyunsaturated fatty acids (LCPUFA), linoleic acid
(C18:2 n-6; LA), mature milk (MM), medium chain fatty
acids (MCFA), milk fat globule membrane (MFGM),
monounsaturated fatty acids (MUFA), myristic acid
(C14:0 MA), pre-term birth (PTB), small for gestational
age (SGA), transitional milk (TM), α-linolenic acid (C18:3
n-3; ALA), γ-Linolenic acid (C18:3 n-6; GLA).

Introduction

Awoman’s milk is the only natural source of nutrition for a
child in the first fewmonths of life. The unique composition
of the milk and its extraordinary complex structure, com-
posed of macromolecules and particles, is the result of
150million years of mammal evolution [1]. Over time, this
has produced a wholesome food providing nourishment
and immunological protection, whose composition is most
probably adapted to the state of health and needs of the

child. One of themost important substances inmilk is fatty
acids (FAs), which ensure the correct development of the
child in the prenatal, postnatal and infant stages. [2–4].
These FAs are responsible for the energy processes taking
place in cells and are the principal building material of cell
membranes, as well as being precursors of importantmeta-
bolic compounds such as prostacyclins, prostaglandins,
thromboxanes and leukotrienes. FAs differ from one
another by the length of their carbon chain and the number
of unsaturated bonds. The structural differences between
FAs determine their biodiversity and make them of out-
standingphysiological significance.Longchainpolyunsatu-
rated fatty acids (LCPUFA) are of particular importance [5–
9]. A correct supply of these in the intrauterine, postnatal
and infant stages of development ensures the proper devel-
opment of the nervous system, the retina and other struc-
tures [10–13]. Amongst the most important LCPUFAs are
the so-called essential fatty acids (EFAs) – linoleic acid
(C18:2 n-6; LA) precursor of the n-6 family and α-linolenic
acid (C18:3 n-3; ALA) precursor of the n-3 family. These
form biologically important long chain polyunsaturated
derivatives such as: γ-Linolenic acid (C18:3 n-6; GLA),
Arachidonic acid (C20:4 n-6; AA), Eicosapentaenoic acid
(C20:5 n-3; EPA) and Docosahexaenoic acid (C22:6 n-3;
DHA).
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Lipid fractions of human milk

The average fat content in a woman’s milk is around
3.8–3.9 g/100ml but this figure depends on many factors,
the most important of which appear to be the lactation per-
iod, as well as the diet and dietary habits of mothers, which
are often dependent on geographical location [14–16].
Human milk fat provides nearly 50% of the energy intake
of young infants, corresponding to an intake of around 25
g/day up to 6months of age [17–19]. The main fat compo-
nent is triacylglycerols (TAGs), which make up more than
98% of milk fat. The remaining part consists of phospho-
lipids – around0.7%, and cholesterol – around0.5%. Lipol-
ysis products, in other words free FAs, and mono and
diacylglycerols are found in milk in trace amounts [20].
TAGs are built of glycerol molecules bonded to three FAs.
This structure facilitates the transportof stronglyhydropho-
bic FAs in a hydrophilic environment. The stereospecific
structure of glycerol promotes highly specific interactions
both with esterifying enzymes and with lipolytic enzymes,
which recognise glycerol hydroxyl groups. As a result of
these interactions, the appropriate FAs are built into the
glycerol molecule within the mammary gland and then
released in the child’s digestive system in the correct order,
thus satisfying the child’s needs.More than95%of the total
milk lipids are in the formof a globule of between0.1 and 15
μmindiameter. These liquid fat droplets are surrounded by

a thin trilayer membrane 8–10 nm thick (Figure 1). During
the biosynthesis of milk, TAGs form lipid droplets in the
endoplasmic reticulum of the mammary gland, where they
are surrounded by a single layer of polar lipids [1, 21]. These
intracellularly formed structuresmove to the apical surface
of themammaryepithelial cellswhere theypass through the
membrane into the alveolar lumen and milk plasma. As a
result of passing through the cell membrane, the droplets
are additionally surrounded by a double lipid layer created
in the apical plasma membrane. Eventually, a human milk
fat globule is formed, surrounded by a milk fat globule
membrane (MFGM), consisting principally of phos-
phatidylocholines, phosphatidylethanolamines and sph-
ingomyelins, as well as LCPUFAs [22–24]. MFGM is a key
structure which ensures the unique composition of human
milk andwhich is not providedby food substitutes prepared
on the basis of vegetable oils [25]. Several randomised trials
have studied formula enriched with MFGM obtained from
cow’s milk. In children fed with formula enriched with
MFGM, less otitis media was observed, and there was a
decreased duration of diarrhoea episodes [26] and a better
development of cognitive abilities compared to a group fed
only with standard formula [27, 28]. It must also be empha-
sised that the results of the group fed on the MFGM
enriched formula are similar to the results of the breastfed
group.

The amount of FAs in the milk is not constant. This
depends mainly on the lactation period and therefore the
type of milk produced (colostrum, transitional milk (TM),
mature milk (MM), feeding stages (foremilk, hindmilk), as
well as the mother’s diet and the health of the newborn
child. Irrespective of the type of milk, the dominating FAs
are saturated and monounsaturated fatty acids (MUFAs)
[20, 29, 30] (Figure 2). Their percentage share in the pool
of FAs in milk is between 83% and 86%, of which approxi-
mately half are saturated acids and the other half MUFAs.
Among theMUFAs, oleic acid (C18:1,OA) is themost preva-
lent, constitutingaround90%of theMUFAs inhumanmilk.
OAalso has the highest percentage share in the total pool of
FAs in milk. In contrast to saturated acids and MUFAs,
LCPUFAs constitute only 14–17% of the pool of FAs in
human milk. Among LCPUFAs, the precursor of the n-6
family, linoleic acid (C18:2n-6; LA) dominates,with around
10% of the pool of FAs in milk. The total amount of its
mostly twenty or more carbon derivatives, including AA,
does not exceed 1.5%. In the n-3 family, the precursor from
thisgroup,α-linolenic acid (C18:3n-3;ALA)alsodominates.
However, the amount is 10 times less than LA, at around
0.7–0.9%.Meanwhile, the total amounts of twenty ormore
carbon derivatives (including EPA and DHA) is around the
0.5% mark. Analysis of changes in the amounts of FAs
between colostrum and mature milk in terms of the
healthyappropriate forgestational agebabies (AGA), shows

Figure 1. Structure of the milk fat globule membrane. Triacylglycerols
form lipid droplets in the endoplasmic reticulum of the mammary
gland, where they are surrounded by a single layer of polar lipids.
These intracellularly formed structures move to the apical surface of
the mammary epithelial cells where they pass through the membrane
into the alveolar lumen and milk plasma. As a result of passing
through the cell membrane, the droplets are additionally surrounded
by a double lipid layer created in the apical plasma membrane.

�2020 Hogrefe Distributed under the Hogrefe Int J Vitam Nutr Res (2022), 92 (3–4), 280–291
OpenMind License (https://doi.org/10.1026/a000002)

Rafał Bobiński & J. Bobińska, Fatty acids in milk 281



differences in two groups of FAs (Table 1). The first are sat-
urated acids with a carbon chain length of C10–C12. Their
presence in the pool of FAs inmaturemilk increases signif-
icantly in relation to colostrum by 100–110% for C10, and
by almost 50% for C12. The second group are LCPUFAs
and their precursors (LA and ALA). The amount of LA and
ALA increases inmaturemilk, while the amount ofmetabo-
lites decreases, compared to that observed in transitional
milk to approximately 60–65% for AA, and 50% for DHA.
These percentages are average values obtained on the basis
of analysis of tests on human milk from various locations
around the world. Detailed analysis of the FA profile for
selected populations, however, reveals differences in the
amounts of individual FAs. The greatest discrepancies in
the composition of FAs are seen between highly developed
countries such as theUSA andwesternEuropean countries,
and African countries [20, 29, 31–34]. The amount of fat in
milk also changesdependingon the stageof feedingand the
time of day. In foremilk, the fat content is at the level of 2%,
while in hindmilk the amount rises to6%[35, 36]. Through-
out the day, the amount of fat rises and then falls at night.
The reasons for the increase in fat content during breast
feedingstageshavenotbeenexplained.Onepossibility sug-
gested is that fat globules attach to the alveolar surface and,
during breastfeeding, the morphology of the lactocyte and
the shape of the alveolus change resulting in a decrease in
the available surface. This, together with the greater shear
forces generated towards the end of the feeding session,
leads to the secretionofmore fat globuleswithmilk towards
the end of the feed [28, 37].

Influence of the mother’s diet on the
composition of FAs in milk

During intrauterine development, and in the firstmonths of
life, a child’s nutritional requirements undergo significant
changes depending on the age of the foetus/child and its
health. Thewealth of nutrients in awoman’s diet, in combi-
nation with the biodiversity of FAs contained inmilk, make
understanding the biochemical mechanisms responsible
for the synthesis of milk FA extremely difficult. As a result
of evolution [6], a woman’s body has created adaptive
mechanisms that adjust the composition ofmilk FAs to suit
the state of health and nutritional needs of the child. These
mechanismsgo someway to creatingabufferwith regard to
dietary shortages experienced by pregnant/breastfeeding
women [6, 15], and optimise the composition of milk FAs
depending on the age of the pregnant woman, birth weight,
the efficiency of the placenta during pregnancy etc. [16]. In
particular, however, the composition of human milk FAs
depends on three factors: endogenous biosynthesis in the
mammary gland [16, 38], the release of FAs from tissue
deposits laid down during pregnancy [17, 39], and most
importantly – the current diet of the breastfeeding mother
[20, 40]. According to “Dietary guidelines for Americans”
(2005 U.S. Department of Health) and European Food
Safety Authority fats should constitute about 20%–35% of
calories consumed [41,42]. In linewith current recommen-
dations and expert opinions, FAs should be a key compo-
nent of the diet of feeding mothers. The diet should
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Figure 2. Fatty acids in mother’s milk. The results are expressed as a percentage (% wt/wt) of all FAs detected. MUFA (Monounsaturated fatty
acids), MCFA (Medium chain fatty acids), LCPUFA (Long chain polyunsaturated fatty acids), Linoleic acid (C18:2 n-6; LA), α-linolenic acid (C18:3
n-3; ALA), Arachidonic acid (C20:4 n-6; AA), Eicosapentaenoic acid (C20:5 n-3; EPA) and Docosahexaenoic acid (C22:6 n-3; DHA).
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contain an appropriate amount of FAs and substances nec-
essary for their biosynthesis such as carbohydrates for
example, but also components that regulate the activity of
enzymes participating in FA metabolism. Furthermore,
the composition of the milk is also affected by non-meta-
bolic factors such as the socio-economic status of women
[31, 43], their lifestyle, and their dietary habits [44–46].
These factors differ greatly between populations, princi-
pally between oriental and occidental [47, 48].

To satisfy a child’s growth and metabolic needs, a suffi-
cient supply of EFAs such as LA and ALA, n-3 and n-6

FAs, such as DHA, and AA, as well as MUFAs and medium
chain fatty acids (MCFAs) are necessary. There is a partic-
ular need for LA, ALA and their derivatives AA and DHA
in the first six months of life. This is the period of the most
dynamic development of a child’s nervous system, and
the above-mentioned FAs play the role of main building
blocks. The intensity of metabolic processes at this stage
is sohigh that satisfying theneedsof thechildarea real chal-
lenge for themother’s body.Thebrain at this time reaches a
mass that is half that of an adult’s brain [49–51]. Newly
formed nerve cells needs large amounts of LCPUFAs,

Table 1. Fatty acids in transitional milk and mature milk. The results are expressed as a percentage (% wt/wt) of all FAs detected. FA – fatty
acid, AGA – appropriate for gestational age, PTB – pre-term birth, SGA – small for gestational age. TM – transitional milk, MM –mature milk. More
important fatty acids are in bold: capric acid (C10:0 CA), lauric acid (C12:0 LAA), myristic acid (C14:0 MA), linoleic acid (C18:2 n-6; LA), α-linolenic
acid (C18:3 n-3; ALA), γ-Linolenic acid (C18:3 n-6; GLA), Arachidonic acid (C20:4 n-6; AA), Eicosapentaenoic acid (C20:5 n-3; EPA) and
Docosahexaenoic acid (C22:6 n-3; DHA). The most important fatty acids discussed in the publication are marked in bold.

AGA PTB SGA

FA (%wt/wt) TM MM TM MM TM MM

C10:0 (CA) 0.353 0.725 0.399 0.958 0.461 0.894

C11:0 0.000 0.012 0.000 0.011 0.000 0.005

C12:0 (LAA) 2.307 3.395 2.811 4.849 2.698 4.485

C13:0 1.291 0.839 0.959 0.040 0.331 0.031

C14:0 (MA) 6.139 6.468 7.092 7.196 7.753 8.224

C14:1 0.258 0.373 0.254 0.382 0.234 0.283

C15:0 0.295 0.360 0.273 0.339 0.284 0.263

C15:1 0.084 0.069 0.095 0.086 0.069 0.079

C16:0 23.611 23.363 23.328 22.721 22.401 21.264

C16:1t 0.609 0.497 0.578 0.448 0.517 0.436

C16:1C 2.966 3.148 2.753 3.090 3.084 2.969

C17:0 0.268 0.319 0.283 0.265 0.239 0.192

C17:1 0.180 0.259 0.163 0.168 0.135 0.167

C18:0 5.843 6.289 5.761 5.689 5.576 6.316

C18:1t 0.763 0.000 0.406 0.000 0.773 0.000

C18:1C 39.928 38.877 39.759 38.784 40.502 40.108

C18:2n6 (LA) 9.260 10.085 9.250 10.443 9.751 9.651

C18:3n6 (GLA) 0.058 0.111 0.076 0.103 0.092 0.074

C18:3n3 (ALA) 0.747 0.889 0.779 0.895 0.697 0.953

C20:0 0.225 0.300 0.242 0.204 0.217 0.239

C20:1 0.802 0.567 0.793 0.346 0.717 0.319

C20:2 0.383 0.237 0.344 0.265 0.333 0.182

C20:3n6 0.460 0.355 0.504 0.376 0.441 0.285

C20:4n6 (AA) 0.745 0.543 0.745 0.549 0.673 0.486

C20:3n3 0.088 0.055 0.090 0.054 0.069 0.037

C22:0 0.113 0.092 0.126 0.093 0.105 0.068

C22:1 0.189 0.160 0.194 0.096 0.154 0.117

C20:5n3 (EPA) 0.086 0.105 0.103 0.078 0.080 0.064

C24:0 0.248 0.101 0.235 0.118 0.216 0.094

C24:1 0.212 0.069 0.220 0.043 0.175 0.020

C22:5n3 0.223 0.156 0.217 0.141 0.197 0.148

C22:6n3 (DHA) 0.429 0.361 0.450 0.337 0.391 0.392

C23:0 0.067 0.030 0.066 0.047 0.075 0.016

C22:2 0.171 0.063 0.167 0.059 0.163 0.063
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especially DHA, in order to maintain the process of synap-
togenesis. The synapses proliferate logarithmically at a rate
of 40,000 per second [51, 52] and are particularly rich in
DHA, which constitutes 35% of the pool of acids present
in phospholipids containing serine and ethanoloamine
[53, 54]. Phospholipids containing DHA and serine are of
particular importance. They are found mainly in the inter-
nal cell membranemonolayer, where, apart from function-
ing as building blocks, they play the role of membrane
enzyme cofactor, affecting, amongst others, the activation
of protein kinase C, which participates in the transmission
of signals. They also contribute to an increase in the activity
of the sodium-potassium pump [55–57]. Stimulation of the
above-mentioned mechanisms contributes to the develop-
ment of cognitive parameters [58], an increased resistance
to stress, and a lower susceptibility to depression [59], as
well as many other beneficial effects. In contrast to adults,
themajority of infants cannot synthesise enough LCPUFAs
from EFA [60]. The mother’s milk remains the principal
source of these FAs for the child. Research has shown that
a mother’s consumption of EFAs correlates positively with
theamountof theseacids inhermilk [17,61].However, only
part of the EFA consumed passes directly into themilk. The
remaining part is deposited in tissues (mainly fat tissues),
and is used for LCPUFA synthesis and also converted into
CO2 [62, 63]. Studies using EFA marked with the carbon
isotope C13 demonstrated that around 30% of the LA pre-
sent in the milk is directly transferred from the diet [39,
63]. The rest comes from body stores accumulated by the
mother, mainly in fat tissue (Figure 3). The proportion of
ALA in the mother’s milk derived directly from the diet is
65% [64]. Both LA and ALA originating in the diet undergo
conversion to the derivatives n-3 andn-6, but theALA com-
ing from the body stores and contributing to the milk ALA
seems to be much lower than the contribution of stored
LA to milk LA. Supplementing ALA while breastfeeding
does not increase the amount of DHA in the mother’s milk
[65, 66]. It was observed, however, that supplementing the
mother’s diet with ALA from the sixth month of pregnancy
until the sixthmonthof lactation resulted in a three- to four-
fold increase in DHA in her milk, but only in the first three
months of lactation. No further effect of ALA supplements
onDHA levels were found inmonths four to six of lactation
[67]. The lack of correlation between ALA in the diet and
DHA in themilk is primarily the result of the human body’s
lowefficiency inconvertingALA into longchainFAs suchas
EPAorDHA [68].Only 2%–10%ofALA is transformed into
EPA and DHA [69]. Other authors suggest that around 7%
ofALAsare converted intoEPAandonly0.013%intoDHA.
Studies have shown that excessive supplements or intake of
EFAs by themother are not beneficial for the child’s organ-
ismas this (in particular LA) can lower the percentage ofAA
in themilk, and, in the case ofDHA, even reduce the level to

just trace amounts. Metabolic suppression is linked to the
common metabolic pathway of n-3 FAs and n-6 FAs in the
processes of desaturation and carbon chain extension.
The reactions are catalysed by two desaturases: Δ-5 and
Δ-6. If the diet of a pregnant woman is abundant in fish
and seafood, the increased amount of EPAs may – through
inhibition ofΔ-5desaturase – slow the creation of AAand its
derivatives [70–72]. If the maternal diet is rich in plant oils,
such as sunflower-seed oil, safflower oil or corn oil, which
contain large amounts of LA, then fewerDHAare produced
fromALA as a result of Δ-6 desaturase inhibition leading to
decreased EPA biosynthesis. The imbalance between diet-
ary n-3 and n-6 FAs may lead to structural changes in cell
membranes inwhich thecompositionofLCPUFA lipid frac-
tion is dependent on the current LCPUFA concentration in
maternal blood. To satisfy the needs of the child, the
mother’s correct intake of DHA ismore important. Clinical
studies conducted in Greece, the USA, Korea and China
have confirmed the positive or strongly positive correlation
between amounts of DHA in a breastfeeding mother’s diet
and the amount ofDHA in hermilk [17,68, 73–80]. The rec-
ommended adult dose for both EPA and DHA together is
500 mg/day [81]. Studies have shown that intake of these
FAs, especially DHA, varies. This is partly due to the geo-
graphical region and the availability of a suitable diet rich
in such foods as fish and seafood.Women living in an inland
area, for example, have an intake of 30mg/day, while in a
coastal area it was 180 mg/day [46] (Bangladesh 30
mg/day [82], Sudan 33 mg/day [83], New Mexico 47
mg/day [84], Sweden 120mg/day [17], Poland 160mg/day
[85], Canada 186mg/day [86]). The ratio of n-3 family FAs
to n-6 family FAs in a mother’s diet may influence the
stimulation or suppression of physiologically important

Figure 3. The source of essential fatty acids in mother’s milk. ALA – α-
linolenic acid, LA – linoleic acid.
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processes in the body (proliferation, infections, activity of
transcription factors, susceptibility tomutagenesis, apopto-
sis etc.) [74, 87]. It is considered that this ratio should be 1:5.
In contemporarydiets it is 1:20. The increase in thepercent-
age of n-6 is caused principally by worldwide changes in
dietary habits (the so-called western diet), leading to a
decrease in the consumption of DHA and an increase in
the proportion of AA in the diet [87, 88]. Amongst breast-
feeding Korean women, for example, DHAs are currently
0.67% of the total FAs, while twenty years ago the figure
was 0.96% [75, 89].

From the perspective of the physical needs of the child,
the second important group of FAs present in the milk are
MCFAs, mainly 10:0, 12:0 and 14:0. These FAs stabilise
the bacterial flora in the child’s digestive tract [90, 91],
and affect the acylation and mirystosylation of protein
[92, 93]. They are also subject to quick oxydation and do
not accumulate in fat tissue [94, 95], and, moreover, they
strengthen the conversion of EPA into DHA [92, 96, 97]
and fulfil a wide range of other important functions [98].
Dependingon the typeofmilk (colostrum, transitionalmilk,
maturemilk) theymakeupbetween4%and27%of the total
FAs in the milk [15, 99–103]. Most MCFAs are synthesised
by the mammary gland from carbohydrates [104–106]. A
diet rich in carbohydrates increases the concentration of
MCFAs in the milk. This is due to the increased availability
of carbon skeletons derived from carbohydrates, which are
necessary for the synthesis ofMCFAs. The amount ofC8:0-
C14:0 in the milk is also significantly higher when the
mother consumes a low-fat diet [107]. Biosynthesis of
MCFAs in the mammary gland, especially C10:0 and
C12:0, increases in women who gave birth before their
due date and in women who gave birth to a small for gesta-
tional age (SGA) child at theduedate [16]. It is not clearwhy
this occurs. It has not been ruled out that this may be a type
of placental ‘programming’ of thewoman’s body to provide
milk suited to the child’s needs. MCFAs appear to be a par-
ticularly good energy substrate due to the ease with which
they pass through the mitochondrial membrane.

Metabolism and the role
of human milk FAs

Longchain saturatedFAsandLCPUFAsare sourcedmainly
in themother’sdiet and fromtissuedeposits,where theyare
synthesised from the necessary precursors such as LA and
ALA [108]. Although there is evidence for the presence of
the appropriate desaturase and elongase in the mammary
gland, which are enzymes responsible for the formation of
n-3 andn-6derived from the necessary precursors, the abil-
ity of themammary gland to biosynthesise FAs from the n-3

and n-6 families has not as yet been confirmed [20, 109].
MCFAs are synthesised in themammarygland, fromwhere
they are secreted into the milk as TAGs. Complex TAGs
from these FA are preferentially hydrolysed by the child’s
tongue and stomach lipase. During this process, free
MCFAs are released, which are then quickly absorbed in
the child’s stomach and become one of the energy sources
for this organ [110]. The unhydrolysed TAGsmove into the
small intestine, where they undergo further degradation
under the action of pancreatic lipase. The next portion of
MCFAs, released as a result of hydrolysis, are absorbed in
unesterified form directly from the intestine into the circu-
latory system. A small proportion of these can be trans-
ported to the liver in the traditional manner, as
chylomicrons. From the liver, the MCFAs are distributed
around the child’s whole body in the form of lipoprotein.
After entering the cells, these FAs become ideal energy
material. In the mitochondria, they undergo β-oxidation
and release large amounts of energy in the form of adeno-
sine triphosphate (ATP). This process is more energy effi-
cient than β-oxidation of long chain acids as during the
entry of the MCFAs into the mitochondrium, the carnitine
transporter and the accompanying burning of ATP mole-
cules are not required and this is valuable for the newborn
child. Newborn babies’ requirement of MCFAs, which like
carbohydrates are a quickly available source of energy
[111], varies depending, first and foremost, on the state of
health of the newborn child. Studies have shown that the
amount of MCFAs is higher both in colostrum, transitional
milk andmaturemilk inmothers who either gave birth pre-
maturely, gave birth to children with intrauterine growth
restriction (IUGR) characteristics, or gave birth to SGA
babies [30]. It has also been shown that the percentage of
MCFAs in themilk is higher when the degree of immaturity
of the newborn child is greater and/or the child’s weight, in
relation to gestational age, is lower [30, 112]. The question
remains, however, as to what the cause of the above-
mentioned changes in the composition of the FAs in milk
is, and, in particular, the increase in the content of their
medium chain forms. Some authors point to the metabolic
immaturity of mammary glands in mothers of the groups
of newborn babiesmentioned above. According to this the-
ory, the shortened gestational period and the impaired
activity of the placenta influencing foetal hypotrophy, are
factors that slow themammaryglandsdown in reaching full
metabolic efficiency in terms of biosynthesis and secretion
of milk. More probable would seem to be the theory of the
existence of a mechanism regulating or adjusting the com-
position of the mother’s milk to the current needs of the
child [12, 113–115]. This is probably a type of genetically pro-
grammed adaptation of the woman’s body to produce and
secrete milk of a composition appropriate to the age and
state of health of the child [11, 114, 116]. It is possible that
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this mechanism is gradually programmed during preg-
nancy by the hormonal activity of the placenta, which con-
trols the transfer of FAs from the maternal to the foetal
bloodcirculation [114, 115]. It is probable that at birth, or just
before, themammary glandmetabolic profile inmothers of
premature babies or children bornwith hypotrophy charac-
teristics are programmed for the first weeks of lactation.
There are more rapidly assimilable MCFAs present in the
milk, and these optimise the process of energy production
in these babies in the formofATP, thus ensuring the correct
functioning of basic biochemical processes in the not yet
fully metabolically developed child’s organism.

The next important group is LCPUFAs. These FAs are
probably not synthesised by the mammary glands, even
though the glands have some desaturases and elongases
responsible for the lengthening and desaturation of FAs.
LCPUFAs comemainly from current intake, in other words
they are released from the TAGs in the intestines as chy-
lomicrons that are transported to the liver, fromwhich they
are subsequently transported to the mammary glands as
very-low-density lipoproteins (VLDLs). The second source
of these is systemic biosynthesis from the necessary 18-car-
bon precursors, which takes place principally in the liver.
The third source is fat tissue from where LCPUFAs can be
released and transported to the mammary glands as non-
esterified FAs in combination with albumin [20, 101, 117].
During lactation, the mammary glands release LCPUFAs
from circulating lipoprotein fractions with the participation
of the lipoprotein lipase within the glands. Meanwhile, the
activity of lipoprotein lipase in the tissue also changes. In
fat tissue, this activity decreases significantly and, thanks
to this, the uptake of FAs by adipocytes is reduced. A differ-
ent phenomenon is observed in the mammary glands, in
which the activity of lipase increases, enabling an increased
uptake of LCPUFAs and their secretion into the milk [20].
Among the almost 170 FAs found in milk, there are a few,
which bear the most responsibility for a child’s correct
development, subject to their correct metabolism in the
mother’s body and correct supply in the milk. These acids
include n-6 and n-3 family precursors, respectively LA,
ALA and their derivatives, AA (n-6), EPA (n-3) and DHA
(n-3) [120]. During pregnancy, there is already an intense
accumulation of these acids in the foetal tissue, transported
to the foetal circulation using specific LCPUFA transport
systems [8]. As a result of these processes, the amount of
some LCPUFAs such as DHA and AA in the foetal tissues
is 20 or 30 times greater than in the mother’s tissues [11,
12]. Just after birth, as a result of intense metabolism and
an increase in the child’s weight, these reserves start to
quickly diminish. The only source remains the mother’s
milk. Irrespective of the milk secretion stage (colostrum,
transitionalmilk,maturemilk), the proportion of long chain
acids and their polyunsaturated forms is relatively constant.

Even prematurity and low birthweight, irrespective of their
cause (SGA, IUGR), have a relatively limited effect on the
percentage of these acids in the milk. Such conclusions
can be drawn on the basis of analysis of many authors’
research results [29,30,32, 116].However, there aregroups
ofFAswhoseamount in themother’smilkundergoes signif-
icant changes during pathology of pregnancy or in the case
of illness or deficiencies in breastfeeding women. These
include LCPUFAs,MCFAs andMUFAs, whosemain repre-
sentative is gadoleic acid (C20:1) [16].

Microbiota and fatty acids
of human milk

The neonatal period represents a critical time inmammalian
lifewith respect to the nutritional programming of gutmicro-
biome and the immunity required to respond to infectious
and other diseases, like intestinal diseases. These processes
can broadly be called microbial programming of the infant
immune system. To a large extent they are controlled by
FAs but understanding the interrelationship between FAs
and the functioning of the system is extremely difficult due
to the variety of FAs found in breast milk. One of the most
important groups of FAs are MCFAs. An increase in their
concentration was observed in the milk of the mothers of
premature babies and in SGA and IUGR babies [16, 116].
These FAs influence the activity of the child’s immature
immune system –mainly in terms of bacteriostatic and bac-
tericidal activity. The particular structure of MCFAs enables
them to pass relatively easily into the cell in an undissociated
form, and to then undergo dissociation.This dissociation dis-
turbs the delicate pH balance inside the bacteria. In an
attempt to maintain a neutral pH, the bacteria cell starts to
use large amounts of ATPs in order to maintain a correct
acid-alkaline balance [90, 91]. As a result, the excessive sup-
ply of ATPs limits and finally stops othermetabolic processes
within the bacteria (e.g. synthesis of proteins), ultimately
leading to its death [118, 119]. The activity described above
has been observed mainly in the intestines, both in people
and in animals, in whom MCFAs inhibit the development
of gram-positive and gram-negative bacteria [120]. It has
also been observed that anti-bacterial activity is reduced
together with the lengthening of the MCFA carbon chain
[118]. The inhibiting properties of MCFAs are now quite well
described with regard to Clostridium, Salmonella, Heli-
cobacter and Escherichia coli [90, 91, 110] including Enter-
opathogenic Escherichia Coli (EPEC) which is responsible
for fatal diarrhoea in infants [121]. High activity of MCFAs
has also been shown to inhibit the herpes simplex virus,
which, because of diarrhoea, is responsible for over
200,000 infant deaths annually worldwide [122].
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In the case of the latter bacteria, high activity is shown
principally by saturated lauric acid (C12:0 LAA) and med-
ium length monoacylglycerols – esters in which only one
hydroxyl glycerol group is substituted with a FA. LAA also
increases the conversion of EPA to DHA [98], which limits
the involvement of AA in the formation of pro-inflamma-
torymoleculesandpromotesan increase in thebiosynthesis
of anti-inflammatory molecules of which DHA is a precur-
sor. It hasbeenproved, for example, that n-3 (DHA) reduces
the production of inflammatory endotoxin-stimulated
cytokines [123, 124]. In addition, it reduces the activation
of NF-κB [125], inhibits the migration of immune cells
towards chemoattractants such as leukotriene B4 and bac-
terial peptides [126–128] and lowers the expression of intra-
cellular molecule 1 on stimulated monocytes [129].

Conclusion

To conclude, the composition of FAs in a woman’s milk
depends onmany variables which shape themetabolic pro-
file of maternal-placental-foetal changes, both in preg-
nancy and during lactation. These are the result of
millions of years of evolution in mammals, during which
milk became the sole source of natural nutrition for off-
spring in the first weeks of life. Milk is unique in its compo-
sition and the supramolecular structure of the compounds
found within it. Of particular importance is the presence
of fat globules rich in FAs andother compounds responsible
for processes such as energy, growth and immunity. The
composition of milk FAs is not constant. It depends on the
type of milk, the secretion stage, the diet of the breastfeed-
ing mother and the pregnancy. Differences in the amounts
of various FAs in the milk indicate that a woman’s body is
probably adapted evolutionarily and genetically to the
biosynthesis of milk with a composition adjusted to the
needs and state of health of the child.
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