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1 Introduction 

Research on the physiological and food chemistry of fatty acids as 

compounds extends back a long way. In 1848, Arthur Görgey identified the 

fatty acid components of coconut oil. As early as 1929, the Burr couple 

demonstrated the essentiality of dietary fats in small animal experiments. By 

completely eliminating fats from the diet for a few months, they induced a 

new deficiency disease in rats, which caused tail death. This was easily 

prevented or cured by adding 2 percent (3 drops) lard to the animal’s diet. In 

the following year, they were also able to demonstrate the vital need for a 

specific fatty acid, n-6 linoleic acid (C18:2n-6). 

In the middle of the last century, infants fed with infant fed formula (IFF) 

containing fats of various origins were reported to have essential fatty acid 

(EFA) -deficiency disease, which was reversed by C18:2n-6 supplementation 

(2 % calorie). Intravenous fat-free feeding also caused biochemical changes 

similar to oral feeding in infants, which were reversed by standard IFF 

containing both C18:2n-6 and α-linolenic acid (C18:3n-3). This supports the 

view that C18:3n-3 is solely sufficient as a source of n-3 polyunsaturated fatty 

acid (PUFA) in infants, which is not contradicted by the suggestion that 

docosahexaenoic acid (C22:6n-3) may be conditionally essential for very low 

birth weight preterm infants. 

Taking into consideration the complex metabolism of fatty acids, the 

following flowchart (Figure 1) is a simplified and summarized metabolic 

pathways of fatty acids with different carbon chain lengths and degrees of 

unsaturation from saturated stearic acid (C18:0). During metabolism, 

elongation occurs rapidly, while desaturation steps occur more slowly, and 

these steps determine the rate of metabolism (rate-determining step). All three 

discussed (n-9, n-6, and n-3) of fatty acid groups compete with the same 

enzymes during their metabolism. However, in mammals (and thus in 

humans), in the absence of Δ12- and Δ15-desaturase enzymes, members of 

different fatty acid groups cannot be converted into each other. However, the 

conversion between n-6 and n-3 long-chain polyunsaturated fatty acids 

(LCPUFA) occurs in algae, terrestrial plants, and simpler animal organisms, 

and research into these processes of potential food technology relevance is 

still ongoing. 
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Figure 1: A simplified flowchart of the formation of long-chain unsaturated fatty acids (fatty 

acids in bold are used in this paper, LCMUFA: long-chain monounsaturated fatty acids; 

LCPUFA: long-chain polyunsaturated fatty acids; EFA: essential fatty acids; *: Δ12-desaturase 

enzyme, **: Δ15-desaturase enzyme, absent in mammals) 

EFAs play different roles in nutrition. While C18:2n-6 accumulates in most 

mammalian organisms, C18:3n-3 is rarely found in tissue lipids in amounts 

comparable to those of C18:2n-6. The conversion of 18:3n-3 to n-3 LCPUFAs 

becomes less efficient in the classically accepted pathway up to 22:6n-3 

according to the order of formation of n-3 PUFAs, making 22:6n-3 the least 

efficiently formed n-3 LCPUFA in humans. Studies suggest that conversion 

efficiency decreases with increasing age in infants and becomes even less 

efficient in adults. 

Fatty acids, as constituents of various lipids, are involved in the structure 

of cell membranes and influence the fluidity of cell membranes. Membranes 

rich in saturated fatty acids are more rigid, whereas unsaturated fatty acids 

increase the fluidity of cell membranes and consequently increase the number 

of receptors and the affinity of receptors for substrates (hormones, growth 

factors, and other proteins), and can also be precursors of many secondary 

messenger molecules. C18:2n-6 plays an important role in the regulation of 

epidermal water permeability, prevents epidermal damage and excessive 

water loss. This fatty acid can also reduce serum total cholesterol and LDL 

cholesterol levels, and is also thought to have a protective effect against 
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atherosclerosis. The role of LCPUFA metabolites is made even more 

important by the fact that various prostaglandins and leukotrienes, are 

produced from dihomo-γ-linolenic acid (C20:3n-6); from arachidonic acid 

(C20: 4n-6) endocannabinoids, hydroxy, dihydroxy and epoxy derivatives, 

lipoxins, pro-inflammatory prostaglandins and thromboxanes can be 

produced; while n-3 LCPUFAs are precursors for resolvins, marezins, and 

other pro-inflammatory prostaglandins, thromboxanes and leukotrienes. 

The above-mentioned LCPUFA metabolites contribute significantly to the 

structure of neuronal membranes, accounting for approximately 20% of the 

brain’s dry matter. At the same time, the importance of long-chain 

monounsaturated fatty acids (LCMUFA), such as nervonic acid (C24:1n-9), 

is highlighted by the fact that the content of this fatty acid in total cerebellar 

white matter lipids more than doubles in breastfed infants during the first 20 

weeks of life. While C20:4n-6 and C22:6n-3 play a dominant role in the 

phosphoglycerides of human placental membranes in both preterm (PT) and 

full-term (FT) infants, C24:1n-9 accounts for more than half of the unsaturated 

fatty acids of the sphingomyelin fraction in both groups and can therefore be 

considered as a key building block in myelin membrane sphingolipids. 

Since the amount of LCPUFA in plasma lipids, red blood cell membrane 

and brain tissue of young children is strongly determined by dietary LCPUFA 

intake, the fatty acid composition of human milk (HM) has also become a 

focus of interest. 

.  
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2 Aims 

• Since our literature search did not provide daily data on the fatty 

acid composition of human milk (HM) during the very early 

stages of lactation, we aimed to investigate the fatty acid 

composition of colostrum (C) and mature human milk (MHM) 

during the first month of lactation. Therefore, HM samples were 

obtained on each day of the first week of lactation and then on 

days 14 and 28 of lactation from mothers of healthy term 

newborns. 

• In our studies we also investigated one of the classic questions in 

neonatal nutrition, whether there are differences in the fatty acid 

composition of the HM of women who gave birth to FT and PT 

newborns.  

• Many years after our original observations were reported, we re-

analysed our available data on the changes in LCMUFA 

metabolites (C20:1n-9, C22:1n-9 and C24:1n-9) in early HM. Our 

aim was to investigate the changes in these FAs, which have 

recently acquired independent physiological significance, in PT 

and FT HM samples during lactation and to determine whether 

there are differences between PT and FT HM groups. 

• C22:6n-3 is the new mandatory component of IFFs in Europe. 

The purpose of our narrative review was to summarise the data 

behind the new European mandatory dietary recommendations 

that C22:6n-3 should be added to infant formula by at least 20 

mg/100 kcal (4.8 mg/100 kJ).  



6 

 

3 Methods 

Fatty acid analysis was performed in the chromatography laboratory of the 

Department of Paediatrics of the University of Pécs, mostly by myself, 

sometimes with the help of PhD students, medical students of the 

Undergraduate Research Society, or with the support of a laboratory assistant. 

3.1 Determination of lipid content and total fatty acid composition 

of breast milk 

Although there are recommended analytical methods for the extraction of 

lipids for all food groups, they are under continuous technical evaluation, as 

the costs, extraction efficiency, toxicity, availability, and quality of the final 

product must be taken into account. A full qualitative analysis of all lipids in 

a HM sample requires more than one instrument due to the complexity of the 

sample, and the choice of instrument depends on the objectives of the study. 

3.1.1 Determination of the lipid content of breast milk samples by 

gravimetric method 

In the laboratory, all HM samples were stored in a freezer and thawed once, 

immediately before analysis.  

The lipid content of the mammary glands was determined by a slightly 

modified Folch extraction using a methanol/chloroform mixture to determine 

the chloroform soluble lipid content of the sample. 

3.1.2 Determination of the fatty acid composition of breast milk  

For the fatty acid analysis, the fatty acids were separated from the ester 

partner during transesterification and all the fatty acids were converted to 

methyl esters under acid catalysis. 

Fatty acid methyl esters were determined by split injection (ratio 1:15) 

using a high-resolution capillary column gas-liquid chromatograph (Finnigan 

9001, Finnigan/Tremetrics Inc., Tex., USA).  

A 40 m long (50% cyanopropyl)-methylpolysiloxane stationary phase 

capillary column (DB-23, J&W Scientific, Calif., USA) with a wall thickness 

of 0.25 mm and a layer thickness of 0.25 µm was used for the measurements. 

The qualitative identification of peaks on the chromatograms was based on 
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standard mixtures (Supelco FAME 37, Alles). The relative response factor 

method was used, for quantification. 

3.2 Statistical analysis  

Data were analyzed using different versions (7.5-28) of the IBM 

(Windows) SPSS (SPSS Inc., Chicago, AL) statistical software package. 

3.2.1 Changes in the fatty acid composition of breast milk during lactation 

The fatty acid compositions of the total HM samples were calculated as 

weight percent (w/w%) of fatty acids with chain lengths between 12 and 24 

carbon atoms. The data were expressed in median and interquartile range 

(distance between the first and third interquartile range), as the distributions 

did not correspond to a normal distribution, especially for fatty acids present 

in low concentrations. The results were compared using the Mann-Whitney 

test, and the significance level chosen was p < 0.05. 

3.2.2 Comparison of milk from women who gave birth to term and preterm 

newborns  

Two-way analysis of variance was performed with age at gestation and day 

of lactation as the two factors. If this test indicated a significant difference, 

comparisons between days of lactation were evaluated using a non-parametric 

Wilcoxon signed rank test, while differences between total and preterm milk 

at each time point were evaluated using a Mann-Whitney U test. 

3.2.3 Changes in the long chain monounsaturated fatty acid composition of 

breast milk during lactation  

We re-analysed the previous unpublished LCMUFA metabolites C20:1n-9, 

erucic acid (C22:1n-9) and C24:1n-9 in our HM study databases. The Mann-

Whitney U-test was used to assess the difference between groups and the 

Wilcoxon signed rank test was used to control for differences within groups. 

To get a better overview of the changes in FA composition, the data of these 

three LCMUFA were mathematically aggregated into an estimated "pooled 

LCMUFA value". A logarithmic (Ln) trend line was fitted to both PT HM and 

FT HM data for the total LCMUFA metabolites and aggregated LCMUFA 

values.  
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4 The fatty acid composition of the human milk 

4.1 Introduction 

4.1.1 The role of polyunsaturated long-chain fatty acids 

It has long been known that LCPUFA intake significantly affects the visual 

and cognitive development of infants, and the LCPUFA content of HM has 

been associated with atopic involvement in infants.  

The fatty acid composition of HM depends on a number of factors, such as 

gestational age (GA), duration of lactation, number of maternal pregnancies, 

maternal diabetes and many other factors that were only partially identified at 

the time of our studies. In addition, the contribution of LCPUFA to the fatty 

acid composition of HM shows significant variability not only between 

populations living in different locations and following different diets, but also 

between different periods of lactation in the same mother. 

The availability of LCPUFA for neonatal development depends on the 

amount of LCPUFA stored in maternal tissues at birth, the amount of 

LCPUFA intake from the diet, and the ability of the neonate to synthesize 

LCPUFA from their shorter-chain precursors. Whereas there is an ongoing 

discussion on whether synthesis of n-3 LCPUFA exclusively from C18:3n-3 

may be sufficient to meet the requirements of the human body, the vast 

majority of n-3 LCPUFA supplementation experiments during pregnancy, 

lactation and infancy have also included preformed C22:6n-3. 

While HM contains the most important LCPUFAs, including C20:4n-6 and 

C22:6n-3, many of the IFFs available at the time of our studies did not contain 

these fatty acids at all. 

Although LCPUFA-supplemented HM-replacement formulae were 

available in many countries, the need for dietary LCPUFA intake in preterm 

infants was not universally accepted. LCPUFA-supplemented HM-

substituting IFFs were considered a specialty, as witnessed by the 

significantly higher price and lack of availability of social insurance support. 

4.1.2 The role of monounsaturated long-chain fatty acids 

Not only C20:4n-6 and C22:6n-3, but also one of the LCMUFAs,  

C24:1n-9, are among the most important structural building blocks of the 

central nervous system. In their pioneering study, Babin and colleagues 
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suggested that C24:1n-9 levels in the sphingomyelin fraction of red blood 

cells could be used as an indicator of brain maturation. They reported that, 

regardless of the type of infant feeding, C24:1n-9 levels in red blood cell 

sphingomyelin lipids of PT infants (32 weeks of AG) were consistently 

elevated until the calculated term (week 37 of AG), suggesting that C24:1n-9 

is efficiently metabolised from C18:1n-9 and incorporated into membrane 

sphingomyelin. Likewise, in healthy infants born at term, serum phospholipid 

C24:1n-9 levels were significantly elevated between day 2 and 4 months of 

age, while C24:1n-9 levels in HM were significantly reduced. 

By investigating the concentrations of different fatty acids in the 

developing brain, it was detected that while the major LCPUFAs, C20:4n-6 

and C22:6n-3, showed a rapid increase in the phosphatidylethanolamine (PE) 

fraction, C24:1n-9 also increased very rapidly in sphingomyelin lipids during 

the first eight years of life, an observation that further supports the importance 

of C24:1n-9 in myelination. 

In a recent animal study, six-week administration of LCMUFA-rich plant-

based oil (total C20:1n-9 + C22:1n-9 + C24:1n-9 content about 35%) (Acer 

truncatum, Bunge seed oil) in Sprague-Dawley rats resulted in improved 

cognitive function and brain remodelling. These experimental data support a 

role for C24:1n-9 and/or its precursors in structural brain development and 

maturation of brain functions such as learning and memory. 

Studies on the composition of HM have addressed not only the possible 

developmental roles of n-3 and n-6 LCPUFAs, but also n-9 MUFAs. When 

HM samples were collected daily from eight healthy Chinese mothers 

between postnatal days 3 and 30, it was observed that not only was highest 

C24:1n-9 but also the n-9 metabolites C20:1n-9 and C22:1n-9 were the 

highest in C. After this, their contribution to HM fatty acid composition 

decreased significantly with the progression of lactation. 

We found only six studies comparing HM from mothers of PT and FT 

newborns in the first month of lactation that also reported n-9 FA metabolites 

longer than C18:1n-9, however we did not find a daily approximation of HM 

sampling. 
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4.2 Changes in the fatty acid composition of breast milk during the 

first month of breastfeeding: daily data during the first week 

4.2.1 Patients 

HM samples were collected from 18 healthy breastfeeding women residing 

in Pécs, Hungary. The study included only mothers of healthy, full-term 

infants who were not twins. Samples were collected daily during the first week 

and on days 14 and 28. 

4.2.2 Experimental results 

Age of mothers (29.4 ± 4.0 years, mean ± SD), length of pregnancy (39.1 

± 1.6 weeks), infants' birth length (51.3 ± 2.8 cm) and weight (3537 ± 528 g), 

and early psychosomatic development of the infants were in accordance with 

physiological values. Six mothers gave birth for the first time, whereas 12 

were not primiparous. Data from the food consumption frequency 

questionnaire did not show any self-limiting dietary intake, and the 

contribution of fish or fish products to the maternal diet was low. 

Values of the physiologically most important saturated fatty acid, palmitic 

acid (C16:0), showed a time-dependent decrease over the study period. Total 

saturated fatty acids (SAT) increased significantly by day 7 of lactation, while 

monounsaturated cis-fatty acids (MUFA) decreased significantly during the 

first 2 weeks of lactation. 

The n-6 essential fatty acid, C18:2n-6, was constant in HM fatty acid 

composition throughout the study period. In contrast, the values of C20:2n-6, 

C20:3n-6, C20:4n-6, docosadienoic acid (C22:2n-6), docosatetraenoic acid 

(C22:4n-6) and n-6 docosapentaenoic acid (C22:5n-6) significantly decreased 

almost daily. As a result, the total n-6 PUFA decreased significantly between 

days 1 and 4 and the total n-6 LCPUFA decreased with increasing lactation 

duration. 

The n-3 essential fatty acid C18:3n-3 showed a significant increase during 

the first 2 weeks of lactation. In contrast, significant decreases were observed 

in C20:3n-3 and C22:5n-3, while C22:6n-3 values did not decrease 

consistently during the first month of lactation. Total n-3 LCPUFA showed a 

significant decrease during the study period, whereas total n-3 PUFA 

increased significantly between days 1 and 14. 
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Linear correlation analysis revealed a significant positive correlation 

between C18:3n-3 and C22:6n-3 on day 4, but significant negative 

correlations on days 7 and 14 of lactation. During the study period, there were 

no significant correlations between C18:2n-6 and C18:3n-3 and between 

C18:2n-6 and C20:4n-6, but significant and positive correlations were 

observed between C20:4n-6 and C22:6n-3 on days 1, 5 and 6 of lactation. 

4.2.3 Discussion 

We reported a relatively low variability in the fatty acid composition of HM 

samples during the very early stages of lactation. The fatty acid composition 

of HM is influenced not only by the current diet of the lactating mother but 

also by the long-term LCPUFA status of the mother. The relatively low 

variability in early HM fatty acid composition suggests that these 

compositional data may serve as additional indicators for studying the 

effective modification of maternal LCPUFA status during pregnancy. 
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4.3 Fatty acid composition of breast milk was different in mothers 

of preterm and full-term newborns during the first three weeks 

of breastfeeding. 

4.3.1 Patients 

HM samples were collected from 18 breastfeeding mothers living in Pécs. 

Healthy mothers of singleton newborns were included. The ethics committee 

of our university approved the study protocol and all mothers were informed 

about the studies in writing. Two of the newborns born full-term were born to 

primiparous mothers, while eight were born to multiparous women. With 

regards to preterm newborns, only one had a first-time mother, while seven 

had multiparous mothers. 

There was no difference in maternal eating habits between the two groups. 

Fish consumption was generally low, with the majority of mothers in both 

groups consuming fish 1-3 times a month.  

Hand-pressing hindmilk was collected from the mothers daily during the 

first week after birth, and then on days 14, 21 and 28. 

4.3.2 Experimental results 

The age of the mothers was the same, while the gestational age differed 

significantly between the two groups (38.5 (2.7) weeks versus 28.0 (4.2) 

weeks, median, (IQR)). 

The fat content (g/L) of breast milk was not different between milk samples 

from mothers who delivered a term and a preterm newborn. SAT increased 

only in the milk of mothers with preterm newborns, whereas this value did not 

change in mothers with mature newborns with lactation progression. Total cis 

MUFA levels did not change significantly over the study period. Total trans 

isomeric fatty acids did not show any change in the milk of women with 

mature newborns during the first three weeks of lactation, but significantly 

decreased in the milk of women with preterm newborns between days 1 and 

4. 

Not only the total n-3 LCPUFA, but also the total n-6 LCPUFA decreased 

significantly in the milk of women who gave birth to both term and preterm 

newborns during the study period. 
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The amounts of SAT and MUFA were not different in the milk of women 

who gave birth to preterm and term newborns during the study period. 

Moreover, the amount of total trans fatty acids was significantly higher in 

the milk of women who gave birth to preterm infants than in that of mature 

newborns on the first day of lactation, but no difference was observed at later 

time points. Additionally, the values of essential C18:2n-6 and C18:3n-3 did 

not differ between the two groups during the study. 

In contrast, the major LCPUFAs, C20:4n-6 and C22:6n-3, were 

significantly higher in the milk of women who gave birth to preterm newborns 

than in term newborns. In addition, the levels of C20:4n-6 and C22:6n-3, 

intermediary metabolites involved in the synthesis of C20:4n-6 and C22:6n-

3, were also significantly higher in milk samples from mothers who gave birth 

to preterm than those from mothers who gave birth to term newborns. The 

total n-3 LCPUFA and total n-6 LCPUFA values were both significantly 

higher in milk samples from mothers who gave birth to preterm newborns than 

in those from mothers who gave birth to mature newborns on days 4, 7, 14 

(total n-3 LCPUFA only) and day 21. 

4.3.3 Discussion 

In our study, we found that C20:4n-6 and C22:6n-3 contributed 

significantly more to the fatty acid composition of HM in mothers who 

delivered preterm infants than in term infants. The differences were detectable 

as early as the second or third day of lactation and persisted throughout the 

study period (i.e. until day 28 of lactation). In addition, the levels of the most 

important perinatal LCPUFA, C22:6n-3, were not only slightly higher in the 

milk of mothers who delivered preterm infants than in those born term, but at 

least a twofold difference was detectable throughout the study period. 

Since the age, body mass index, parity and diet of the mothers did not differ 

between the two groups, the differences in fatty acid composition observed 

appear to be related to preterm birth.  

The less depleted maternal LCPUFA stores after a significantly shorter 

gestation period may explain the greater contribution of LCPUFAs to the fatty 

acid composition of HM after preterm delivery than after term delivery, since 

the LCPUFA content of HM is closely related to the restoration of maternal 

LCPUFA stores during lactation. 
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It would also be tempting to speculate about some adaptive mechanisms 

that may have evolved during evolution to ensure a higher LCPUFA 

requirement in preterm infants compared to term infants. However, the high 

survival rate of low-birth-weight preterm infants is a very recent development 

in human history; therefore, evolutionary changes cannot explain the 

differences observed in our study. 

4.4 Temporal change of long-chain monounsaturated fatty acids in 

breast milk  

4.4.1 Background 

There is no generally accepted classification of LCMUFA metabolites in 

the literature, with some authors classifying MUFA isomers with carbon 

numbers between 20 and 22 as LCMUFAs, while others refer to MUFA 

isomers with carbon numbers between 20, 22 and 24 as "Σ 20:1n-9, 22:1n-9, 

24:1n-9" or VLC-MUFAs. In this study, LCMUFA was used to characterize 

the total amount of metabolites with carbon chain lengths longer than  

C18:1n-9, namely C20:1n-9, C22:1n-9 and 24:1n-9. 

In our review of the literature, we did not find any daily follow-up study 

that examined the FA composition of PT and FT HM. Most studies sampled 

shorter periods, but different authors used different definitions of lactation 

stages (C, TM, and MHM). Some studies used a relatively wide sampling 

intervals, where the distribution of lactation periods was not uniform; 

however, there was a significant overlap between the ranges of the 

breastfeeding phase in the publications. 

4.4.2 Origin of the data 

Quantitative changes in this understudied family of fatty acids in HM were 

reevaluated as lactation progressed, based on previous databases from our 

research group. The newborns of mothers who gave birth to preterm infants 

did not suffer from any conditions other than those normally associated with 

preterm birth (e.g. congenital malformation, metabolic disease). In all studies, 

the mothers were aged approximately 30 years and the average maternal BMI 

was within the normal range. 

4.4.3 Experimental results 

We found a significant decrease not only for the three individual LCMUFA 

metabolites, but also for the calculated total LCMUFA values (Figure 2) with 
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increasing duration of lactation. For each monounsaturated fatty acid  

(C20:1n-9, C22:1n-9 and C24:1n-9), the highest values were found in C, 

followed by decreasing values in transitional milk (TM) and MHM. 

 

Figure 2: Contribution of total long-chain monounsaturated fatty acids (LCMUFA) to the fatty 

acid composition of breast milk from mothers who gave birth to full-term (n = 10) and preterm (n 

= 8) infants (*: indicates a significant difference between full-term and preterm milk, Mann-

Whitney U test, p < 0.05) 

 

4.5 The role of docosahexaenoic acid in infant formulae: a 

narrative review 

4.5.1 Docosahexaenoic acid: a new mandatory ingredient in infant formulae 

in Europe 

C22:6n-3 supplementation for healthy infants is regulated by the European 

Union (EU) in the form of a mandatory food composition regulation, so all 

infant formulae and follow-on formulae available and purchased in the EU 

must contain at least 20 mg/100 kcal (4.8 mg/100 kJ) and no more than 50 

mg/100 kcal (128 mg/100 kJ) of C22:6n-3. Therefore, C22:6n-3 has become 

a mandatory nutrient ingredient in complementary foods, along with vitamins, 

trace elements, essential amino acids and EFAs.  

4.5.2 Literature overview on docosahexaenoic acid in infant feeding 

The PubMed database contains more than 18,000 articles on C22:6n-3, 

including more than 1800 randomised controlled trials (RCTs). If we limit the 
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search to articles potentially related to infant feeding - search term: 

"docosahexaenoic acid with (infant or human milk or formula)" - we can 

identify nearly 2,000 articles, including more than 400 RCTs (about 20%), 

and concluding that this metabolite is the core interest of several ongoing 

clinical trials. 

4.5.3 Docosahexaenoic acid in infant formulae 

The most important medical priority in infant feeding is to protect, support 

and promote breastfeeding. Efforts to modify the composition of IFF are 

justified only if (a) there is an unavoidable need to use IFF, and (b) the 

modification will have a positive effect on the growth and development of 

infants fed IFF or will prevent an adverse health outcome. 

4.5.3.1 The contribution of infant formula to the feeding of term infants 

The World Health Organisation (WHO) and the United Nations Children's 

Fund recommend that children should be breastfed within the first hour of 

birth and exclusively breastfed for the first 6 months of life - which means 

that they should not be given any other food or fluids, even water. However, 

according to the WHO's current official public database, only 48% of babies 

aged 0-5 months worldwide are exclusively breastfed. 

Between 2005 and 2019, the retail sales of all standard milk formulae 

increased by 54.5% to 10.8 kg/child in 77 different countries, compared to 

17.8% to 29 kg/child in the 24 European countries included in this database. 

Unfortunately, infant formula is a common source of nutrition for healthy 

full-term infants worldwide, particularly in Europe. In addition to the primary 

goal of protecting, supporting and promoting breastfeeding, improving the 

nutrient composition of infant formulae can serve as a secondary, 

complementary goal in supporting infant growth and development. 

The data presented also clearly indicate that infant formulae are an 

important source of nutrients for healthy, mature infants. Therefore, research 

to improve the nutrient composition of infant formulae may be warranted. 

4.5.3.2 The impact of docosahexaenoic acid in infant formulae 

According to a Cochrane review, 4 of the 9 studies that examined visual 

acuity reported positive effects, while the remaining 5 did not. Of the 11 

studies that examined neurodevelopmental outcomes, 4 of them reported 

positive effects, while the remaining 7 did not. No beneficial or adverse effects 
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of supplementation were reported in 13 studies that measured physical 

growth. A meta-analysis of five RCTs showed that the supplemented group 

had lower body weight but not height or head circumference at 12 months of 

age, while there was no difference at 18 months of age. The authors of the 

Cochrane review concluded that “Most of the included RCTs reported no 

beneficial effects or harms …” and “Routine supplementation of full-term 

infant milk formula with LCPUFA cannot be recommended this time”. 

RCT studies have identified a variety of genetic, environmental, dietary and 

methodological factors influencing the efficacy of C22:6n-3 supplementation 

of formula for FT infants, which makes it understandable why no high-level 

evidence has been found to date and suggests that such evidence is unlikely 

to presented in the near future. 

4.5.4 Current considerations for docosahexaenoic acid in infant formulae 

The regulatory inclusion of C22:6n-3 in the FA formulation of infant 

formulae in Europe was preceded by three scientific opinions of the European 

Food Safety Authority (EFSA), which considered C22:6n-3 a conditionally 

essential FA for infants and established an adequate intake of 100 mg per day 

for infants aged 7-24 months. The observed intake of C22:6n-3 from HM and 

an intake of 100 mg C22:6n-3 per day were both considered adequate for the 

majority of 0–6-month-old infants. They also reviewed the available data on 

the effect of adding C22:6n-3 to the HM-replacement formula on various 

health outcomes and concluded that C22:6n-3 should be added to the HM-

replacement formula. Indeed, the lack of evidence for adverse effects may 

further support the recommendation. 

The recommendation for the mandatory inclusion of C22:6n-3 in infant 

formula is currently the focus of scientific attention in Europe, mainly because 

there is no clear opinion on the inclusion of the biologically most important 

n-6 LCPUFA, C20:4n-6, in infant formula. As the Regulation states, "Other 

LCPUFAs (20 and 22 carbon) may be added". As C20:4n-6 also appears to be 

necessary for optimal neurodevelopment, it is currently under debate whether 

formulae for mature infants should contain C20:4n-6 in addition to C22:6n-3. 

The mandatory inclusion of C22:6n-3 in IFFs has also raised the question of 

the optimal intake level of the classic n-6 EFA, C18:2n-6. C20:4n-6 alone is 

more effective in preventing clinical symptoms of EFA deficiency than 

C18:2n-6. Moreover, it has very different biological functions compared to 

C22:6n-3; however, the majority of studies include both C22:6n-3 and 
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C20:4n-6, when testing for the enhancement of C22:6n-3 specifically. 

Maintaining an appropriate balance of C22:6n-3 and C20:4n-6 in the formula 

of preterm infants is an established goal, but the optimal composition of the 

supplements has yet to be determined.  
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5 Summary 

There were previously no daily data on changes in FT HM fatty acid 

composition in the very early stages of lactation, and limited data series were 

available over the first few weeks of lactation. In our study, we reported a 

decreasing proportion of n-3 and n-6 LCPUFA metabolites in the process of 

conversion to C MHM. We also found a significant positive correlation 

between the values of the two most important LCPUFA, C20:4n-6 and 

C22:3n-6, during the early lactation period. For dietary recommendations, 

these observations may provide further evidence for the importance of 

LCPUFA compounds, particularly C22:6n-3, in the diet of lactating mothers. 

Our studies suggest that the fatty acid composition of milk from women 

who delivered term neonates and women who delivered preterm neonates 

differed markedly not only in individual values of several n-6 and n-3 

LCPUFA metabolites, but also in total n-3 and n-6 LCPUFA at different time 

points during lactation. The decrease in LCPUFA values observed in the milk 

of mothers who have given birth to a preterm infant with advancing lactation, 

provides additional evidence for the practice of ensuring adequate LCPUFA 

supply to expectant mothers. 

Although long-chain monounsaturated fatty acids such as C24:1n-9 play a 

less obvious role in the perinatal period than C20:4n-6 and C22:6n-3, our 

results suggest a possible importance of this group of compounds in the early 

postnatal period. In our study, we found significantly higher levels of  

C20:1n-9, C22:1n-9, C24:1n-9 and total LCMUFA values in milk samples 

from mothers who delivered a preterm than a full-term newborn at almost all 

time points examined. The levels of C20:1n-9, C22:1n-9, C24:1n-9 and total 

LCMUFA values decreased significantly during lactation. To our knowledge, 

a precise description of this decrease has not been previously reported in the 

literature. 

In our review article on the overall topic of this thesis, we have described 

the role of C22:6n-3 in infant feeding and infant formula. We have also 

outlined the development process that has led to the current mandatory 

addition of the most important n-3 LCPUFA compound, C22:6n-3, to infant 

formulae in Europe. 
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