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ABSTRACT

OBJECTIVE.We aimed to provide information that can be used as a guide to clinicians
when advising breastfeeding mothers on normal lactation with regard to the
frequency and volume of breastfeedings and the fat content of breast milk.

METHODS.Mothers (71) of infants who were 1 to 6 months of age and exclusively
breastfeeding on demand test-weighed their infants before and after every breast-
feeding from each breast for 24 to 26 hours and collected small milk samples from
each breast each time the infant was weighed.

RESULTS. Infants breastfed 11 ! 3 times in 24 hours (range: 6–18), and a breastfeed-
ing was 76.0 ! 12.6 g (range: 0–240 g), which was 67.3 ! 7.8% (range: 0–100%)
of the volume of milk that was available in the breast at the beginning of the
breastfeeding. Left and right breasts rarely produced the same volume of milk. The
volume of milk consumed by the infant at each breastfeeding depended on
whether the breast that was being suckled was the more or less productive breast,
whether the breastfeeding was unpaired, or whether it was the first or second
breast of paired breastfeedings; the time of day; and whether the infant breastfed
during the night or not. Night breastfeedings were common and made an impor-
tant contribution to the total milk intake. The fat content of the milk was 41.1 !
7.8 g/L (range: 22.3–61.6 g/L) and was independent of breastfeeding frequency.
There was no relationship between the number of breastfeedings per day and the
24-hour milk production of the mothers.

CONCLUSIONS.Breastfed infants should be encouraged to feed on demand, day and
night, rather than conform to an average that may not be appropriate for the
mother-infant dyad.
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BREASTFEEDING MOTHERS SHOULD be made aware of
the variability of milk volumes per breastfeeding,

the frequencies of breastfeedings, and the distribution of
milk intake by day and by night of healthy breastfed
infants.1

Mothers among the !Kung hunter-gatherers have
been observed to breastfeed 4 times every hour during
the day and at least once at night.2 In contrast, Cadogan,3

in his essay to the Governors of the Foundling Hospital
(London, United Kingdom) in 1748 recommended that
infants be suckled only 4 times a day and not at night,
because he considered the night feeding to result in
breastfed infants’ becoming “over fat and bloated.” Re-
laxation of the concept of scheduled breastfeeding was
first strongly promoted by Wickes4 in 1953 and subse-
quently advocated by community support groups such
as La Leche League and the Australian Breastfeeding
Association that were at the vanguard of the movement
back to breastfeeding in the early 1970s in Western
societies. As a result, infants were breastfed more fre-
quently both by day and by night. It now is recognized
that breast milk provides the optimal nutrition for in-
fants, and current recommendations to mothers are that
infants be breastfed “on demand” (according to their
appetite) exclusively for the first 6 months of life.5,6

Bangladeshi infants have been found to consume half
their daily milk intake between 6 AM and 6 PM.7 Matheny
and Picciano8 in the United States investigated whether
measurement of milk production over a 12-hour period
could be doubled to determine the 24-milk production.
Studying 4-week-old infants, they found that more milk
was consumed between 6 AM and 6 PM and less was
consumed between 2 PM and 2 AM. Doubling of either of
these 12-hour intakes resulted in significant inaccuracies
in estimation of 24-hour milk consumption. The product
of the volume of 1 or 2 consecutive breastfeedings and
the number of breastfeedings in the period also has been
found to be inaccurate.9 The data of Cregan et al10 show-
ing variation in the volume and the frequency of breast-
feedings over 24 hours for Australian infants also suggest
that these calculations would be inaccurate. However,
for accurate assessment of milk production, the necessity
of a full 24-hour period of measurement of milk intake
in our society for infants between 4 and 26 weeks has
not been determined.

A wide variation in the frequency of breastfeeding has
been recorded in the United States and Sweden in ex-
clusively breastfed infants.11,12 These authors collected
longitudinal records of the number, time of day, and
duration of breastfeedings of infants between 2 and 26
weeks of age, but no information was provided on the
volume of milk consumed at each breastfeeding by these
infants. Previously, interest has focused on the nutrient
intake of the infant, and the total consumption has been
quoted with no information provided on the volume of
milk consumed from each breast.13,14 Therefore, it was

not possible to assess how the infant feeds to appetite in
relation to the volume of milk available in the mother’s
breasts. Furthermore, the literature on the frequency of
breastfeeding generally fails to define what constitutes a
breastfeeding. Although Hörnell et al11 defined “one
breastfeeding episode” as the “duration of suckling 2
minutes or longer and separated from previous breast-
feed by at least 30 minutes,” this does not consider
whether the infant fed from 1 breast or both during that
episode.

In this article, we investigate the volume and the
pattern of milk intake in a cross-sectional study of 1- to
6-month-old infants who were being exclusively breast-
fed on demand, and we examine the contribution of
each breast. This is the first article to describe the vari-
ation in the volume of milk consumed from each breast
at each breastfeeding, the degree of fullness of each
breast before and after each breastfeeding, and the fat
content of the milk consumed from each breast through-
out the day and night. This will provide a normal refer-
ence range to enhance clinicians’ support for breastfeed-
ing mothers.

METHODS
Data were collected from 71 mothers who were exclu-
sively breastfeeding on demand healthy, term infants
who were aged between 1 and 6 months. These mothers
were participants in studies that were conducted in this
laboratory from 2000 to 2004.15–17 These studies were
approved by the Human Research Ethics Committee of
The University of Western Australia.

The mothers test-weighed their infants before and
after each breastfeeding from each breast on a Medela
electronic Baby Weigh Scale (Medela AG, Baar, Switzer-
land) for a period of 24 hours plus 1 breastfeeding. A
corrected 24-hour production for each breast then was
determined using these data, but no correction for infant
insensible water loss was made; therefore, milk produc-
tion may be underestimated by 3% to 10%.18–20 All
measurements of breastfeed amounts, storage capacity,
and milk production are expressed in grams that can be
considered to be nearly equivalent to mL because the
density of milk is 1.03 g mL"1.21 For each mother, the
breast that had the higher 24-hour production was
termed “more productive” and the breast that had the
lower 24-hour production was termed “less productive.”
In addition, milk samples (!1 mL) were collected by
hand expression into 5-mL polypropylene plastic vials
(Disposable Products, Adelaide, Australia), immediately
before and after each breastfeeding from each breast.
Samples were frozen as soon as possible and kept at
"15°C for analysis. The cream content of the milk sam-
ples was measured by the creamatocrit method,22 and
the fat content of each sample, in grams per liter, was
calculated as 5.37 # creamatocrit $ 5.28.15

The original estimation of fat content as a function of
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degree of breast emptying was introduced by Daly et al,23

whereby fat content was best predicted using a quadratic
function with degree of emptying as a predictor. Al-
though time since last breastfeeding and individual
breast had a small effect, the best predictor of fat content
was degree of emptying. This accounted for 68% of
variation, which was deemed satisfactory given the
physiologic process being measured. Degree of fullness
was calculated as 1 " degree of emptying, and it was
obtained via inverse calculation of degree of emptying
using the equation fat % 21.50 $ 9.38 # (degree of
emptying) $ 70.99 # (degree of emptying)2.23 This re-
lationship between degree of emptying and fat content
was individualized, whereby for each woman, minimal,
median, and maximal fat content over 24 hours was set
to correspond to degree of fullness of 1, 0.6892, and 0,
respectively, that protected against physiologically im-
possible estimates (ie, degree of fullness exceeding 1 or
becoming negative). The storage capacity (the amount of
milk available to the infant when the breast is full) was
determined using a regression line relating change in
degree of fullness at each feeding to the amount of milk
removed from the breast at that feeding. Assuming that
a change in degree of fullness of 0 corresponds to a
feeding amount of 0, the regression line was forced to
pass through the origin. Storage capacity then could be
calculated as the amount of milk that corresponds to a
change in degree of fullness of 1. The volume of avail-
able milk in the breast before each breastfeeding was
calculated as the degree of fullness multiplied by the
storage capacity of the breast.

We defined a breastfeeding as an infant’s taking milk
from 1 breast. When the next breastfeeding was &30
minutes after the end of the first, the breastfeeding was
considered to be unpaired. When the infant took milk
from the other breast within 30 minutes of finishing on
the first breast, the breastfeedings were considered to be
paired. When the infant fed again from the first breast
within 30 minutes of finishing on the second breast, the
breastfeedings were considered to be clustered. A meal
was defined as an unpaired breastfeeding, or 2 paired
breastfeedings, or 3 clustered breastfeedings. This defi-
nition of a “meal” is equivalent to “1 breastfeeding epi-
sode” as defined by Hörnell et al.11 Four breastfeedings
were 0 g when the infant went to the breast and appar-
ently suckled but there was no difference between the
infant’s weight from before to after the breastfeeding.

For this study, the day was divided into 4 intervals.
Morning was considered to be from 4:01 AM to 10:00 AM,
day was 10:01 AM to 4:00 PM, evening was 4:01 PM to
10:00 PM, and night was 10:01 PM to 4:00 AM.

Descriptive summaries of continuous data used
means and SDs or medians and interquartile ranges
(IQRs), depending on data normality. Inference was
based on summary data averaged over 24 hours (n %
71), overall summaries for individual breasts (n % 142),

and all individual breastfeedings recorded over 24 hours
(n % 775). Analyses of individual breastfeedings were
weighted according to the number of breastfeedings re-
corded per woman. Paired and unpaired univariate com-
parisons of summary data were performed using t tests
or their nonparametric equivalents depending on data
normality. Multivariate analysis was based on analysis of
variance with repeated measures performed using Proc
GLM (SAS 8.02; SAS Institute Inc, Cary, NC), and good-
ness of fit was assessed via analysis of residuals. Linear
and polynomial regression analyses were used to assess
relationships. Two-sided P values are quoted, and P '
.05 was regarded as statistically significant.

RESULTS
The characteristics of the mothers are presented in Table
1. There were 41 male and 30 female infants. There was
no significant difference either between the mean age of
the male and female infants or in the age and parity of
their mothers.

Frequency and Volume of Breastfeedings
A total of 775 breastfeedings were monitored. Each in-
fant had 11 ! 3 breastfeedings per day (range: 6–18).
The interval between breastfeedings was 2 hours 18
minutes ! 43 minutes (range: 4 minutes to 10 hours 58
minutes). Of these breastfeedings, 345 (44.5%) were
unpaired (182 from the more productive breast and 163
from the less productive breast), with an interval of &1
hour until the next breastfeeding for 90% of these
breastfeedings. A total of 412 (53.2%) breastfeedings
were paired, and 18 (2.3%) were clustered. That is, there
were 7.9 ! 1.8 meals per day (range: 4–13), and the
interval between meals was 3 hours 2 minutes ! 41

TABLE 1 Subject Characteristics

Mean ! SD Range

Mother
Age, y 31.8! 4.3 23–42
Parity 1.7! 0.8 1–4

Infant
Age, wk 15.3! 5.9 4–26

24-h breast milk intake, g
Total 788! 169 478–1356
More productive breast 459! 106 253–769
Less productive breast 339! 90 161–553

Breast storage capacity, g
More productive breast 193! 60 76–382
Less productive breast 164! 53 74–320

Average breastfeed volume, g
More productive breast 84! 28 32–131
Less productive breast 67! 26 27–147

Breastfeed frequency, feeds per day
More productive breast 5.6! 1.6 3–9
Less productive breast 5.4! 1.5 3–9

Fat content of milk, g/L
More productive breast 41.3! 8.4 22.5–60.8
Less productive breast 40.9! 8.4 22.3–61.6
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minutes (range: 40 minutes to 10 hours 58 minutes).
Thirteen percent of infants always had paired breastfeed-
ings (n % 9), 30% of infants always had unpaired breast-
feedings (n % 21), and the remaining 57% of infants had
a mixture of paired and unpaired breastfeedings (n %
41).

There were no changes in the breastfeeding fre-
quency with age of the infant and no significant differ-
ence in breastfeeding frequency between girls and boys.
The more productive breast was fed from as frequently
as the less productive breast, and when the breastfeed-
ings were paired, the more productive breast was offered
first as frequently as the less productive breast. There
was no relationship between the number of breastfeed-
ings per day and the 24-hour milk production of the
mothers.

The infants took 76.0 ! 12.6 g (range: 0–240 g) at
each breastfeeding. There was an inverse relationship
between the number of breastfeedings per day and the
average breastfeeding volume (r2 % 0.442; P ' .001; n %
142 breasts). The average meal was 101.4 ! 15.6 g
(range: 0–350 g). The average breastfeeding volume was
unrelated to the age of the infant (P % .421), but there
was an increase in the maximum breastfeeding volume
with advancing age between 4 and 26 weeks (r2 % 0.09;
P ' .010). The maximum breastfeeding volume of boys
was greater than that of girls (154.6 ! 54.8 g for boys vs
129.8 ! 29.0 g for girls; P % .029), but there was no
significant difference in the average breastfeeding (79.3
! 26.9 g for boys vs 73.0 ! 22.4 g for girls; P % .299).
The average breastfeeding from the more productive
breast was higher than that from the less productive
breast (P ' .001; Table 1), and individual breastfeedings
from the more productive breast were larger than from
the less productive breast (P ' .001; Fig 1).

Breastfeeding volumes were significantly associated
with breastfeedings’ being unpaired, paired, or clustered.
For an unpaired breastfeeding, the infants consumed 90

! 26 g (range: 0–240 g). When the breastfeedings were
paired, the infants consumed 73 ! 11 g (range: 5–185 g)
for the first breast and 54 ! 9 g (range: 0–176 g) from
the second. For the clustered breastfeedings, the infant
took a median of 42 g (IQR: 31–103 g) from the first
breast, a median of 20 g (IQR: 8–44 g) from the second
breast, and a median of 31 g (IQR: 6–73 g) from the third
breast. For the paired breastfeedings, when the more
productive breast was fed from first, the infant took
more (P ' .0001) from the first breast than from the
second breast (Fig 1). When the less productive breast
was fed from first, the infant took similar volumes from
each breast (Fig 1).

Storage Capacity, Degree of Fullness, and Available Milk
The storage capacity of each breast was 179 ! 59 g
(range: 74–382 g). There was no association between
the storage capacity and time after birth (r2 % 0.015; P %
.155; n % 142 breasts). There was a positive relationship
between the storage capacity and the 24-hour milk pro-
duction (r2 % 0.393; P ' .001; n % 142 breasts), the
maximum breastfeeding (r2 % 0.460; P ' .001; n % 142
breasts), and the average breastfeeding (r2 % 0.297; P '
.001; n % 142 breasts) from each breast. There was a
significant difference (P % .013) between the total breast
storage capacity for mothers who were breastfeeding
boys (394 ! 126 g) compared with those who were
breastfeeding girls (333 ! 71 g). There was a significant
difference (P % .003; Table 1) between the storage ca-
pacity of the more productive breast (193 ! 60 g; range:
76–382 g) and the less productive breast (164 ! 53 g;
range: 74–320 g).

For unpaired breastfeedings, there was no significant
difference between the more and less productive breasts
in the degree of fullness of the breast at the beginning of
the feed (prefeed; 0.69 ! 0.10). This was significantly
higher (P % .032) than the prefeed degree of fullness of
the first breast of a paired breastfeeding. For paired
breastfeedings, there was a significant difference (P %
.001) between the prefeed degree of fullness for the
breasts (0.63 ! 0.08 and 0.52 ! 0.07 for the first and
second breasts, respectively) regardless of whether the
breast was the more or less productive. When the breast-
feedings were clustered, the “third” breast had a prefeed
degree of fullness of 0.26 ! 0.07. For the 0-g feeds, the
mean difference in the cream content of the samples that
were collected before and after the breastfeeding was
1.4%, and the prefeed degree of fullness ranged from
0.21 to 0.58. There was a significant relationship be-
tween the volume of milk available in the breast and the
volume of milk consumed at each breastfeeding (r2 %
0.358; P ' .001; n % 775 breastfeedings).

For unpaired breastfeedings, the available milk was
different between the more productive breast and the
less productive breast (P % .003; Fig 2), but a similar
percentage of the available milk was removed (72 ! 7%

FIGURE 1
Volume of milk consumed at a breastfeeding from the more productive breast (e) and
the less productive breast (u) when the breastfeedings were unpaired or paired. Values
are means with SEM represented by vertical bars. a More productive and less productive
breasts are different (P ' .0001).
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and 69 ! 8% from the more and less productive breasts,
respectively). The degree of fullness of the breast at the
end of the breastfeeding (postfeed) was 0.19 ! 0.06 for
both the more and the less productive breasts.

When the breastfeedings were paired and the more
productive breast was fed from first, there was a signif-
icant difference in the available milk (118 ! 19 g and 80
! 14 g for the more and less productive breasts, respec-
tively; P ' .0001; Fig 2), whereas when the less produc-
tive breast was fed from first, there was no significant
difference between the breasts in the available milk (Fig
2). The percentage of available milk that was removed
during paired breastfeedings was significantly less than
during an unpaired breastfeeding (P ' .0001), but a
similar percentage of the available milk was removed (63
! 8%), regardless of the order from which the breasts
were fed. There was a significant difference (P % .003)
between the postfeeding degree of fullness for the
breasts (0.20 ! 0.05 and 0.26 ! 0.05 for the first and
second breasts, respectively) regardless of whether the
more or less productive breast was first. For the clustered
breastfeedings, 47 ! 13 g was available in the “third”
breast, 47% of the available milk was removed, and the
postfeeding degree of fullness was 0.19 ! 0.05 (n % 4).

Total 24-Hour Milk Production
The overall 24-hour milk production for both breasts
combined was 788 ! 169 g (range: 478–1356 g; Table
1). A significant difference in the 24-hour milk produc-
tion between the more productive and less productive
breasts was evident (P ' .001; Table 1), with an absolute
median difference between the breasts of 106 g (IQR:
39–173 g; range: 5–441 g). For the majority of the
mothers (76%), the right breast was the more produc-
tive, resulting in a significant difference between the
right and the left breasts (426 ! 116 g [range: 161–769

g] and 372 ! 109 g [range: 177–601 g], respectively; P %
.003).

There was a significant difference in milk production
(P % .036) between mothers of boys (831 ! 187 g) and
those of girls (755 ! 151 g). No significant effects on
milk production were associated with time after birth (r2

% 0.037, n % 71), parity (r2 % 0.051, n % 71), or
maternal age (r2 % 0.028, n % 71). There was no rela-
tionship between the “cold” and “warm” months of the
year and the 24-hour milk production (r2 % 0.010; P %
.413).

Overall, infants consumed 64% of their 24-hour in-
take (497 ! 17 g) in 6.8 ! 0.3 feedings between 6 AM

and 6 PM and 275 ! 13 g in 4.0 ! 0.2 feedings between
6 PM and 6 AM. Between 2 PM and 2 AM, they consumed
322 ! 12 g (42% of their 24-hour intake) in 5.1 ! 0.2
feedings and 450 ! 16 g in 5.7 ! 0.2 feedings between
2 AM and 2 PM. Younger infants, up to 9 weeks of age,
consumed 443 ! 32 g (61% of their 24-h intake) in 7.0
! 0.7 feedings between 6 AM and 6 PM and 275 ! 15 g in
4.7 ! 0.4 feedings between 6 PM and 6 AM. Between 2 PM

and 2 AM, they consumed 328 ! 15 g (45% of their
24-hour intake) in 5.8 ! 0.6 feedings and 390 ! 29 g in
5.6 ! 0.7 feedings between 2 AM and 2 PM.

Night Feedings
The majority (64%) of infants breastfed between 1 and 3
times at night (10 PM to 4 AM), and the number of
nighttime breastfeedings did not change between 4 and
26 weeks. Only 36% of infants did not feed during the
night.

There was no significant difference in the total 24-
hour milk production for infants who did and did not
breastfeed at night. Mothers of infants who breastfed at
night had a total breast storage capacity of 342 ! 95 g,
which was not significantly different (P % .078) from
that of mothers of infants who did not breastfeed at
night (386 ! 108 g). There was no significant difference
in the total number of breastfeedings per 24 hours be-
tween infants who did and did not breastfeed at night,
with the median numbers of 11 breastfeedings (IQR:
8–13; range: 6–18) and 10 breastfeedings (IQR: 10–12;
range: 6–17), respectively (P % .890). Infants who
breastfed at night had fewer breastfeedings at night (me-
dian: 1; IQR: 1–2) than during any other interval (P '
.001). There was a median of 3 breastfeedings (IQR: 3–4;
range: 1–6) during all other intervals, irrespective of
whether the infants breastfed at night.

Statistically different volumes were measured at dif-
ferent intervals of the day (P % .019; Fig 3), with the
night breastfeedings being the largest and increasing
with both age and degree of fullness of the breast (r2 %
0.255; P ' .001; n % 81). Infants who breastfed at night
had significantly larger breastfeedings during the night
compared with the morning (P % .012), the day (P %
.002), and the evening (r2 % 0.294; P % .001; n % 496

FIGURE 2
Volume of milk available before each breastfeeding from the more productive (e) and
the less productive (u) breasts when the breastfeedings were unpaired or paired. Values
are means with SEM represented by vertical bars. More productive and less productive
breasts are different (a P % .003; b P ' .0001).
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breastfeedings; Fig 3A). From the less productive breast,
the infants had smaller breastfeedings in the evening
than during the night and the morning (P ' .05). Al-
though the night breastfeedings were larger from the
more productive breast, because the night breastfeedings
were less frequent than during the rest of the day, 20 !
7% of the total 24-hour milk production was consumed
at night, which was significantly less (P ' .008) than
that taken during the morning (28 ! 9%), the afternoon
(28 ! 8%), and the evening (24 ! 8%).

Infants who did not breastfeed at night had signifi-
cantly larger breastfeedings during the morning than
during the day and the evening (P ' .001) from both the
more and the less productive breasts (Fig 3B). These
infants took more of the 24-hour milk production (40 !
12%) during the morning than during the day (29 !
10%) and during the evening (25 ! 9%; P ' .001).

The volume of milk that was available at the begin-
ning of a breastfeeding in the breasts of mothers who
breastfed at night ranged from 88.9 g for the less pro-

ductive breast in the evening to 125.8 g for the more
productive breast at night. For mothers who breastfed
only during the day, the volume of milk that was avail-
able at the beginning of a breastfeeding ranged from
83.7 g in the evening for the less productive breast to
156.0 g in the morning for the more productive breast.

For mothers who breastfed at night, more milk re-
mained in the breast at the end of breastfeedings in the
morning and the night (degree of fullness: 0.27 and 0.24,
respectively) than during the day or the evening (degree
of fullness: 0.17 and 0.18, respectively; P ' .001). For
mothers who breastfed only during the day, more milk
remained in the breast at the end of breastfeedings in the
morning (degree of fullness: 0.31) than during the day
or the evening (degree of fullness: 0.18 and 0.20, respec-
tively; P ' .001).

Fat Content of Breast Milk
The average fat content of the milk was 41.1 ! 7.8 g/L
and ranged from 22.3 to 61.6 g/L. The average fat con-
tent was not associated with either the time after birth
(r2 % 0.036, n % 71) or the number of breastfeedings
during the day (r2 % 0.013, n % 775). There was an
inverse relationship between the mean fat content of the
milk and the 24-hour milk intake from that breast (P %
.007, r2 % 0.089, n % 142). The average 24-hour fat
intake of the infants was 32.0 ! 7.7 g (range: 15.4–49.5
g) and was not related to the frequency of breastfeed-
ings.

Analysis of the individual breastfeedings showed that
there was no effect on the average milk fat content as a
result of the gender of the infant (P % .160); more or less
productive breast (P % .332); unpaired, paired, or clus-
tered breastfeedings (P % .339); or whether the infant
breastfed at night or not (P % .830). The mean fat
content of the milk was significantly related to time of
day (P ' .001) and was higher (P ' .008) during the day
and the evening (42.8 ! 9.1 and 43.2 ! 9.1 g/L, respec-
tively) compared with the morning and the night (37.1
! 10.1 and 37.2 ! 10.3 g/L, respectively).

The interval between meals was independent of the
volume of the previous meal (paired or unpaired breast-
feeding). The interval was also independent of the aver-
age fat content of the milk consumed in that meal or the
amount of fat in the meal.

DISCUSSION

Frequency and Volume of Breastfeedings
The spectrum of breastfeeding behavior of normal in-
fants who were exclusively breastfed ranged between
having a few large breastfeedings and having frequent
small breastfeedings during 24-hour periods, and the
infants distributed the number of breastfeedings evenly
when comparing morning with afternoon and evening,
with fewer breastfeedings at night. The wide range in

FIGURE 3
Volume of milk consumed at a breastfeeding from the more productive breast (e) and
the less productive breast (u) during the morning (4:01 AM to 10:00 AM), day (10:01 AM to
4:00 PM), evening (4:01 PM to 10:00 PM), and night (10:01 PM to 4:00 AM) by infants who
breastfed at night (A) or did not breastfeed at night (B). Values are means with SEM
represented by vertical bars. More productive and less productive breasts are different
(a P ' .05; b P ' .0001).
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frequency of “meals” that we observed was very similar
to that described by Butte et al,24 Cregan et al,10 and
Hörnell et al.11 The inverse relationship between the
number of breastfeedings per day and the average
breastfeeding volume is consistent with the lack of a
relationship between the number of breastfeedings per
day and the 24-hour milk production of the mothers.
The volume of milk consumed during a breastfeeding
depended on (1) whether the breast was the more or less
productive breast, (2) whether the breastfeeding was
unpaired or paired, (3) whether it was the first or the
second breast of paired breastfeedings, and (4) the time
of day (Figs 1 and 3).

For 53% of the meals, 1 breast was sufficient to satisfy
the infant for at least 1 hour. This is consistent with the
unpaired breastfeedings, particularly from the more pro-
ductive breast, being larger than the average breastfeed-
ing (Fig 1) and supports the advice of Riordan and
Aurbach25(p247) that after breastfeeding becomes estab-
lished, it may not be necessary to use both breasts at
each meal, and also the recommendation of the National
Health and Medical Research Council6 that both breasts
be offered at each meal, but the infant may or may not
feed from the second breast. For the 44% of the breast-
feedings that were paired, if the second breast was the
less productive breast, then the breastfeeding volume
could be considered to be a “top up.” However, if the
second breast was the more productive breast, then the
infant took an equal volume to the first breast. There-
fore, the milk yield from the second breast, when the
infant chooses to feed from it, may provide a significant
volume of milk.

The larger breastfeedings in the morning compared
with the evening were also observed by Butte et al.24 For
infants who breastfed at night, although there were
fewer breastfeedings during this time, those from the
more productive breast were the largest of the 24-hour
period, and the nighttime intake composed 20% of the
total 24-hour intake. For the infants who did not breast-
feed at night, the morning breastfeedings were the larg-
est (Fig 3B).

Some mothers are concerned about the frequency of
breastfeeding and wish to extend the interval between
breastfeedings. We found that some infants would
breastfeed again within 1 hour after breastfeedings of up
to 175 g, and others would not breastfeed for &8 hours
after a breastfeeding of as little as 35 g. In fact, the
interval after the largest meal of 350 g was only 3 hours
35 minutes. Infants of the 5 mothers with total storage
capacity of '235 mL all breastfed at night. However,
most of the infants of mothers with larger storage capac-
ities chose to breastfeed at night. Infants may need to
feed at night if they have a relatively small stomach
capacity and/or a rapid gastric emptying time.

Storage Capacity, Degree of Fullness, and Available Milk
The storage capacity that was calculated in this study is
similar to that calculated by Kent et al26 for the first 6
months of lactation (196 ! 57 g). It is smaller than that
measured by Daly et al27 (242 mL; SD: 129) by Comput-
erized Breast Measurement; however, that study in-
cluded 1 breast with an unusually large storage capacity
of 606 mL. The relationship between storage capacity of
the breast and the 24-hour milk production is similar to
that found by Kent et al.26 In the current cross-sectional
study, there was no relationship between the storage
capacity of the breast and the age of the infant. However,
in a longitudinal study, the mean storage capacity at 1
month (179.9 ! 20.2 g) increased to 234.6 ! 17.5 g at 6
months (mean ! SEM), indicating that the storage ca-
pacity of the breast can change during lactation.26 Be-
cause the maximum breastfeeding increased between 4
and 26 weeks and there was a relationship between the
storage capacity and the maximum breastfeeding, it is
likely that the storage capacity of the breast is able to
change to meet an increase in demand for milk.

Anecdotally, mothers usually first offer the breast that
feels more full. The data on the prefeeding degree of
fullness of the breast confirm this subjective choice of
the mothers. The prefeeding degree of fullness and the
storage capacity allow calculation of the volume of avail-
able milk in the breast. The volume of milk that is
available accounted for most of the differences in vol-
ume of milk consumed at each breastfeeding (Figs 1 and
2). For unpaired breastfeedings, not only was there more
milk available in the more productive breast, but also the
infants took a higher percentage of that available milk
than during a paired breastfeeding.

The observation that the breasts are rarely drained at
the end of a breastfeeding was also noted by Dewey et
al,20 who found that an extra 12% of milk could be
expressed after a breastfeeding. Because breast expres-
sion is not always effective in removing all of the avail-
able milk,15 this finding is consistent with the infants’
removing 63% to 72% of the available milk during a
breastfeeding. This suggests that the breasts do not need
to be drained at every feeding to maintain adequate milk
production.

Total 24-Hour Milk Production
The 24-hour milk production was within the normal
range of 440 to 1220 g,26 except for 2 mothers, who
produced 1298 g and 1356 g. The average of 798 g is
similar to the data presented by Dewey and Lönnerdal.14

It is important to note the wide SD and bear in mind that
the variation in milk production is related to the varia-
tion in the growth rates of the infants.12,26,28 In addition,
the higher milk intake of male infants was also noted by
Butte et al29 and is consistent with their higher growth
rate.30 The lack of effect of either maternal age or parity
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on milk production is in agreement with the findings of
Dewey and Lönnerdal.14

Consistent milk intake from 1 to 6 months supports
previous findings.26 This is not surprising considering 2
factors. First, younger infants (1–3 months of age) grow
more rapidly than older infants (4–6 months of age).30

Second, smaller infants have a larger surface area to
volume ratio and therefore have a relatively higher met-
abolic rate per kilogram of body weight31 and use rela-
tively more of their nutrient intake for maintenance of
body temperature than do older, heavier infants.

Differences in milk production of right and left breasts
have been noted previously. Mitoulas et al32 found a
significant difference between breasts, with the right
breast being more productive (443 vs 356 g/24 hours).
In addition, Cox et al33 showed that the right breast was
often more productive than the left. In this context, it is
interesting to note that when we measured the milk
production of 4 mothers who were exclusively express-
ing their milk for their infants (&660 g/day), there was
a significant difference (P % .03) between the left and
the right breasts (unpublished results). Three of these
mothers, who were double pumping and therefore sub-
mitting both of their breasts to equivalent vacuums and
times of expression, had the largest differences between
the breasts. This leads us to suggest that the difference in
milk production between the breasts may be attributable
to differences in intrinsic milk production rather than
the infant’s preference. The 24-hour milk production of
mothers of infants who breastfed at night was the same
as for those who did not breastfeed at night, similar to
the observations of Butte et al.24

The current data for infants up to 26 weeks of age
confirm the findings of Matheny and Picciano8 for
4-week-old infants that more milk is consumed between
6 AM and 6 PM and less is consumed between 2 PM and 2
AM. The uneven distribution of the volumes of breast-
feedings of both infants who breastfeed at night and
those who do not breastfeed at night (Fig 3) explains
why doubling of either of these 12-hour intakes will
result in significant inaccuracies in estimation of 24-
hour milk consumption. Therefore, our measurements
confirm that in our society, a full 24-hour period of
measurement of milk intake is necessary for accuracy.

Fat Content of Breast Milk
The fat content of the milk that we measured was similar
to that measured by Dewey and Lönnerdal,14 and the
24-hour fat intake of the infants was similar to that
measured previously.12,14 Fat content of the milk at dif-
ferent times of day reflects the higher degree of milk
removal during the day and evening and the higher
degree of fullness in the morning and night. The changes
in fat content of milk from the beginning to the end of
the first and second breasts of a paired breastfeeding
described by Woodward et al34 can be explained by the

degrees of fullness that we have calculated. The lower fat
content of milk from the first breast at the beginning of
the breastfeeding that they measured reflects the moth-
er’s starting to feed her infant on the fuller breast, and
the higher fat content of milk from the first breast at the
end of the breastfeeding reflects the higher degree of
milk removal from the first breast.

Because the breast was not full at the beginning of
each breastfeeding for the whole day, the fat content of
the fore-milk was not always low. Because the fat intake
of the infants was not related to the frequency of breast-
feedings, mothers can be reassured that infants who take
frequent small breastfeedings have the same daily fat
intake as infants who take infrequent large breastfeed-
ings.

An understanding of the patterns of milk intake by
the breastfed infant has implications for mothers who
need to express their milk either fully for a preterm
infant or when they return to the paid workforce. Given
the variability in breastfeeding patterns, it may be un-
reasonable to expect all breasts to yield the same volume
of milk at the same rate when the mother is using an
electric breast pump, and the breast may not need to be
totally drained at every expression to maintain an ade-
quate supply of milk. Breast pump settings and regimens
may need to be customized for each mother.

CONCLUSIONS
Healthy, exclusively breastfed 1- to 6-month-old infants
consume 0 to 240 g of milk between 6 and 18 times
during 24 hours, with 64% of infants breastfeeding 1 to
3 times at night. The right breast usually produces sig-
nificantly more milk than the left, and the volume of
milk consumed at each breastfeeding is related to the
volume of milk available in the breast, whether the
breastfeeding is unpaired or paired, and the time of day.
On average, 67% of the available milk is consumed at
each breastfeeding. The fat content of breast milk varies
between mothers (22.3–61.6 g/L) and within and be-
tween breastfeedings, but the amount of fat consumed
by the infant is independent of the frequency of breast-
feeding.

ACKNOWLEDGMENTS
The research described in this article was funded by
Medela AG, which is gratefully acknowledged.

We thank the participating breastfeeding mothers and
infants for their time, the Australian Breastfeeding As-
sociation for recruiting volunteers, and Tracey Williams
for technical assistance.

REFERENCES
1. Sievers E, Oldigs HD, Santer R, Schaub J. Feeding patterns in

breast-fed and formula-fed infants. Ann Nutr Metab. 2002;46:
243–248

2. Konner M, Worthman C. Nursing frequency, gonadal function,

e394 KENT, et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/117/3/e387/1069946/zpe0030600e387.pdf
by UCLA Digital Coll Svcs user
on 15 June 2022



and birth spacing among !Kung hunter-gatherers. Science.
1980;207:788–791

3. Rendle-Short J, Rendle-Short M. The Father of Child Care: Life of
William Cadogan (1711–1797). Bristol, United Kingdom: John
Wright & Sons Ltd; 1966

4. Wickes IG. A history of infant feeding. V. Nineteenth century
concluded and twentieth century. Arch Dis Childhood. 1953;28:
495–501

5. World Health Organization. The Optimal Duration of Exclusive
Breastfeeding. Geneva, Switzerland: World Health Organization;
2001

6. NH&MRC. Dietary Guidelines for Children and Adolescents in Aus-
tralia. Canberra, Australia: Australian Government Publishing
Service; 2003

7. Brown KH, Black RE, Robertson AD, Akhtar NA, Ahmed G,
Becker S. Clinical and field studies of human lactation: meth-
odological considerations. Am J Clin Nutr. 1982;35:745–756

8. Matheny RJ, Picciano MF. Assessment of abbreviated tech-
niques for determination of milk volume intake in the human
milk-fed infant. J Pediatr Gastroenterol Nutr. 1985;4:808–812

9. Scanlon KS, Alexander MP, Serdula MK, Davis MK, Bowman
BA. Assessment of infant feeding: the validity of measuring
milk intake. Nutr Rev. 2002;60:235–251

10. Cregan MD, Mitoulas LR, Hartmann PE. Milk prolactin, feed
volume, and duration between feeds in women breastfeeding
their full-term infants over a 24-hour period. Exp Physiol. 2002;
87:207–214

11. Hörnell A, Aarts C, Kylberg E, Hofvander Y, Gebre-Medhin M.
Breastfeeding patterns in exclusively breastfed infants: a lon-
gitudinal prospective study in Uppsala, Sweden. Acta Paediatr.
1999;88:203–211

12. Butte NF, Garza C, O’Brian Smith E, Nichols BL. Human milk
intake and growth in exclusively breast-fed infants. J Pediatr.
1984;104:187–195

13. Butte NF, Garza C, Johnson CA, Smith EO, Nichols BL. Lon-
gitudinal changes in milk composition of mothers delivering
preterm and term infants. Early Hum Dev. 1984;9:153–162

14. Dewey KG, Lönnerdal B. Milk and nutrient intake of breast-fed
infants from 1 to 6 months: relation to growth and fatness.
J Pediatr Gastroenterol Nutr. 1983;2:497–506

15. Mitoulas LR, Lai CT, Gurrin LC, Larsson M, Hartmann PE.
Efficacy of breast milk expression using an electric breast
pump. J Hum Lact. 2002;18:344–352

16. Mitoulas LR, Lai CT, Gurrin LC, Larsson M, Hartmann PE.
Effect of vacuum profile on breast milk expression using an
electric breast pump. J Hum Lact. 2002;18:353–360

17. Kent JC, Ramsay DT, Doherty D, Larsson M, Hartmann PE.
Response of breasts to different stimulation patterns of an
electric breast pump. J Hum Lact. 2003;19:179–187

18. Butte NF, Garza C, Smith EO, Nichols BL. Evaluation of the
deuterium dilution technique against the test-weighing proce-

dure for the determination of breast milk intake. Am J Clin
Nutr. 1983;37:996–1003

19. Arthur PG, Hartmann PE, Smith M. Measurement of the milk
intake of breast-fed infants. J Pediatr Gastroenterol Nutr. 1987;
6:758–763

20. Dewey KG, Heinig MJ, Nommsen LA, Lonnerdal B. Maternal
versus infant factors related to breast milk intake and residual
milk volume: the DARLING study. Pediatrics. 1991;87:829–837

21. Casey CE, Hambridge KM, Neville MC. Studies in human
lactation: zinc, copper, manganese and chromium in human
milk in the first month of lactation. Am J Clin Nutr. 1985;41:
1193–1200

22. Fleet IR, Linzell JL. A rapid method of estimating fat in very
small quantities of milk. J Physiol. 1964;175:15P–17P

23. Daly SEJ, Di Rosso A, Owens RA, Hartmann PE. Degree of
breast emptying explains changes in the fat content, but not
fatty acid composition, of human milk. Exp Physiol. 1993;78:
741–755

24. Butte NF, Wills C, Jean CA, Smith EO, Garza C. Feeding
patterns of exclusively breast-fed infants during the first four
months of life. Early Hum Dev. 1985;12:291–300

25. Riordan J, Aurbach KG. Breastfeeding and Human Lactation.
Boston, MA: Jones and Bartlett Publishers; 1993

26. Kent JC, Mitoulas LR, Cox DB, Owens RA, Hartmann PE.
Breast volume and milk production during extended lactation
in women. Exp Physiol. 1999;84:435–447

27. Daly SEJ, Owens RA, Hartmann PE. The short-term synthesis
and infant-regulated removal of milk in lactating women. Exp
Physiol. 1993;78:209–220

28. Aksit S, Ozkayin N, Caglayan S. Effect of sucking characteristics
on breast milk creamatocrit. Paediatr Perinat Epidemiol. 2002;
16:355–360

29. Butte NF, Wong WW, Hopkinson JM, Smith EO, Ellis KJ. In-
fant feeding mode affects early growth and body composition.
Pediatrics. 2000;106:1355–1366

30. Dewey KG, Peerson JM, Brown KH, et al. Growth of breast-fed
infants deviates from current reference data: a pooled analysis
of US, Canadian, and European data sets. World Health Orga-
nization Working Group on Infant Growth. Pediatrics. 1995;96:
495–503

31. Withers PC. Comparative Animal Physiology. Fort Worth, TX:
Saunders College Publishing; 1992

32. Mitoulas L, Kent JC, Cox DB, Owens RA, Sherriff JL, Hart-
mann 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

33. Cox DB, Owens RA, Hartmann PE. Blood and milk prolactin
and the rate of milk synthesis in women. Exp Physiol. 1996;81:
1007–1020

34. Woodward DR, Rees B, Boon JA. Human milk fat content:
within-feed variation. Early Hum Dev. 1989;19:39–46

PEDIATRICS Volume 117, Number 3, March 2006 e395

Downloaded from http://publications.aap.org/pediatrics/article-pdf/117/3/e387/1069946/zpe0030600e387.pdf
by UCLA Digital Coll Svcs user
on 15 June 2022


