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ABSTRACT

Circadian rhythm, also called the biological rhythm, refers to the repetition of an
individual's 24-hour biochemical, physiological, and behavioral cycles. The sleep-
wake cycle is the most basic circadian rhythm. The hormones that play a key role
in regulating it are cortisol and melatonin. In the first years of life, breast milk plays
an important role in the formation of the circadian rhythm and helps the newborn
adapt to its new environment outside the womb. The composition of breast milk
is quite variable, and this variability provides the baby with clues about the outside
world. Breast milk secreted during the day has a high lactose content, which
provides energy for the baby, improves learning ability, and quenches thirst.
Breast milk secreted at night has a lower lactose concentration but higher fat and
melatonin concentrations. In the case of feeding with expressed milk, the time of
expression and the time of feeding should align to maintain the sleep-wake cycle.

HOW TO CITE

Yildirnm Cavak B, Mutlu H (2025) The Role of
Breast Milk in the Formation of the Newborn’s
Circadian Rhythm, Journal of Health Sciences
Institute, 10(1): 52-55

Introduction

Breast milk is the ideal food for babies. The World
Health Organization (WHO) and the United Nations
Children's Fund (UNICEF) advise breastfeeding exclusively
for the first 6 months. Breast milk protects babies from
infectious diseases and also shortens the recovery period
duringillness. In addition to its short-term health benefits,
it is also known to lower the incidence of chronic diseases
such as diabetes, cardiovascular diseases and cancer in
the long term (Italianer et al., 2020; WHO, 2023). Although
the content of breast milk varies between individuals, it is
influenced by pregnancy, birth, maternal and baby-
related factors, chronic and environmental factors, and
circadian rhythm (Moran-Lev et al., 2015; Fischer
Fumeaux et al., 2019; Kietbasa et al., 2021).

Breast Milk and Nutritional Composition

Breast milk is a unique food that meets all the energy
and nutrient needs of the newborn. The World Health
Organization (WHO) and the United Nations Children's
Fund (UNICEF) recommend that newborns be breastfed
within the first hour after birth and exclusively breastfed
for the first 6 months. Breast milk meets all of the baby’s
energy and nutrient needs in the first 6 months of life, half
or more in the second 6 months, and one-third in the
second year of life. Breast milk is clean, reliable, and
protects against many childhood diseases. It enhances
cognitive development and reduces the risk of being
overweight or obese (WHO, 2023). Breast milk contains
both macronutrients and micronutrients, such as
carbohydrates, proteins, lipids, vitamins, and minerals, as
well as growth factors, hormones, antimicrobial
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components, digestive enzymes, glucocorticoids, and
many other bioactive components (Chiurazzi et al., 2021;
Zielinska-Pukos et al., 2022). Breast milk contains 87-88%
water. The energy value of breast milk is 65-70 kcal/100
mL. The main components that contribute to the energy
value are carbohydrates, proteins, and lipids. The
carbohydrate content is 60-70 g/L, protein content is 8-10
g/L, and fat content is 35-40 g/L. The main carbohydrate
in breast milk is lactose. Oligosaccharides are also
important components of the carbohydrate content.
Casein and whey proteins (a-lactalbumin, secretory IgA
and lactoferrin) are the main proteins in breast milk. The
protein content is highest in the early stages of lactation
and decreases as time passes. The fats in breast milk are
important both for providing energy and for being integral
to the structure of the cell membrane. Long-chain
polyunsaturated fatty acids are essential fatty acids for
babies (Stam et al., 2013; Kim and Yi, 2020). Although the
content of breast milk varies between individuals, it also
varies according to the time of lactation, maternal diet,
and breastfeeding duration (Kietbasa et al., 2021).
Furthermore, the composition of breast milk can vary
even within a 24-hour period (Mitoulas et al., 2002).

Circadian Rhythm

Circadian rhythm refers to the repetition of
physiological, biochemical, and behavioral rhythms,
including the individual’s sleep-wake cycle, hunger and
satiety, secretion of hormones such as cortisol, melatonin,
and growth hormone, heat regulation, gene expression,
and metabolic systems, all occurring within a 24-hour
period. Circadian rhythm is controlled by the
suprachiasmatic nucleus (SCN) located in the anterior
hypothalamus. It can be affected by factors such as age,
gender, hormones, light, sleep, and nutrition (Kogar and
Elgioglu, 2022). The sleep-wake cycle is the most basic
circadian rhythm, with melatonin and cortisol playing
major roles. The SCN contains melatonin receptors.
Melatonin is the hormone that facilitates the transition to
sleep. Melatonin concentrations are suppressed as light
increases, increase as light decreases, and reach their
highest levels in darkness. In contrast, cortisol is released
in response to light and helps keep the body awake (Vasey
et al., 2021; Kogar and Elgioglu, 2022). The circadian
rhythm begins with daylight. In the morning, cortisol is
released, initiating the circadian rhythm. Approximately
30-40 minutes after waking up, cortisol levels peak, drop
within a few hours, and are replaced by melatonin at
nightfall. Thus, a daily cycle is completed. In adults,
melatonin levels rise in the evening, peak in the middle of
the night, and return to low levels in the morning,
remaining low throughout the day (Adam et al., 2017,
Wong et al., 2022).

The Role of Breast Milk in The Formation of The
Newborn's Circadian Rhythm

The circadian rhythm begins in intrauterine life. The
first report in the literature indicating that the fetus has a
circadian rhythm was published in 1975 (Deguchi, 1975).

Although it is believed that the sleep-wake circadian
rhythm associated with cortisol develops during the first
year of life, the exact timing of this development has not
yet been determined (lvars et al., 2016). It has been
observed that the circadian rhythm in premature infants
develops similarly to the process observed in term infants.
Parallels have been found between the emergence of the
circadian rhythm in premature infants and the onset of
the sleep rhythm (Antonini et al., 2000).

After birth, the most important stimulating factor for
the development of the newborn's circadian rhythm is
daylight. However, breast milk and maternal factors also
play a crucial role. The mother’s activities, body
temperature, and transplacental hormones such as
cortisol and melatonin found in breast milk, as well as
macro and micronutrients, stimulate the circadian rhythm
(White, 2017). Glucocorticoids and melatonin pass from
plasma into breast milk, and their concentrations in breast
milk are the same as in plasma (ltalianer et al., 2020).
Melatonin is a transplacental hormone, and maternal
melatonin production increases after the 32nd week of
pregnancy. Premature babies born before this stage,
without exposure to maternal melatonin, are a notable
group in terms of melatonin deficiency. Circadian
melatonin production begins a few months after birth, so
melatonin deficiency can be seen in newborns. Some of
the newborn's melatonin deficiency can be compensated
by the melatonin they receive through breast milk.
Melatonin concentrations in breast milk increase in the
evening and decrease during the day, reflecting a regular
maternal circadian rhythm. The circadian variation in
melatonin concentrations in maternal plasma and breast
milk influences the development and continuity of the
newborn’s circadian rhythm (Hausler et al., 2024).

Glucocorticoids in breast milk mainly include cortisol,
cortisone (an inactive cortisol metabolite), and
corticosterone (Zielinska-Pukos et al.,, 2022). These
hormones play an important role in gluconeogenesis,
lipolysis, and energy metabolism, and are produced by the
adrenal glands in response to physiological and
psychological stress (Pundir et al., 2019). Like melatonin,
maternal cortisol levels increase in the third trimester. On
the other hand, fetal adrenal cortisol and cortisone
production gradually increase to prepare the fetal organs
for the postpartum environment. To protect the fetus
from excessive cortisol exposure, the placenta expresses
the enzyme 11B-hydroxysteroid dehydrogenase type 2
(11B-HSD2), which converts cortisol to its inactive form,
cortisone. In preterm infants, several factors—such as
maternal obesity, postpartum stress, maternal
depression, gestational age, infant head circumference,
and body composition—have been associated with
glucocorticoid concentrations in breast milk (Muelbert et
al., 2022). Pundir et al. (2017) examined breast milk
glucocorticoid concentrations over a 24-hour cycle by
measuring them at four different time periods: morning,
afternoon, evening, and night. According to the research,
cortisol and cortisone concentrations were found to be
highest in the morning and decreased throughout the day.
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These findings support the circadian pattern (Pundir et al.,
2017).

In addition to hormonal changes, the nutrient content
of breast milk also varies between day and night. Breast
milk secreted during the day has a high lactose content,
which provides energy for the baby, improves learning
ability, and quenches thirst. In contrast, the lactose
concentration is lower in breast milk secreted at night,
while fat and melatonin concentrations are higher
(Sanchez et al., 2013). When the 24-hour circadian
variation of breast milk was examined, it was found that
the fat content was more variable compared to the
carbohydrate and protein content (Moran-Lev et al.,,
2015; Suwaydi et al., 2023). Compared to formula feeding,
the variable fat content in breast milk helps protect
against obesity related to nutrition and supports healthy
growth (ltalianer et al., 2020). These changes in breast
milk throughout the day and night also help babies
develop the concepts of day and night (Aksoy and Bekar,
2023). In the expressed milk feeding method, it is
emphasized that the time of milk expression and the time
the baby is fed should align in order to maintain the sleep-
wake cycle (Italianer et al., 2020).

Conclusion

Circadian rhythm is the regulation of biological
processes that occur in a 24-hour cycle, driven by the
body’s biological clock. This rhythm begins to develop in
the early years of life, with its foundational stages
particularly established during intrauterine life. Breast
milk plays a crucial role in regulating this rhythm because
it helps babies adapt to the day-night cycle through the
hormones, nutrients, and biological components it
contains, thus supporting the healthy development of
their circadian rhythms. Therefore, parents' awareness of
these biological changes during breastfeeding offers a
significant advantage for their babies' overall health and
sleep patterns.

Declarations

Acknowledgments
Not applicable.

Confiict of Interest
Authors disclose no potential conflicts of interest.

Ethics Statement
Not applicable.

Informed Consent
Not applicable.

Author Contributions

Conceptualization: BYC, HM; methodology : BYC, HM;
investigation: BYC, HM; writing — review and editing: BYC,
HM; project administration: BYC, HM.

54

Funding
Not applicable.

Data Availability
The data used to support the findings of this study can be
made available upon request to the corresponding author.

References

Adam, EK., Quinn, ME., Tavernier, R., McQuillan, MT., Dahlke, KA., &
Gilbert, KE. (2017). Diurnal cortisol slopes and mental and
physical health outcomes: A systematic review and meta-
analysis. Psychoneuroendocrinology, 83:25-41. doi:
10.1016/j.psyneuen.2017.05.018.

Aksoy Aydan, E., & Bekar, M. (2023). Circadian Breastfeeding:
Impact on Maternal and Infant Health, Journal of Health
Sciences Institute, 8(Special Issue): 341-345

Antonini, SR., Jorge, SM., & Moreira, AC. (2000). The emergence of
salivary cortisol circadian rhythm and its relationship to sleep
activity in preterm infants. Clin Endocrinol (Oxf), 52(4):423-426.

Aubuchon-Endsley, N. L., Bublitz, M. H., & Stroud, L. R. (2014). Pre-
pregnancy obesity and maternal circadian cortisol regulation:
Moderation by gestational weight gain. Biological psychology,
102, 38-43. https://doi.org/10.1016/j.biopsycho.2014.07.006.

Deguchi, T. (1975). Ontogenesis of a biological clock for
serotonin:acetyl coenzyme A N-acetyltransferase in pineal gland
of rat. Proc. Natl. Acad. Sci. U. S. A. 72 (7), 2814-2818.
10.1073/pnas.72.7.2814

Fischer Fumeaux, CJ., Garcia-Rodenas. CL., De Castro, CA., Courtet-
Compondu, MC., Thakkar, SK., Beauport, L., Tolsa, JF., & Affolter,
M. (2019). Longitudinal Analysis of Macronutrient Composition
in Preterm and Term Human Milk: A Prospective Cohort Study.
Nutrients, 11(7):1525. doi: 10.3390/nu11071525. PMID:
31277502; PMCID: PMC6683284.

Hausler S, Lanzinger E, Sams E, et al. Melatonin in Human Breast Milk
and Its Potential Role in Circadian Entrainment: A Nod towards
Chrononutrition?. Nutrients. 2024;16(10):1422. Published 2024
May 8. doi:10.3390/nu16101422

Italianer, MF., Naninck, EFG., Roelants, JA., van der Horst, GTJ., Reiss,
IKM., Goudoever, JBV., Joosten, KFM., Chaves, ., & Vermeulen,
MJ. (2020). Circadian Variation in Human Milk Composition, a
Systematic Review. Nutrients, 12(8):2328. doi:
10.3390/nu12082328. PMID: 32759654; PMCID: PMC7468880.

Ivars, K., Nelson, N., Theodorsson, A., Theodorsson, E., Strom, J. O.,
& Morelius, E. (2016). Correction: Development of Salivary
Cortisol Circadian Rhythm and Reference Intervals in Full-Term
Infants. PloS one, 11(3), e0151888.
https://doi.org/10.1371/journal.pone.0151888

Kim, SY., & Yi, DY. (2020). Components of human breast milk: from
macronutrient to microbiome and microRNA. Clin Exp Pediatr,
63(8):301-309. doi: 10.3345/cep.2020.00059. Epub 2020 Mar
23. PMID: 32252145; PMCID: PMC7402982.

KOCAR, F., & ELCIOGLU, H. K. (2022). SIRKADIYEN RiTIM VE
SIRKADIYEN RITMi ETKILEYEN FAKTORLER. Tiirk Bilimsel
Derlemeler Dergisi, 15(2), 29-44.

Mitoulas, LR., Kent, JC., Cox, DB., Owens, RA., Sherriff, JL., &
Hartmann, PE. (2002). Variation in fat, lactose and protein in
human milk over 24 h and throughout the first year of lactation.
BrJ Nutr, 88(1):29-37. doi:10.1079/BJNBJN2002579

Moran-Lev, H., Mimouni, FB., Ovental, A., Mangel, L., Mandel, D., &
Lubetzky, R. (2015). Circadian Macronutrients Variations over
the First 7 Weeks of Human Milk Feeding of Preterm Infants.
Breastfeed Med, 10(7):366-70. doi: 10.1089/bfm.2015.0053.
Epub 2015 Jul 29. PMID: 26222826.



Yildirrm Cavak and Mutlu / Journal of Health Sciences Institute, 2025:10(1):52-55

Muelbert M, Alexander T, Vickers MH, Harding JE, Galante L,
Bloomfield FH; DIAMOND study group. Glucocorticoids in
preterm human milk. Front Nutr. 2022 Sep 27;9:965654. doi:
10.3389/fnut.2022.965654. PMID:  36238462; PMCID:
PM(C9552215.

Pundir, S., Mdkeld, J., Nuora, A., Junttila, N., Wall, C. R., Linderborg,
K., Cameron-Smith, D., & Lagstrom, H. (2019). Maternal
influences on the glucocorticoid concentrations of human milk:
The STEPS study. Clinical nutrition (Edinburgh, Scotland), 38(4),
1913-1920. https://doi.org/10.1016/j.clnu.2018.06.980

Pundir, S., Wall, C. R., Mitchell, C. J., Thorstensen, E. B., Lai, C. T,,
Geddes, D. T., & Cameron-Smith, D. (2017). Variation of Human
Milk Glucocorticoids over 24 hour Period. Journal of mammary
gland biology and neoplasia, 22(1), 85-92.
https://doi.org/10.1007/s10911-017-9375-x

Qian, J., Chen, T., Lu, W., Wu, S., & Zhu, J. (2010). Breast milk macro-
and micronutrient composition in lactating mothers from
suburban and urban Shanghai. Journal of Paediatrics and Child
Health, 46(3), 115-120. https://doi.org/10.1111/j.1440-
1754.2009.01648.x

Sanchez, C. L., Cubero, J., Sanchez, J., Franco, L., Rodriguez, A. B.,
Rivero, M., & Barriga, C. (2013). Evolution of the circadian profile
of human milk amino acids during breastfeeding. Journal of
Applied Biomedicine, 11(2):9-70.

Spangler, G. (1991). The emergence of adrenocortical circadian
function in newborns and infants and its relationship to sleep,
feeding and maternal adrenocortical activity. Early Hum Dev,
25(3):197-208. doi:10.1016/0378-3782(91)90116-k

Stam, J., Sauer, PJ., & Boehm, G. (2013). Can we define an infant's
need from the composition of human milk?. Am J Clin Nutr,
98(2):5215-8S. doi:10.3945/ajcn.112.044370

Suwaydi, MA,, Lai, CT., Rea, A., Gridneva, Z., Perrella, SL., Wlodek,
ME., & Geddes, DT. (2023). Circadian Variation in Human Milk
Hormones and Macronutrients. Nutrients, 15(17):3729. doi:
10.3390/nu15173729. PMID: 37686759; PMCID:
PMC10490050.

Toorop, A. A., van der Voorn, B., Hollanders, J. J., Dijkstra, L. R,,
Dolman, K. M., Heijboer, A. C,, ... & Finken, M. J. (2020). Diurnal
rhythmicity in breast-milk glucocorticoids, and infant behavior
and sleep at age 3 months. Endocrine, 68, 660-668.

Vasey, C., McBride, J., & Penta, K. (2021). Circadian Rhythm
Dysregulation and Restoration: The Role of Melatonin.
Nutrients, 13(10):3480. doi: 10.3390/nu13103480. PMID:
34684482; PMCID: PM(C8538349.

Vreeburg, S. A., Hoogendijk, W. J., DeRijk, R. H., van Dyck, R., Smit, J.
H., Zitman, F. G., & Penninx, B. W. (2013). Salivary cortisol levels
and the 2-year course of depressive and anxiety disorders.
Psychoneuroendocrinology, 38(9),1494-1502.

White, R. D. (2017). Circadian Variation of Breast Milk Components
and Implications for Care. Breastfeeding Medicine, 12(7), 398—
400. doi:10.1089/bfm.2017.0070

Wong, S. D., Wright, K. P., Jr, Spencer, R. L., Vetter, C., Hicks, L. M.,
Jenni, O. G., & LeBourgeois, M. K. (2022). Development of the
circadian system in early life: maternal and environmental
factors. Journal of physiological anthropology, 41(1), 22.
https://doi.org/10.1186/s40101-022-00294-0

Zielinska-Pukos, M. A., Brys, J., Kucharz, N., Chrobak, A,
Wesolowska, A., Grabowicz-Chadrzynska, I, & Hamulka, J.
(2022). Factors Influencing Cortisol Concentrations in Breastmilk
and Its Associations with Breastmilk Composition and Infant
Development in the First Six Months of Lactation. International
journal of environmental research and public health, 19(22),
14809. https://doi.org/10.3390/ijerph192214809

55



