
Human milk: the gold standard
Human milk is considered the most valuable form of nutrition for 
infants’ growth and development. Human milk composition is dy-
namic, and varies within a feeding, between days, and over the 
lactation period, to match the specific infants’ needs. The major 
components (macronutrients) of human milk are carbohydrates, 
followed by fats and proteins (Figure 1) [6, 7]. Each macronutrient 
has its own important functions in the infants’ growth and deve-
lopment. The macronutrient composition of human milk varies 
within mothers and across lactation but is remarkably stable 

across populations despite variations in maternal nutritional 
status [8]. The composition of human milk is the golden standard 
for the nutritional composition of infant formulas.

Carbohydrates
Mature human milk contains approximately 7% carbohydrates, 
with the majority being lactose. Lactose, also known as milk sugar, 
is a disaccharide and consists of a galactose and a glucose 
molecule. Lactose is an important source of energy for infants. 

Macronutrients
in infant nutrition

Human milk Major components

Infancy is a period of rapid growth and development, with 
a gain of approximately 25% in height and 50% in weight. 
During this period adequate nutrition is crucial for proper 
growth and development and even has an impact on long-
term health. Human milk is known to fulfill all specific needs 
of infants during early life, it supports the maturation of the 
digestive tract and immune system and the development of a 
well-balanced gut microbiome. [1-3] Human milk is composed 
of macronutrients, micronutrients and bioactive factors.  
Macronutrients provide the primary nutritional source of 
energy, playing a vital anabolic role in building tissues and 
in infants’ growth. [4, 5] These are grouped into proteins, 
carbohydrates, and fats. Infants who cannot be breastfed are 
reliant on infant formula and the macronutrient requirements 
in infant formula are strictly regulated. This white paper 
describes the different groups of macronutrients and their 
function in infant nutrition.
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Figure 1  Macronutrient composition of human milk [3, 4]
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The enzyme that breaks down lactose is called lactase. Lactase 
activity is the highest immediately after birth and in the majority 
of the population the lactase activity declines from childhood to 
adulthood to about 5-10% of the activity at birth [9].

The second largest group of carbohydrates in human milk are the 
oligosaccharides (HMOs). They are a structurally and biologically 
diverse group of complex indigestible sugars that consist of 3-10 
monosaccharides. Currently, over 200 different HMOs are iden-
tified [10, 11] with 2’-fucosyllactose (2’-FL) as the most abundant 
human milk oligosaccharide, although this HMO is not secreted 
by all mothers. 2’-FL is also the most thoroughly studied HMO  
(for more detailed information see the whitepaper on HMOs -2’-
FL). [12, 13] Recently 2'-FL and lacto-N-neotetraose (LNnT), and HMO 
mixtures have been added to infant formula. [14-16] Other HMOs 
are currently being studied.

Carbohydrates are ascribed to have different functionalities [17-23]:
•	 Provide the infant with energy
•	 Soften the infant’s stools
•	 Assist in the absorption of water, calcium and sodium in the 

intestinal tract
•	 Assist in brain development
•	 Assist in the development of a healthy gut microbiome
•	 Antibacterial/antiviral by anti-adhesive properties
•	 Modulation of the immune system

Lipids
The main difference between lipids and fats is that lipids are a 
broad group of biomolecules whereas fats are a type of lipids. 
Fat is stored under the skin and in the adipose tissue. It is mainly 
used as an energy-storage in the body. Triglycerides, phospholi-
pids, and steroids are different types of lipids found in the body. 
The two types of triglycerides are fats and oils. [24] An example of 
how a triglyceride looks like is shown in figure 3, it is composed of 
a glycerol backbone, with 3 fatty acid chains attached to it. 

Around 98% of lipids found in human milk are in the form of 
triglycerides. Triglycerides are the main constituents of vegetable 
oils and food lipids. Examples of fatty acids are saturated fatty 
acids (SFA), that are high in butter and meat, mono unsaturated 
fatty acids (MUFA), like oleic acid, that are highly present in oils 
like olive oil, nuts and avocados, and poly-unsaturated fatty acids 
(PUFA) like docosahexaenoic acid (DHA) (see the whitepaper on 
DHA and AA), that are mainly present in fish. [25, 26]

Human milk lipids are an important component that provides 
about 50% of the energy for the infant [27]. While the mean lipid 
content in human milk is relatively stable during the course of 
the first months of lactation, there is very wide interindividual and 
intraindividual variation of milk fat concentrations. Milk lipid con-
tent tends to increase with longer duration of breastfeeding and 
varies during the course of a day. [4, 28-30] Human milk lipids pro-
vide essential fatty acids that are important for normal brain and 
eye development and absorption of the fat-soluble vitamins. The 
fatty acid profile in human milk is adapted to the infants’ specific 
needs and therefore has a unique and complex composition. [26]

Infant formulas contain a mixture of vegetable oils to meet the 
fatty acid profile requirements, especially the long chain fatty 
acids linolenic, α-linolenic acid, DHA and AA are important.  
[4, 31-34]. 

To mimic the fatty acid profile of human milk, β-palmitate (or 
OPO) a structured fat blend used in infant formula, can also be 
added, which shows positive effects on gut health, growth and 
stool consistency. [35]
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Lipids have multiple purposes for infants [4, 7, 9]:
•	 Providing the infant with energy
•	 Promoting neurological development
•	 Adequate growth 
•	 Providing cholesterol
•	 Vehicles for transport fat-soluble vitamins (Vitamin A, D, E, K)
•	 Providing long-chain polyunsaturated fatty acids (e.g. DHA)

Proteins
Proteins are large biomolecules that comprise one or more long 
chains of amino acids. There are 20 unique amino acids, of 
which 9 amino acids are essential, meaning that they cannot be 
synthesized by the human body and must be ingested via the 
diet. Proteins are the ‘building blocks’ for the body, serving as a 
source of amino acids for the development of organs, bones and 
muscle. Proteins also play an important role in cell repair, hor-
mone production, and pH balance. Protein levels in human milk 
decrease over the first 4 to 6 weeks of life, regardless of timing 
of delivery. Human milk protein concentration is not affected by 
maternal diet, but increases with maternal body weight or height, 
and decreases in mothers producing higher amounts of milk.  
[36, 37]

Human milk proteins can be broadly classified into 3 categories: 
caseins, whey proteins, and milk fat globule membrane proteins. 
Human milk is whey predominant. The ratio of whey:casein in 
human milk varies during lactation. 

The amount of casein in the first 3-4 days is very low (around 10% 
of total protein) and increases over the months of lactation. The 
ratio whey:casein in mature human milk is around 60:40 (whey:-
casein). [4, 38, 39] This specific ratio is applied in many available 
infant formulas to mimic the protein composition of human milk. 
In some countries this specific whey:casein ratio is regulated, while 
for other regions also casein-dominated formulas are allowed. 

Proteins have multiple purposes for infants [40-42]:
•	 Serving as a source of amino acids
•	 Cell repair, hormone production
•	 pH balance
•	 Improving bioavailability of micronutrients, including vitamins, 

minerals, and trace elements
•	 Supporting immunological defense
•	 Stimulating intestinal growth and maturation
•	 Shaping the microbiome
•	 Enhancing learning and memory

Conclusion
Human milk adjusts specifically to meet infant’s nutritional needs 
at every stage of their development, making it the optimal form 
of nutrition for infants’ growth and development. If breastfeeding 
is not an option, infant formula is a suitable alternative, as the 
composition has been adjusted to fulfill infant’s nutritional needs 
on macronutrients, micronutrients (vitamins/minerals) and other 
(optional) ingredients. Macronutrients have an essential role in 
optimal growth and development in early life. Human milk has 
a unique and complex composition, therefore research on the 
composition and the optimization to mimic human milk in infant 
formula is an ongoing process, which results in new ingredients 
that are investigated and regulated to add to infant formula.

Whey proteins Casein proteins
Faster digestion and absorption
"Quick absorption which provides 

infants with proteins quickly, 
necessary for growing bodies."

Fast release of nutrients
"High concentration of Branched 

Chain Amino Acids (BCAA)  
for muscle growth."

Promotes the immune system  
and protects against infections
"Rich in bioactive proteins that 
enhance immune functions."

Slower absorption and digestion
"Forms a gastric curd, resulting in a 
sustained release of amino acids, 
beneficial for infants' growth and 

development."

Slow release of nutrients
"Helps to maintain a consistent 
supply of nutrients, increasing 

the feeling of fullness throughout 
the day."

Improved solubility 
of several nutrients

"Casein is rich in calcium, which is 
essential for bone health."

Figure 5  Whey and Casein Proteins - Benefits and Differences [43-47]

Whey vs casein benefits scheme

Ausnutria acknowledges that breastfeeding is the best way to feed infants aged 0-6 months and supports prolonging breastfeeding to 24 months (two years old).

Figure 4  Protein structure

Leu Phe Set Cys

amino acids

H3N
+

H

C

CH2

C
O

O-

Peptide bond



References

Ballard, O. and A.L. Morrow, Human milk composition: nutrients and bioactive 
factors. Pediatr Clin North Am, 2013. 60(1): p. 49-74.

Walsh, C., et al., Human milk oligosaccharides: Shaping the infant gut 
microbiota and supporting health. J Funct Foods, 2020. 72: p. 104074.

WHO. Child growth standards.  [cited 2024 06-11-2024]; Available from: https://
www.who.int/tools/child-growth-standards.

EFSA Panel on Dietetic Products, N. and Allergies, Scientific Opinion on the 
essential composition of infant and follow‐on formulae. EFSA Journal, 2014. 
12(7): p. 3760.

Adhikari, S., et al., Maternal dietary intake, nutritional status and macronutrient 
composition of human breast milk: systematic review. Br J Nutr, 2021: p. 1-25.

Zivkovic, A.M., et al., Human milk glycobiome and its impact on the infant 
gastrointestinal microbiota. Proc Natl Acad Sci U S A, 2011. 108 Suppl 1(Suppl 1): 
p. 4653-8.

Lawrence, R.A. and R.M. Lawrence, Breastfeeding: a guide for the medical 
professional. 2021: Elsevier Health Sciences.

Prentice, A., Regional Variations in the Composition of Human Milk. Handbook 
of Milk Composition, ed. R.G. Jensen. 1995, San Diego: Academic Press.

Whitney, E.N., et al., Understanding nutrition. 2019: Cengage AU.

Smilowitz, J.T., et al., Breast milk oligosaccharides: structure-function 
relationships in the neonate. Annu Rev Nutr, 2014. 34: p. 143-69.

Bode, L. and E. Jantscher-Krenn, Structure-function relationships of human milk 
oligosaccharides. Adv Nutr, 2012. 3(3): p. 383s-91s.

Berger, P.K., et al., Human milk oligosaccharide 2'-fucosyllactose links feedings 
at 1 month to cognitive development at 24 months in infants of normal and 
overweight mothers. PLoS One, 2020. 15(2): p. e0228323.

Vandenplas, Y., et al., Human Milk Oligosaccharides: 2'-Fucosyllactose (2'-FL) 
and Lacto-N-Neotetraose (LNnT) in Infant Formula. Nutrients, 2018. 10(9).

Hegar, B., et al., The Role of Two Human Milk Oligosaccharides, 
2'-Fucosyllactose and Lacto-N-Neotetraose, in Infant Nutrition. Pediatr 
Gastroenterol Hepatol Nutr, 2019. 22(4): p. 330-340.

Parschat, K., et al., Clinical Evaluation of 16-Week Supplementation with 5HMO-
Mix in Healthy-Term Human Infants to Determine Tolerability, Safety, and Effect 
on Growth. Nutrients, 2021. 13(8).

Lasekan, J., et al., Growth and Gastrointestinal Tolerance in Healthy Term 
Infants Fed Milk-Based Infant Formula Supplemented with Five Human Milk 
Oligosaccharides (HMOs): A Randomized Multicenter Trial. Nutrients, 2022. 
14(13).

Andreas, N.J., B. Kampmann, and K. Mehring Le-Doare, Human breast milk: A 
review on its composition and bioactivity. Early Hum Dev, 2015. 91(11): p. 629-35.

Gridneva, Z., et al., Carbohydrates in Human Milk and Body Composition of 
Term Infants during the First 12 Months of Lactation. Nutrients, 2019. 11(7).

Falsaperla, R., et al., Human Milk Oligosaccharides and Their Pivotal Role in 
Gut-Brain Axis Modulation and Neurologic Development: A Narrative Review to 
Decipher the Multifaceted Interplay. Nutrients, 2024. 16(17).

Chen, Q., et al., Gut microbiota: A key role for human milk oligosaccharides in 
regulating host health early in life. Compr Rev Food Sci Food Saf, 2024. 23(5): 
p. e13431.

Bhowmik, A., et al., Human Milk Oligosaccharides as Potential Antibiofilm 
Agents: A Review. Nutrients, 2022. 14(23).

Zuurveld, M., et al., Immunomodulation by Human Milk Oligosaccharides: The 
Potential Role in Prevention of Allergic Diseases. Front Immunol, 2020. 11: p. 801.

Chen, Y., et al., Recent Progress in Human Milk Oligosaccharides and Its 
Antiviral Efficacy. J Agric Food Chem, 2024. 72(14): p. 7607-7617.

Panawala, L., Difference Between Lipids and Fats. 2017.

Mashek, D.G. and C. Wu, MUFAs. Adv Nutr, 2015. 6(3): p. 276-7.

Ramiro-Cortijo, D., et al., Breast Milk Lipids and Fatty Acids in Regulating 
Neonatal Intestinal Development and Protecting against Intestinal Injury. 
Nutrients, 2020. 12(2).

FAO, Fats and fatty acids in human nutrition. Report of an expert consultation., 
in FAO Food and Nutrition paper, F.A.A.O.O.T.U. NATIONS, Editor. 2008, FOOD 
AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS: Rome.

Pietrzak-Fiećko, R. and A.M. Kamelska-Sadowska, The Comparison of 
Nutritional Value of Human Milk with Other Mammals' Milk. Nutrients, 2020. 
12(5).

Kamelska-Sadowska, R.P.-F.a.A.M., The Comparison of Nutritional Value of 
Human Milk with Other Mammals’ Milk. Nutrients, 2020. 12(1404).

Petersohn, I., et al., Maternal diet and human milk composition: an updated 
systematic review. Front Nutr, 2023. 10: p. 1320560.

Brenna, J.T. and S.E. Carlson, Docosahexaenoic acid and human brain 
development: evidence that a dietary supply is needed for optimal 
development. J Hum Evol, 2014. 77: p. 99-106.

Koletzko, B., et al., Should formula for infants provide arachidonic acid along 
with DHA? A position paper of the European Academy of Paediatrics and the 
Child Health Foundation. The American Journal of Clinical Nutrition, 2019. 111(1): 
p. 10-16.

Hadley, K.B., et al., The Essentiality of Arachidonic Acid in Infant Development. 
Nutrients, 2016. 8(4): p. 216.

Lepping, R.J., et al., Long-chain polyunsaturated fatty acid supplementation in 
the first year of life affects brain function, structure, and metabolism at age nine 
years. Dev Psychobiol, 2019. 61(1): p. 5-16.

Ghide, M.K. and Y. Yan, 1,3-Dioleoyl-2-palmitoyl glycerol (OPO)-Enzymatic 
synthesis and use as an important supplement in infant formulas. J Food 
Biochem, 2021. 45(7): p. e13799.

Lönnerdal, B., Nutritional and physiologic significance of human milk 
proteins1234. The American Journal of Clinical Nutrition, 2003.  
77(6): p. 1537S-1543S.

Zhang, Z., et al., Amino acid profiles in term and preterm human milk through 
lactation: a systematic review. Nutrients, 2013. 5(12): p. 4800-21.

Kunz, C. and B. Lönnerdal, Re-evaluation of the whey protein/casein ratio of 
human milk. Acta Paediatr, 1992. 81(2): p. 107-12.

Lönnerdal, B., Bioactive Proteins in Human Milk: Health, Nutrition, and 
Implications for Infant Formulas. J Pediatr, 2016. 173 Suppl: p. S4-9.

Donovan, S.M., Human Milk Proteins: Composition and Physiological 
Significance. Nestle Nutr Inst Workshop Ser, 2019. 90: p. 93-101.

Räihä, N.C., Milk protein quantity and quality and protein requirements during 
development. Adv Pediatr, 1989. 36: p. 347-68.

Lönnerdal, B., Infant formula and infant nutrition: bioactive proteins of human 
milk and implications for composition of infant formulas. Am J Clin Nutr, 2014. 
99(3): p. 712s-7s.

Hall, W.L., et al., Casein and whey exert different effects on plasma amino acid 
profiles, gastrointestinal hormone secretion and appetite. Br J Nutr, 2003. 89(2): 
p. 239-48.

Phosanam, A., Chandrapala, J., Huppertz, T., Adhikari, B., & Zisu, B., In vitro 
digestion of infant formula model systems: Influence of casein to whey protein 
ratio. International Dairy Journal, 2021. 117: p. 105008.

Balmer, S.E., P.H. Scott, and B.A. Wharton, Diet and faecal flora in the newborn: 
casein and whey proteins. Arch Dis Child, 1989. 64(12): p. 1678-84.

Boirie, Y., et al., Slow and fast dietary proteins differently modulate postprandial 
protein accretion. Proc Natl Acad Sci U S A, 1997. 94(26): p. 14930-5.

Gridneva, Z., et al., Human Milk Casein and Whey Protein and Infant Body 
Composition over the First 12 Months of Lactation. Nutrients, 2018. 10(9): p. 1332.

1

18

19

20

21

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Ausnutria acknowledges that breastfeeding is the best way to feed infants aged 0-6 months and supports prolonging breastfeeding to 24 months (two years old).


