How Breastfeeding Works
Jacqueline C. Kent, PhD
Human milk is a complex secretion that is the sole ideal food for babies for at least the first 6 months of life.
The amount and composition of the milk is largely independent of the mother’s diet. The composition of the
milk changes during lactogenesis II, and these changes can be used as biochemical markers of the onset of
copious milk secretion. After 1 month of lactation, there are few further changes in the composition of milk
until the volume of milk decreases substantially as the baby weans completely. The amount of milk produced
depends on the amount of milk removed from the breast. Successful, exclusively breastfeeding babies show
a three-fold variation in the amount of milk they take per day, and in the frequency of breastfeeds and amount
of milk consumed during each breastfeed. The fat intake of the baby is independent of the feeding frequency.
If a baby is growing normally, the mother can be confident that her baby does not need to follow prescribed
breastfeeding regimes. She should respond to her baby’s cues for the frequency of breastfeeds, and whether
the baby requires one or both breasts for a meal. Continuing research into the physiology of breastfeeding
provides a foundation for evidence-based treatment of breastfeeding difficulties. J Midwifery Womens
Health 2007;52:564 –570 © 2007 by the American College of Nurse-Midwives.
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INTRODUCTION
Because milk is the sole source of food for young mammals, it must provide all the nutrients essential for their
growth. Therefore, the mammary gland must synthesize and
secrete sufficient milk of appropriate composition to
nourish the young, and the young must be able to remove
the milk to sustain their growth and ensure continued
milk production. This article reviews the synthesis and
secretion of breast milk, the changes in the volume and
composition of breast milk after birth, the breastfeeding
patterns of babies, and the methods by which babies can
regulate the milk production of the mother.
MILK COMPOSITION
Breast milk is synthesized in the lactocytes that line the
alveoli of the mammary gland. Blood capillaries surround the alveoli. Substrates (glucose, amino acids, fatty
acids, minerals, and vitamins) diffuse from the blood to
the basement membrane of the lactocytes and are used
for the synthesis of milk components. These are then
secreted across the apical membrane of the lactocyte into
the lumen of the alveolus.1
The milk that is secreted is composed of nitrogenous
components (proteins including caseins, alpha-lactalbumin, immunoglobulins, albumin, lactoferrin, nonprotein
nitrogen, enzymes, hormones, growth factors, and nucleotides), fats (triglycerides and fatty acids), carbohydrates
(lactose, glucose, galactose, and oligosaccharides), minerals, electrolytes, trace elements, vitamins, and water.2
Although all mammals produce milk containing similar
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components, the concentrations of these components
vary markedly between species. This supports the common wisdom that the milk of one species is specifically
adapted to the growth of the young of that particular
species,3,4 and breast milk is ideally adapted to the needs
of the developing infant. Therefore, milk from other
species is unsuitable as a substitute.
Effect of Maternal Diet on Milk Volume and Composition
There is little variation between population groups in the
volume of milk produced, with mothers in developing
countries producing as much milk as mothers from
developed countries.5 Milk production and gross composition (lactose, fat, and protein) are largely independent
of the mother’s diet,5–7 even during Ramadan fasting.8
The energy content of the milk is determined by the
concentrations of lactose, fat, and protein. The average
milk production of an exclusively breastfeeding mother
is about 750 mL per day and the energy required to
produce that milk is about 630 kcal per day. This
represents a quarter of the total energy intake of a
lactating woman (2400 kcal/day).9 In addition, fat reserves deposited during pregnancy are reabsorbed during
lactation. The degree to which this occurs will depend on
the difference between the actual energy cost of lactation
and the increase in the mother’s energy intake.9 On
average, breastfeeding mothers lose 2 kg more body
weight over 6 months of lactation compared with mothers who do not breastfeed.10
It is particularly important for breastfeeding mothers
to eat a well-balanced diet. Although the mother’s diet
does not affect the concentrations of lactose, fat, and
protein in breast milk, diet does affect the concentrations
of some vitamins and minerals in breast milk.8 There is
a relationship between the content of vitamins A, B1
(thiamin), B2 (riboflavin), B5 (pantothenic acid), B6
(pyridoxine), B12 (cobalamin), D, and E, and selenium
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and iodine in human milk and the maternal diet.11,12
Breastfed infants of vegan mothers may need supplements of vitamin B12 if their maternal diet is inadequate.13 Although the total fat content of breast milk is
unaffected by diet, the proportions of the different fatty
acids will vary according to the types of fat the mother is
consuming. For example, the proportions of omega-3
polyunsaturated fatty acids (such as docosahexanoic
acid) and omega-6 polyunsaturated fatty acids (such as
arachidonic acid) are very different in the breast milk
of vegan and omnivorous mothers.14 This is important,
because there is a positive association between the quantity of omega-3 fatty acids in the diet and infant brain
development.15–17
LACTOGENESIS I
Lactogenesis I is the stage in which the mammary glands
develop the ability to secrete milk components during the
second trimester of pregnancy.18 It has been calculated
that approximately 30 mL of colostrum per day can be
secreted during late pregnancy.19 The increase in one of
the secreted components, lactose, is associated with an
increase in the concentration of prolactin in the blood.20
Because the secretion is not removed by suckling, the
components are reabsorbed into the bloodstream.21 Lactose is not metabolized in the blood and is cleared in the
urine.22 Urinary lactose can therefore be used as an
indicator of lactose synthesis in the breast during pregnancy and can confirm that lactogenesis I has occurred.23
LACTOGENESIS II
Hormonal Changes
Lactogenesis II, which is the onset of copious milk
secretion, occurs soon after birth. Lactogenesis II requires adequate levels of prolactin, insulin, and adrenal
cortisol,24 and is triggered by the withdrawal of circulating progesterone after birth.25 In addition, thyroid hormone is important, because hypothyroid animals cannot
initiate lactation.1,26 Lactogenesis II is sensed by mothers
as a sudden increase in the fullness of the breasts as the
milk comes in. This occurs at about 60 hours postpartum,
but can range between 24 and 102 hours after birth.18,27
Each time the baby breastfeeds, oxytocin is released
into the circulation (see Geddes, page 556)28. Little milk
can be removed from the breast unless a milk ejection
involving the release of oxytocin has been triggered. The
amount of milk taken by a baby is related to the number
of milk ejections independent of the time spent at the
breast.29 Ramsay et al.29 found that more than one third
of the breastfeeds were terminated by the baby during
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a milk ejection, suggesting that the baby is controlling its
milk intake, rather than being limited by the number of
milk ejections.
Volume Changes
For the first breastfeed, within 60 minutes of birth, babies
take 0 to 5 mL of colostrum. In the first 24 hours after
birth, babies generally have 3 to 8 breastfeeding sessions
and consume between 7 and 123 mL of colostrum.27,30
From 2 to 6 days after birth, they have five to 10 breastfeeding sessions, and the milk intake increases rapidly to
between 395 and 868 mL.27,30 –32 By 1 month, milk intake
averages 750 to 800 mL per day.10,33,34 Milk production
on day 6 is significantly associated with milk production
at week 6.35
Composition Changes
Lactogenesis II is not just an increase in the volume of
milk secreted, but also a stage in which the composition
of milk changes dramatically. The thick colostrum secreted initially consists of high concentrations of proteins
(principally the protective immunoglobulins, lysozyme,
and lactoferrin), relatively high concentrations of sodium
and chloride, and low concentrations of casein, lactose,
potassium, citrate, calcium, and phosphate. During lactogenesis II, there are increases in the lipid content and
concentrations of casein, lactose, potassium, citrate, calcium, and phosphate, while the concentrations of total
protein, sodium, and chloride decrease.26,36 –38 These
changes occur within the first 5 days after birth, and the
changes in the concentrations of lactose, citrate, protein,
and sodium have been used as biochemical markers of
lactogenesis II.27,39 The concentrations reached on day 5
are similar to the concentrations 1 month after birth.
ESTABLISHED LACTATION
Milk Volume and Composition
From 1 to 6 months after birth, during exclusive breastfeeding, the milk production for each baby is relatively
stable.33,34 Milk production of mothers who are exclusively breastfeeding singletons up to 6 months old is 710
to 803 mL per day.9 When milk production is measured
twice within 1 week, there is very little variation.40
However, not all babies take the same amount of milk.
Exclusively breastfeeding babies growing normally may
have a daily intake of 440 to more than 1220 mL per
day.33,41 The concentration of lactose shows no significant change with stage of lactation. However, there are
declines in the total fat content of the milk between 1 and
2 months, in the concentration of protein between 1 and
6 months,42 and in the concentration of calcium between
4 and 6 months.43 The growth rate of breastfed babies is
related to the total amount of milk they consume, rather
than the concentration of fat, protein, or lactose.41,44
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Breast Volume and Storage Capacity
The development and application of the Computerized
Breast Measurement System40 has demonstrated the concepts of breast milk storage capacity, available milk, and
how the baby feeds according to appetite.

volume before the baby wishes to feed again. The
difference between the volume of the breast at the
beginning of the feed and the minimum volume of the
breast during the 24-hour period is the amount of milk
available to the baby for that feed.

Storage Capacity
Over the course of 24 hours, there is one occasion before a
breastfeed when the breast volume is at its maximum,
indicating when the breast contains the most milk for the
24-hour period, or that the breast is as full as the baby
allows it to get during its normal breastfeeding pattern. At
another time during the 24 hours, the breast volume is at its
minimum, indicating when the breast contains the least milk
for the period, or that the breast is as fully drained as the
baby is able to or wishes to leave it. The difference between
the maximum and minimum breast volumes is attributed
solely to the milk in the breast. That is, when the breast is
at its maximum volume for the day, the storage capacity of
the breast dictates the amount of milk available to the baby.
Breastfeeding storage capacities in mothers who are exclusively breastfeeding range from 81 to 606 mL.40 The
breastfeeding storage capacity is not necessarily unchangeable for each mother. During extended lactation, as supplementary feeds are introduced and milk production decreases, the breastfeeding storage capacity decreases.41 An
unusually long interval between breastfeeds will result in
distension of the breast and more milk available to the baby.
This will result in a potential storage capacity that is larger
than the breastfeeding storage capacity.45
Available Milk
Although milk is synthesized continuously in the
breast, the breast does not always reach its maximum

Appetite
Measurement of breast volume before and after each
breastfeed for 24 hours has shown that babies will
normally drain the breast one or more times each day, but
do not drain the breast at each feed.40 On average, the
baby takes only 67% of the available milk.33 This
indicates that babies feed according to appetite and do
not stop feeding because the breast is empty.
The creamatocrit method, which measures the fat
content of breast milk, provides a clinical assessment
of volume of milk in the breast.33 There is a strong
relationship between the degree of fullness of the
breast and the fat or cream content of the milk (Figure
1). The maximum breast volume (when the breast is
full) is associated with the minimum fat content of the
milk, and the minimum breast volume (when the breast
is well drained) is associated with the maximum fat
content of the milk. Although there is significant
variation between mothers, if a milk sample collected
before a breastfeed has a fat content of less than 4%,
that indicates that the breast was reasonably full with
a significant amount of milk available for the baby.
Moreover, if a milk sample collected after a breastfeed
has a fat content of more than 10%, this indicates that
the breast was reasonably well-drained and that the
baby has taken most of the available milk.

Figure 1. Milk fat content and fullness of the breast. Relationship between the degree of fullness of the breast and the fat content of the milk.
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MAINTAINING LACTATION
Demand and Supply
The mechanisms for matching the milk production and
infant appetite are still unclear. It has been suggested46
that prolactin plays a role in the control of the amount of
milk produced. When the baby breastfeeds, prolactin is
released from the anterior pituitary in the brain and
reaches a peak in concentration in the blood 45 minutes
after the commencement of suckling.47 However, over
the first 6 months of lactation, basal prolactin concentrations decrease from 119 to 59 g/l, and similarly, peak
concentrations decrease from 286 to 91 g/l,34 while
daily milk production remains constant. Therefore, prolactin does not control the amount of milk produced34
once lactation is established.
Because babies feed according to appetite, the mother’s milk production is regulated to match the baby’s
milk intake, rather than the baby’s consumption all of the
milk that the breast produces. The rate of milk synthesis
has been shown to be related to the degree to which the
breast has been drained after a feed; the subsequent rate
of milk synthesis is higher if the breast is well-drained.48
This is consistent with animal studies that have shown
that the short-term rate of milk synthesis is controlled
within the mammary gland by autocrine (local) factors,
such as the feedback inhibitor of lactation, that respond
to how much milk has been removed from the gland.40

Figure 3. Breast milk storage capacity and milk intake. The mean ⫾ SEM
percent of available milk taken at a breastfeed by babies who
take breastfeeds ⬎76 mL (high av. feed) or ⬍76 mL (low av.
feed) of mothers with total (left and right) breast milk storage
capacity ⬎360 mL (high storage capacity) or ⬍360 mL (low
storage capacity). Numbers in parentheses are % of babies in
category.
*Significantly different from low av. feed (P ⬍ .001).

The left and right breasts rarely produce the same
amount of milk. Anecdotally, mothers often refer to
having one “good” breast, or that the baby prefers one
breast to the other. Data on 24-hour milk production of
individual breasts confirm that one breast is usually more
productive than the other—in seven out of 10 mothers, it
is the right breast that is more productive. This difference
is not associated with handedness, nor do the mothers
favour the more productive breast by preferentially
offering it before the other.33
Breastfeeding Patterns

Figure 2. Time of day and fullness of the breast. The degree of fullness
of the breast before (white bars) and after (striped bars)
breastfeeds at different times of day for babies who do feed at
night (A) and who do not feed at night (B). Morning is
considered to be 0401–1000 hours, day is 1001–1600, evening
is 1601–2200, and night is 2201– 0400.
Journal of Midwifery & Women’s Health • www.jmwh.org

Current recommendations are to feed babies “on demand,”49 therefore, there is no prescribed pattern for
breastfeeding babies. Detailed studies show that not
only do babies show a three-fold variation in the
amount they take per day, they also show a wide
variation in their patterns of milk intake.33,50 During a
meal or a breastfeeding session, the baby may feed
from one breast only (an unpaired breastfeed), feed
from both breasts within 30 minutes (two paired
breastfeeds), or the baby may have a cluster of
breastfeeds (feeding again from the first breast within
30 minutes of feeding on the second). In a recent study
of exclusively breastfeeding babies between 1 and 6
months old in Western Australia,33 13% of babies
always took paired breastfeeds, 30% of babies always
took unpaired breastfeeds, and most babies had paired
and unpaired breastfeeds. On average, the babies took
11 breastfeeds per day, but ranged from six to 18 feeds
per day. They took these breastfeeds as eight meals (or
breastfeeding sessions) per day on average, but ranged
567

from four to 13 meals per day. That is, it was normal
for these babies to have a breastfeeding session of one
or two breastfeeds as often as once every 1 hour 50
minutes, or as widely spaced as once every 6 hours.
Not all breastfeeds are equivalent. While the average
amount of milk taken from one breast was 76 mL, a
breastfeed can range from being negligible to 240 mL.
For individual babies the average intake from a breastfeed over a 24-hour period ranged from 30 to 135 mL.
The amount of milk taken at a breastfeed depended on
whether the feed was from the more productive or less
productive breast, whether the feed was unpaired or
paired, the fullness of the breast, and the time of day.
Two-thirds of the babies fed at night, and for these babies
this was often the time of the biggest breastfeed from a
full breast. Babies who did not feed at night usually had
their largest breastfeed in the morning, and that was
when the breasts were usually full. The amount of milk
remaining in the breast after morning feeds was higher
than during the remainder of the day (Figure 2).
Calculations of breast milk storage capacity of mothers range from 74 to 382 mL.33,41 There is a significant
tendency (P ⬍ .01) for babies of mothers with smaller
storage capacities to feed more frequently than babies of
mothers with larger storage capacities. On average,
babies take 67% of the available milk. However, 29% of
babies of mothers with high storage capacity choose to take
smaller feeds even though more milk is available, and 40%
of babies of mothers with low storage capacity choose to
take larger feeds and drain the breast more thoroughly at
each breastfeed (unpublished data; Figure 3).
Mothers of babies who take frequent small breastfeeds
are concerned that the baby is not getting the high fat
hind-milk. When babies take six to nine large breastfeeds
(95 ⫾ 3 mL, mean ⫾ standard error of the mean [SEM])
each day, the breast changes from full or nearly full to quite
well-drained during each breastfeed, and the fat content of
the milk changes from low fat fore-milk (4.3% ⫾ 0.2%
cream) to high fat hind-milk (10.7% ⫾ 0.23% cream).
When babies take 14 to 18 small breastfeeds (49 ⫾ 2 mL)
each day the fore-milk of these mothers is significantly
higher in fat (4.8% ⫾ 0.14% cream) and the hind-milk is
lower in fat (8.2% ⫾ 3.0% cream) compared to the
less-frequent feeders (unpublished results). However, there
is no significant difference between the two patterns of
feeding and the total fat intake of the baby (33 ⫾ 2 g and
28 ⫾ 3 g, for low and high frequency feeders, respectively).
Mothers can be reassured that the fat intake of babies is
independent of the frequency of breastfeeding.31 Examples
of these two patterns of fat changes are shown in Figure 4.

Figure 4. Breastfeeding frequency and milk fat content. The fat content
(expressed as % cream) of the milk of a mother who breastfeeds
infrequently (A) and a mother who breastfeeds frequently (B)
before (white bars) and after (striped bars) each breastfeed.

lactation, beyond the 6-month period of exclusive breastfeeding, there are changes in the volume and composition
of breast milk. As complementary feeds are introduced,
milk production decreases to reach 95 to 315 mL per day
at 15 months,37,41 but can remain as high as 300 mL per
day up to 30 months.51 During this gradual weaning after
6 months, there are decreases in the concentrations of
glucose, citrate, phosphate, and calcium, and increases in
the concentrations of fat, lactose, protein, and sodium.
The amount of breast tissue remains constant from 1 to
6 months of lactation, but decreases significantly between 6 and 9 months, when there is a only a small
decrease in milk production. The breasts return to their
preconception size by 15 months of lactation.41 Therefore, mothers can be reassured that a decrease in the
feeling of fullness of the breasts does not mean that there
is little or no milk production. Involution of the breast
occurs in two phases: the lactocytes are first removed by
apoptosis, and then the surrounding stroma is remodelled
and the adipocytes redifferentiate.52 After complete
weaning,53 some mammary secretion can still be expressed for at least 6 weeks. During this time, the
concentrations of lactose and potassium decrease while
sodium, chloride, fat, and total protein increase, with the
concentrations of casein, alpha-lactalbumin, immunoglobulins, albumin, and lactoferrin contributing to the
increase in total protein.53

EXTENDED LACTATION AND INVOLUTION
The World Health Organization recommends exclusive
breastfeeding for the first 6 months of life, and partial
breastfeeding into the second year.49 During extended
568

SUMMARY
Human milk is a complex secretion that is the sole ideal
food for babies for at least the first 6 months of life. The
Volume 52, No. 6, November/December 2007

amount and composition of the milk is largely independent
of the mother’s diet. The composition of the milk changes
during lactogenesis II, and these changes can be used as
biochemical markers of the onset of copious milk secretion.
After 1 month of lactation, there are few further changes in
the composition of milk until the volume of milk decreases
substantially as the baby weans completely. The amount of
milk produced depends on the amount of milk removed
from the breast. Successful, exclusively breastfeeding babies show a three-fold variation in the amount of milk they
take per day, and in the frequency of breastfeeds and
amount of milk consumed during each breastfeed. The
baby’s fat intake is independent of feeding frequency. If a
baby is growing normally, the mother can be confident that
her baby does not need to follow prescribed breastfeeding
regimes. She should respond to her baby’s cues for the
frequency of breastfeeds, and whether the baby requires one
or both breasts for a meal.
Continuing research into the physiology of breastfeeding provides a foundation for evidence-based treatment
of breastfeeding difficulties.

fant growth and development. In Worthington-Roberts BS, Willams SR, eds. Nutrition in pregnancy and lactation. Dubuque, IA:
Brown & Benchmark; 1997:345–91.

Jacqueline C. Kent, PhD, is supported by Medela Research Grant, “Synthesis,
secretion and removal of breastmilk” (Medela AG, Switzerland).

18. Kulski JK, Hartmann PE. Changes in human milk composition during the initiation of lactation. Aust J Exp Biol Med Sci
1981;59:101–14.

REFERENCES
1. Lawrence RA, Lawrence RM. Breastfeeding: A guide for the
medical profession, 6th ed. St Louis, MO: Mosby; 2005.
2. Jensen RG. Handbook of milk composition. San Diego, CA:
Academic Press; 1995.
3. Oftedal OT. Milk composition, milk yield and energy output
at peak lactation: A comparative review. In Peaker M, Vernon RG,
Knight CH, eds. Physiological strategies in lactation. London:
Academic Press; 1984.
4. Baxter KL. Lactation and the growth of the young. In Kon
SK, Cowie AT, eds. Milk: The mammary gland and its secretion.
New York: Academic Press; 1961:305– 61.
5. Prentice A, Paul A, Prentice A, Black A, Cole T, Whitehead
R. Cross-cultural differences in lactational performance. New
York: Plenum Press; 1986.
6. Butte NF, Garza C, Stuff JE, O’Brian Smith E, Nichols BL.
Effect of maternal diet and body composition on lactational performance. Am J Clin Nutr 1984;39:296 –306.
7. Jelliffe DB, Jelliffe EFP. The volume and composition of
human milk in poorly nourished countries. A review. Am J Clin
Nutr 1978;31:492–515.
8. Rakiciolu N, Samur G, Topcu A, Topcu AA. The effect of
Ramadan on maternal nutrition and composition of breast milk.
Pediatr Int 2006;48:278 – 83.
9. Butte NF, King JC. Energy requirements during pregnancy
and lactation. Public Health Nutr 2005;8:1010 –27.
10. Hartmann PE, Sherriff JL, Kent JC. Maternal nutrition and
the regulation of milk synthesis. Proc Nutr Soc 1995;54:379 – 89.
11. Worthington-Roberts BS. Human milk composition and inJournal of Midwifery & Women’s Health • www.jmwh.org

12. Allen LH, Graham JM. Assuring micronutrient adequacy in
the diets of young infants. In Delange FM, West KPJ, eds. Micronutrient deficiencies in the first six months of life. Basel: Vevey/S.
Karger AG; 2003:55– 88.
13. Mangels AR, Messina V. Considerations in planning vegan
diets: Infants. J Am Diet Assoc 2001;101:670 –7.
14. Sanders TA, Reddy S. The influence of a vegetarian diet on
the fatty acid composition of human milk and the essential fatty
acid status of the infant. J Pediatr 1992;120(4 Pt 2):S71–7.
15. Gustafsson PA, Duchen K, Birberg U, Karlsson T. Breastfeeding, very long polyunsaturated fatty acids (PUFA) and IQ at 6
1/2 years of age. Acta Paediatr 2004;93:1280 –7.
16. Helland IB, Smith L, Saarem K, Saugstad OD, Drevon CA.
Maternal supplementation with very-long-chain n-3 fatty acids
during pregnancy and lactation augments children’s IQ at 4 years
of age. Pediatrics 2003;111:e39 – 44.
17. Clark KJ, Makrides M, Neutiiann MA, Gibson RA. Determination of the optimal ratio of linoleic acid to alpha-linolenic acid
in infant formulas. J Pediatr 1992;120:S151– 8.

19. Cox DB. The morphological and function development of
the human breast during pregnancy and lactation. PhD dissertation.
Perth: The University of Western Australia; 1998.
20. Cox DB, Kent JC, Casey TM, Owens RA, Hartmann PE.
Breast growth and the urinary excretion of lactose during pregnancy and early lactation: Endocrine relationships. Exp Physiol
1999;84:421–34.
21. Carleton FJ, Roberts HR. Preliminary observations on the
fate of intravenously administered lactose labelled with carbon-14.
Nature 1959;184:1650 –1.
22. Date JW. The excretion of lactose and some monosaccharides during pregnancy and lactation. Scand J Clin Lab Invest
1964;16:589 –96.
23. Arthur PG, Kent JC, Potter JM, Hartmann PE. Lactose in
blood in nonpregnant, pregnant, and lactating women. J Pediatr
Gastroenterol Nutr 1991;13:254 –9.
24. Forsyth IA. The endocrinology of lactation. In Mepham TB,
ed. Biochemistry of lactation. Amsterdam: Elsevier; 1983:309 – 49.
25. Kulski JK, Smith M, Hartmann PE. Perinatal concentrations
of progesterone, lactose and ␣-lactalbumin in the mammary secretion of women. J Endocrinol 1977;74:509 –10.
26. Thrift TA, Bernal A, Lewis AW, Neuendorff DA, Willard
CC, Randel RD. Effects of induced hypothyroidism on weight
gains, lactation, and reproductive performance of primiparous
Brahman cows. J Anim Sci 1999;77:1844 –50.
27. Arthur PG, Smith M, Hartmann PE. Milk lactose, citrate,
and glucose as markers of lactogenesis in normal and diabetic
women. J Pediatr Gastroenterol Nutr 1989;9:488 –96.
28. Geddes DT. Inside the lactating breast: The latest anatomy
research. J Midwifery Womens Health 2007;52:556 – 63.

569

29. Ramsay DT, Kent JC, Owens RA, Hartmann PE. Ultrasound
imaging of milk ejection in the breast of lactating women. Pediatrics 2004;113:361–7.
30. Saint L, Smith M, Hartmann PE. The yield and nutrient
content of colostrum and milk of women from giving birth to 1
month post-partum. Br J Nutr 1984;52:87–95.
31. Casey CE, Neifert MR, Seacat JM, Neville MC. Nutrient
intake by breast-fed infants during the first five days after birth.
Am J Dis Child 1986;140:933– 6.
32. Glasier A, McNeilly AS. Physiology of lactation. Baillieres
Clin Endocrinol Metab 1990;4:379 –95.
33. Kent JC, Mitoulas LR, Cregan MD, Ramsay DT, Doherty DA,
Hartmann PE. Volume and frequency of breastfeeds and fat content of
breast milk throughout the day. Pediatrics 2006;117:e387–95.
34. Cox DB, Owens RA, Hartmann PE. Blood and milk prolactin and the rate of milk synthesis in women. Exp Physiol 1996;
81:1007–20.
35. Hill PD, Aldag JC, Chatterton RT, Zinaman M. Comparison
of milk output between mothers of preterm and term infants: The
first 6 weeks after birth. J Hum Lact 2005;21:22–30.
36. Harzer G, Haug M, Bindels JG. Biochemistry of maternal milk
in early lactation. Hum Nutr Appl Nutr 1986;40A(Suppl 1):11– 8.
37. Neville MC, Allen JC, Archer PC, Casey CE, Seacat J,
Keller RP, et al. Studies in human lactation: Milk volume and
nutrient composition during weaning and lactogenesis. Am J Clin
Nutr 1991;54:81–92.

42. Mitoulas L, Kent JC, Cox DB, Owens RA, Sherriff JL,
Hartmann PE. Variation in fat, lactose and protein in human milk
over 24h and throughout the first year of lactation. Br J Nutr
2002;88:29 –37.
43. Kent JC. The roles of citrate and casein in determining the
calcium concentration of the milk of women and sows PhD dissertation. Perth: The University of Western Australia; 1999.
44. Butte NF, Garza C, O’Brian Smith E, Nichols BL. Human
milk intake and growth in exclusively breast-fed infants. J Pediatr
1984;104:187–95.
45. Ramsay DT, Mitoulas LR, Kent JC, Cregan MD, Doherty
DA, Larsson M, et al. Milk flow rates can be used to identify and
investigate milk ejection in women expressing breast milk using an
electric breast pump. Breastfeeding Medicine 2006;1:14 –23.
46. Renfrew M, Fisher C, Arms S. Bestfeeding: Getting breastfeeding right for you. Berkley, CA: Celestial Arts; 1990.
47. Noel GL, Suh HK, Frantz AG. Prolactin release during
nursing and breast stimulation in postpartum and nonpostpartum
subjects. J Clin Endocrinol Metab 1974;38:413–23.
48. Daly SEJ, Kent JC, Owens RA, Hartmann PE. Frequency
and degree of milk removal and the short-term control of human
milk synthesis. Exp Physiol 1996;81:861–75.
49. World Health Organization. The optimal duration of exclusive breastfeeding. Geneva: WHO; 2001.

38. Kunz C, Lönnerdal B. Re-evaluation of the whey protein/
casein ratio of human milk. Acta Paediatr 1992;81:107–12.

50. Hornell A, Aarts C, Kylberg E, Hofvander Y, Gebre-Medhin
M. Breastfeeding patterns in exclusively breastfed infants: a longitudinal prospective study in Uppsala, Sweden. Acta Paediatr
1999;88:203–11.

39. Cregan MD, de Mello TR, Kershaw D, McDougall K, Hartmann PE. Initiation of lactation in women after preterm delivery.
Acta Obstetrica et Gynecologica Scandinavica 2002;81:870 –77.

51. Hennart P, Delogne-Desnoeck J, Vis H, Robyn C. Serum
levels of prolactin and milk production in women during a lactation period of thirty months. Clin Endocrinol 1981;14:349 –53.

40. Daly SEJ, Owens RA, Hartmann PE. The short-term synthesis and infant-regulated removal of milk in lactating women.
Exp Physiol 1993;78:209 –20.

52. Watson CJ. Involution: Apoptosis and tissue remodelling
that convert the mammary gland from milk factory to a quiescent
organ. Breast Cancer Res 2006;8:203.

41. Kent JC, Mitoulas LR, Cox DB, Owens RA, Hartmann PE.
Breast volume and milk production during extended lactation in
women. Exp Physiol 1999;84:435– 47.

53. Hartmann PE, Kulski JK. Changes in the composition of the
mammary secretion of women after abrupt termination of breast
feeding. J Physiol 1978;275:1–11.

“If a multinational company developed a product that was a nutritionally balanced and
delicious food, a wonder drug that both prevented and treated disease, cost almost
nothing to produce and could be delivered in quantities controlled by the consumers’
needs, the very announcement of their find would send their shares rocketing to the top
of the stock market. The scientists who developed the product would win prizes and
the wealth and influence of everyone involved would increase dramatically. Women
have been producing such a miraculous substance, breast milk, since the beginning of
human existence. . .”
–Gabrielle Palmer, The Politics of Breastfeeding, First Edition: Pandora Press, an
imprint of Unwin Hyman, London 1988.
Reprinted with permission from Gabrielle Palmer.
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