
The Journal of Nutrition
Nutrient Requirements and Optimal Nutrition

Human Milk Sampling Protocols Affect
Estimation of Infant Lipid Intake
Alexandra D George,1 Melvin CL Gay,1 Kevin Murray,2 Beverly S Muhlhausler,3,4 Mary E Wlodek,5

and Donna T Geddes1

1School of Molecular Sciences, The University of Western Australia, Perth, Australia; 2School of Population and Global Health, The
University of Western Australia, Perth, Australia; 3School of Agriculture, Food and Wine, The University of Adelaide, Adelaide, Australia;
4Commonwealth Scientific and Industrial Research Organisation, Adelaide, Australia; and 5Department of Physiology, School of
Biomedical Sciences, Faculty of Medicine, Dentistry and Health Sciences, The University of Melbourne, Victoria, Australia

ABSTRACT
Background: Human milk (HM) lipid content is highly variable, and infants consume different volumes of milk. This

makes precise sampling and calculation of the infant lipid intake problematic.

Objectives: In order to describe inaccuracies of estimates of lipid content introduced by various sampling protocols,

we compared the true infant lipid intake with estimated intakes using different milk sampling protocols.

Methods: Monthly milk samples (n = 1026) from months 1 to 6 of lactation were collected from 20 healthy, exclusively

breastfeeding women. Infant lipid intake was measured by 24-hour test-weighing at month 3. Total lipid content was

measured by creamatocrit. Concentrations and infant lipid intakes were calculated using 11 sampling protocols, using

either the true milk intake or an average of 800 mL/d. These estimates were compared with the true infant lipid intake

using repeated-measures ANOVA and linear mixed modeling with multiple comparisons.

Results: The mean maternal age was 32.0 years (SD ± 3.10), and infants were born term (40.1 ± 1.1 weeks) with a

mean birth weight of 3.87 kg (SD ± 0.39). The mean true infant lipid intake was 28.6 g/d (SD ± 9.8). The mean estimated

lipid intake using 1 morning pre-feed sample underestimated intake by >8.0 g/d. Estimates of infant lipid intake using

other sampling protocols and an assumed intake volume of 800 mL/d also resulted in a wide range of differences (0.8–

18.1 g/d) from the true intake. Use of 6 daily pre- and post-feed milk samples had a mean difference of only 0.1 g/d (95%

CI, −2.9 to 2.7) from the true intake.

Conclusions: A sampling protocol with 6 pre- and post-feed samples provides the most accurate estimate of lipid

intake if it is not possible to perform 24-hour test weights. The potential inaccuracies of sampling protocols should be

taken into consideration in the interpretation and translation of infant lipid intake results. J Nutr 2020;150:2924–2930.
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Introduction
Human milk (HM) provides human infants with the best start
at life, delivering a multitude of nutritive and nonnutritive
factors for optimal health and growth (1). An important yet
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complex factor is the HM lipid content. HM lipids are highly
variable, differing between women, increasing through a feed,
and displaying differences throughout the day (2). The reason
for this variability has not been comprehensively investigated,
but is likely due to the adsorption of milk fat globules to alveoli
or ductal walls, with globule displacement as the breast empties
(3). Because of this variation, sampling should be carefully
considered for research involving the HM lipidome for both
total lipids and individual lipid classes, such as triglycerides and
phospholipids.

HM studies have used a wide variety of sampling protocols:
some that account for lipid variability, but many that do not
consider the changes that occur. Sample collection methods
reported include pre-feed, pre-feed and post-feed, mid-feed, or
full expressions. Samples may be collected at 1 time point,
several time points, or at every feed over a 24-hour period (2,

Copyright C© The Author(s) on behalf of the American Society for Nutrition 2020. This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and

reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
Manuscript received June 10, 2020. Initial review completed July 1, 2020. Revision accepted July 24, 2020.

First published online September 4, 2020; doi: https://doi.org/10.1093/jn/nxaa246.2924

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/150/11/2924/5901455 by U

niversity of Adelaide user on 09 Septem
ber 2021

https://academic.oup.com/jn/
mailto:alexandra.george@research.uwa.\catcode `\ =10 \catcode `\ =10 \catcode `\ =10 \begingroup \let \let \let \def ##2{##1#2}\def 2##3{##1#2#3}\def ##3##4{##1#2#3#4}\catcode `\ \active \catcode `\ \active \catcode `\ \active \def ?{\endcsname ?}\let  \ignorespaces \endcsname \let  \endcsname \let  \ignorespaces \endcsname \endgroup \catcode `\ \active \catcode `\ \active \catcode `\ \active \ignorespaces \penalty -\@M ?\protect $\relax >$edu.au
http://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


4–8). In addition to the sampling protocol, the volume of
HM delivered to the infant is also an important consideration
for HM studies, as thriving infants may receive as little as
478 mL/d or as much as 1356 mL/d throughout lactation (9,
10). Due to the variability of both lipid concentrations and
intake volumes, daily infant intake is a more appropriate way
to investigate HM lipids and their impact on infant growth
and development. The milk volume ingested by the infant can
be measured by 24-hour test weighing of the infant pre- and
post-feed. Combining the feed volumes with the lipid content
of all pre- and post-feed samples across a 24-hour period is
currently the most representative way to measure infant lipid
intake, but this approach is more labor intensive and requires
more sensitive scales to complete than other protocols (9). For
this reason, studies often use 800 mL/d as a mean intake volume
or focus solely on lipid concentration. Inadequate sampling
protocols may result in large discrepancies from the true infant
lipid intake and, therefore, the infant energy intake, so it is
important to determine sampling protocols that are appropriate
for estimating the true infant lipid intake.

Therefore, the objective of this study was to estimate
infant lipid intake using 11 different sampling protocols, and
compare these estimates with the true infant lipid intake.
Dose estimates using each sampling protocol were carried out
assuming an 800 mL/d intake volume. The sampling protocols
were selected to be representative of existing protocols reported
in the literature (8). Using this methodology, we describe the
considerable discrepancies that arise from inadequate sampling,
and suggest the most accurate protocol for estimations of infant
lipid intake.

Methods

Women who intended to exclusively breastfeed were recruited in
pregnancy for a longitudinal study. Participants were excluded from
the study if their infant was born preterm, if the infant was fed any
supplementary foods before 6 months of age, or if there were any infant
health or growth concerns. There were 20 mother-infant dyads who
participated in this study. Infant weight, maternal BMI, and maternal
age at birth were recorded, and HM samples were collected monthly
from 1 to 6 months. At months 1, 2, 4, 5, and 6, participants collected
left and right pre-feed samples (2 mL) by manual expression into
sterile vials at 3 time points: morning (06:00–09:00), afternoon (13:00–
16:00), and evening (19:00–22:00). At 3 months, participants weighed
their infant before and after every feed for a 24-hour period, using
electronic baby weight scales (accuracy ± 2 g; Medela Inc.), in order
to measure the infant’s intake. Scales were calibrated regularly. In
conjunction with test-weighing at 3 months, pre-feed and post-feed
samples (2 mL) were collected at every feed, by manual expression,
into sterile vials (9). All samples were stored immediately at −20◦C
for less than 48 hours, prior to storage at −80◦C. Details recorded
for each sample were collection breast (left or right), collection time,
whether collection was pre- or post-feed, and whether the infant
was fed from that breast. Each sample was subjected to 1 freeze-
thaw cycle. Informed written consent was obtained from all study
participants. All research was carried out in accordance with relevant
guidelines and regulations. This study was approved by The University
of Western Australia Human Ethics Research Office (RA/4/20/
4023).

Total lipid content was measured using the creamatocrit method,
with samples analyzed in triplicate with relative standard deviation
(RSD) <3%. The mean creamatocrit (percentage) from 3 samples was
converted to concentration using the following equation (11):

Total lipid concentration (g/L) = (creamatocrit % − 0.59)/0.146

(1)

The true infant lipid intake was calculated at 3 months by
multiplying the mean lipid concentration of a feed (mean of pre- and
post-feed samples) by the volume of the feed, for all feeds in the
24-hour period. Estimated infant intake was calculated using 11
different sampling protocols, designed to be representative of sampling
protocols used in previous HM lipid studies (2, 4–8). The first feed of the
day was defined as the first infant feed after 06:00 h. The first breast was
defined as the breast (left or right) that the infant fed from first during
the feed. All protocols sampled the first breast, unless otherwise stated.
Sampling protocols containing post-feed samples (2/prepost/second and
6/prepost/daily) were only investigated at 3 months. Sampling protocols
3/pre/daily/L, 3/pre/daily/R, and 6/pre/daily/LR were not calculated
from the 3-month data, as it was not a true comparison. Estimations
of infant lipid intake were made using these protocols and assuming
an average 800 mL/d intake, as many studies have previously used an
average value if the volume was not measured (10). Estimations were
also carried out using each sampling protocol and the infant true volume
intake that was measured at 3 months. Sampling protocols are outlined
in Table 1.

The statistical analysis was carried out using IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp.). The concentrations of pre-feed
and post-feed samples were compared using all samples (n = 438) at
3 months, with repeated-measures ANOVA. The concentration of left
vs. right breast samples was compared using 6 monthly pre-feed samples
(n = 720) from each mother, with repeated-measures ANOVA. The
concentration of samples each month was compared using all samples
collected (n = 1026), including post-feed samples, as well as using
3 monthly pre-feed samples (n = 360). The concentration of morning
vs. afternoon vs. evening was made using 1 pre-feed sample (n =
720) for each time point each month. Concentrations were compared
using linear mixed models and pairwise comparisons, with mother
as a random effect and breast, month, or time of day as a fixed
effect. The concentration and intake for each sampling protocol was
compared against the true intake at 3 months, as the infant lipid intake
does not change through lactation. Linear mixed models and pairwise
comparisons were used to compare the average concentration or intake
resulting from each sampling protocol, with protocol included as a fixed
effect and the mother as a random effect. Standard graphical methods
were used to check the model assumptions. Results are presented as
means ± SDs (ranges) and with 95% CIs for comparisons. In all cases,
P values < 0.05 were considered significant, and Bonferroni adjustments
were carried out to account for multiple comparisons.

Results

Complete lactation sample sets were provided by 20 healthy,
exclusively breastfeeding women with term infants for months 1
to 6, including 24-hour infant test-weighing with pre- and post-
feed samples at 3 months (Table 2).

All participant mothers were normal and healthy, with steady
weight loss during lactation. Mothers had parity of 1 (n = 5),
2 (n = 10), and 3 (n = 5). All infants were born healthy and term
(>37 weeks; Table 2), and were growing appropriately on their
growth trajectories. There were 10 female and 10 male infants.

Total lipid concentration

Based on the intensive 24-hour sampling at 3 months, the
variation of lipid concentrations through the day was 3.5 to
106 g/L. The total lipid concentration was significantly higher
in post-feed samples than in pre-feed samples (P < 0.001;
Supplemental Table 1).

There were no significant differences between months for
the lipid concentrations of all collected samples (n = 1026;
Table 3; Supplemental Table 2). However, when the concentra-
tions of only 3 daily pre-feed samples were compared (Table 3),
concentrations were significantly different between 3 months
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TABLE 1 Description of sampling protocols

Protocol Description

True Mean of pre- and post-feed samples (multiplied by feed volume) for every feed in 24 hours
1/pre/am 1 pre-feed sample for the first feed of the day (06:00–09:00) from the first breast
1/pre/am/L 1 pre-feed sample before the first feed of the day (06:00–09:00) from the left breast
1/pre/am/R 1 pre-feed sample before the first feed of the day (06:00–09:00) from the right breast
2/pre/am/LR Mean of 2 pre-feed samples before the first feed of the day (06:00–09:00), 1 from the left breast and 1 from the right breast
3/pre/daily Mean of 3 pre-feed samples before morning (06:00–09:00), afternoon (13:00–16:00), and evening (19:00–22:00) feeds, each from the first breast
3/pre/daily/L1 Mean of 3 pre-feed samples before morning (06:00–09:00), afternoon (13:00–16:00), and evening (19:00–22:00) feeds, from the left breast
3/pre/daily/R1 Mean of 3 pre-feed samples before morning (06:00–09:00), afternoon (13:00–16:00), and evening (19:00–22:00) feeds, from the right breast
6/pre/daily/LR1 Mean of 6 pre-feed samples before morning (06:00–09:00), afternoon (13:00–16:00), and evening (19:00–22:00) feeds, from both the left and right breasts
1/pre/drained 1 pre-feed sample from the most drained breast (highest lipid concentration) at any time through the day
2/prepost/second2 Mean of 2 samples, pre-feed and post-feed, from the second feed of the day
6/prepost/daily2 Mean of 6 samples, pre-feed and post-feed, from morning (06:00–09:00), afternoon (13:00–16:00), and evening (19:00–22:00) feeds, from the first breast

1Not conducted at 3-month lactation.
2Conducted only at 3-month lactation.

and all other months (P < 0.05), with the exception of month 4
(P = 0.10; Supplemental Table 3).

An analysis of 3 daily pre-feed samples from each
month resulted in variations through the day, from morning
(28.6 ± 19.8 g/L) to afternoon (33.8 ± 21.4 g/L) to
evening (35.1 ± 20.5 g/L). The total lipid concentrations
were significantly different between morning samples and
afternoon or evening samples (P = 0.014 and P = 0.001,
respectively), but not between afternoon and evening samples
(Supplemental Table 1). The total lipid concentrations were not
significantly different between left (32.2 ± 6.7 g/L) and right
(32.8 ± 4.6 g/L) breast samples (Supplemental Table 1).

Sampling protocol lipid concentrations

At 3 months, the mean lipid concentration obtained using
the true sampling protocol was 38.5 ± 9.2 g/L, ranging from
21.6–53.5 g/L. Significant differences in concentrations were
observed between sampling protocols 1/pre/am, 1/pre/am/L,
2/pre/am/LR, 3/pre/daily, 1/pre/drained, and the true protocol
(Table 4).

True total lipid intake

The mean true daily lipid intake for this cohort of infants was
28.6 ± 9.6 g/d, ranging from 11.3–49.1 g/d (Figure 1).

Total lipid intake from alternate sampling protocols

When intake was calculated using an 800 mL/d intake volume,
estimates were significantly different from the true intake
for the 1/pre/am, 1/pre/am/L, 2/pre/am/LR, 1/pre/drained, and
2/prepost/second sampling protocols (Table 5). When intake
was calculated using the true intake volume, all sampling

TABLE 2 Cohort characteristics

Variable Value

Maternal age at delivery, y 32 ± 3 (26–37)
Infant birth age, weeks 40 ± 1 (38–42)
Maternal BMI at delivery 28.3 ± 6.0 (21.8–43.6)
Infant weight at birth, kg 3.87 ± 0.39 (3.30–4.66)
Number of breastfeeds, n 11 ± 3 (6–16)
Breastfeed volume, mL 71 ± 27 (30–158)
Infant milk intake, mL/24 h 728 ± 163 (419–946)

Data are for 20 exclusively breastfeeding women and their infants. Values are
mean ± SD (range), n = 20.

protocols estimated the intake to be significantly different from
the true intake, with the exception of the 3/pre/daily/R, 2/pre-
post/second, and 6/prepost/daily protocols (Table 4; Figure 2).
The 6/prepost/daily sampling protocol was the most accurate
when either 800 mL/d or the true intake volume were used.

Discussion

The results from this study provide evidence that HM sampling
protocols have a critical effect on the calculation of infant daily
lipid intake, with mean underestimates greater than 8 grams per
day, depending on protocol. This translates to an underestimate
of over 300 kJ/d energy intake, which is a considerable error
considering a 1-month-old infant has a required energy intake
of approximately 1800–2000 kJ/d. Currently, the most accurate
method of measuring the infant intake is test-weighing the
infant before and after every feed, and expressing pre- and post-
feed samples from each feed over a 24-hour period (2). This
method accounts for variation in milk lipids with respect to
the volume of milk removed from the breast for each feed. We
calculated the true infant lipid intake in this cohort of infants
to be 28.6 ± 9.8 g/d, similar to that measured by Kent et al. (9)
with test weighing (32.0 ± 7.7 g/d).

Large differences in the lipid concentration of HM samples,
and thus intake estimates, occur at different times due to
the highly variable lipid content in the milk. Changes in
lipid content are dependent on breast fullness, such that pre-
feed milk samples are lower in total lipids than post-feed
samples. Significant concentration differences at different times
are commonly reported in the literature; however, it is likely
that many of these are due to the random effects of HM
sampling (8). When all samples were considered (including

TABLE 3 Human milk lipid concentration

Month All samples, g/L 3 daily pre-feed samples, g/L

1 35.8 ± 11.0 (22.0–62.5) 37.2 ± 19.3 (4.9–88.8)
2 32.0 ± 10.0 (19.4–50.8) 31.6 ± 16.0 (4.2–70.3)
3 38.5 ± 9.2 (21.6–53.5) 22.1 ± 11.7 (7.3–57.3)
4 34.5 ± 9.5 (17.9–56.3) 30.6 ± 18.6 (6.2–92.9)
5 35.6 ± 11.3 (17.2–61.1) 32.2 ± 22.5 (4.9–120.6)
6 33.1 ± 10.1 (19.4–56.3) 33.3 ± 19.7 (6.2–95.3)

Data are based on all cohort samples collected and on 3 daily pre-feed samples, from
months 1 to 6 of lactation. Values are mean ± SD (range), n = 20.
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TABLE 4 Total lipid concentration

Sampling protocol
Concentration,

g/L1

Mean difference,
g/L2 P value3

1/pre/am 25.6 ± 18.1 − 12.9 (−20.4 to −5.4) 0.001
1/pre/am/L 27.6 ± 20.1 − 11.0 (−19.8 to −2.1) 0.016
1/pre/am/R 29.7 ± 19.6 − 8.8 (−17.5 to 0) 0.05
2/pre/am/LR 28.7 ± 14.9 − 9.8 (−16.4 to −3.1) 0.005
3/pre/daily 31.2 ± 13.2 − 7.3 (−12.5 to −2.2) 0.006
3/pre/daily/L4 33.7 ± 12.5 − 4.8 (−10.1 to 0.6) 0.08
3/pre/daily/R4 34.7 ± 14.0 − 3.8 (−10.2 to 2.7) 0.25
6/pre/daily/LR4 34.2 ± 10.3 − 4.3 (−9.0 to 0.4) 0.07
1/pre/drained 59.4 ± 19.9 19.9 (11.1–28.6) <0.001
2/prepost/second5 42.0 ± 13.5 3.5 (−0.9 to 7.8) 0.12
6/prepost/daily5 39.7 ± 9.30 1.2 (−0.5 to 2.9) 0.16

Data are for each sampling protocol, compared to the true protocol concentration.
Abbreviations: am, first feed of the day; daily, mean of samples taken from morning,
afternoon, and evening; drained, sample from the most drained breast (highest lipid
concentration) at any time through the day; L, left breast; pre, pre-feed sample; post,
post-feed sample; R, right breast; second, second feed of the day.
1Values are mean ± SD.
2Values are mean difference (95% CI).
3Bonferroni-adjusted.
4Not conducted at 3-month lactation.
5Conducted only at 3-month lactation. n = 20.

post-feed samples in month 3) there were no differences in
concentrations between months 1 and 6. However, when the
concentrations of only 3 daily pre-feed samples were compared
for each month, the month 3 samples were significantly different
to all other months (with the exception of month 4). This is
a likely indication that pre-feed samples collected at home by
the mother may be mistimed (between feeds or post-feed), in
contrast to more detailed 24-hour test weighing and sampling.
It has been proposed that these changes are a result of the milk
fat globule membrane adsorbing to the ducts and alveoli of the
mammary gland, releasing milk fat globules as milk is removed
(12).

Morning samples tend to be lower in total milk lipids, due to
the longer overnight intervals between feeds allowing the breast
to fill with more milk (2). Indeed, we showed that the single
sample collected in the morning (1/pre/am sample) had the
lowest lipid content (mean 25.6 g/L) and intake estimate (mean
20.5 g/d); when an 800 mL/d intake was assumed, the 1/pre/am
sample also produced the largest mean intake underestimate (of
8.2 g/d), compared to the true intake.

Lactating women typically produce different volumes of milk
from each breast, raising the possibility that the lipid content
from each breast may be different (9). Sampling protocols
often request samples from a specific breast, for sampling
consistency (13). We found the lipid concentrations did not
differ between breasts, and significant intake underestimates
occurred with 1 pre-feed sample, a left breast sample, or a
pooled left and right breast sample. A single morning sample
from the right breast estimated intake within 4.8 g/d of the
true intake, representing an energy underestimate of over
180 kJ/d despite not being significantly different to the true
intake (Table 5). Other HM sampling protocols require women
not to feed or pump from the breast for at least 2 hours
before sampling. This is to ensure filling of the breast with
newly synthesized milk and allow the collection of a large
sample volume; however, as aforementioned, increased fullness
of the breast is associated with a lower lipid content (3).
This is the likely reason that the 3/pre/daily samples remained
unrepresentative, with underestimates of 3.7 g/d or 140 kJ/d,
as the breast would have refilled, and the lipid content would
be the lowest. The addition of more pre-feed samples brought
the intake estimates significantly closer to the true intake
and 3/pre/daily, 3/pre/daily/L, 3/pre/daily/R, and 6/pre/daily/LR
sampling protocols, allowing for some of the lipid variability
that occurs with changing breast fullness, but was still at least
0.8 g/d different to the true intake (at least 30 kJ/d).

Due to increasing lipid content as milk fat globules
are displaced during removal of milk from the breast, it
was expected that the inclusion of post-feed samples would
substantially improve the intake estimate. Despite using samples

FIGURE 1 True infant lipid intake (g/d) measured in exclusively breastfeeding cohort of 20 mother-infant dyads. Mean (–) and standard deviation
(- -) are indicated.
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TABLE 5 Daily lipid intake

Sampling protocol
Using 800 mL/d,

g/d1

Mean difference,
g/d2 P value3

Using true volume
intake, g/d1

Mean difference,
g/d2 P value3

1/pre/am 20.5 ± 14.5 8.2 (2.0, 14.4) 0.010 18.0 ± 12.2 10.6 (5.6, 15.6) <0.001
1/pre/am/L 22.0 ± 16.0 6.6 (−0.7, 13.9) 0.048 19.7 ± 14.5 9.0 (2.7, 15.3) 0.006
1/pre/am/R 23.8 ± 15.7 4.8 (−2.3, 12.0) 0.18 21.3 ± 14.8 7.3 (0.8, 13.9) 0.029
2/pre/am/LR 21.0 ± 11.9 7.6 (2.6, 12.6) 0.003 20.6 ± 11.1 − 9.8 (−17.5, −2.2) 0.012
3/pre/daily 24.9 ± 10.5 3.7 (−0.7, 8.1) 0.10 22.5 ± 10.3 6.1 (2.4, 9.8) 0.001
3/pre/daily/L4 27.0 ± 10.0 2.3 (−2.9, 6.2) 0.47 24.3 ± 10.0 4.4 (0.5, 8.3) 0.029
3/pre/daily/R4 27.8 ± 11.2 0.8 (−4.5, 6.2) 0.76 25.2 ± 11.7 3.4 (−1.6, 8.5) 0.18
6/pre/daily/LR4 27.4 ± 8.2 1.3 (−2.8, 5.3) 0.54 24.7 ± 8.9 3.9 (0.4, 7.4) 0.027
1/pre/drained 46.7 ± 15.9 − 18.1 (−25.2, −10.9) <0.001 42.2 ± 16.8 − 13.6 (−20.2, −7.1) <0.001
2/prepost/second5 33.6 ± 10.8 − 4.9 (−9.5, −0.3) 0.037 30.8 ± 12.7 − 2.2 (−5.6, 1.3) 0.21
6/prepost/daily5 28.7 ± 6.7 − 0.1 (−3.7, 3.5) 0.97 28.9 ± 9.6 − 0.3 (−1.9, 1.3) 0.70

Data are for sampling protocols compared to the true protocol, calculated with 800 mL/d intake and the true infant volume intake. Abbreviations: am, first feed of the day; daily,
mean of samples taken from morning, afternoon, and evening; drained, sample from the most drained breast (highest lipid concentration) at any time through the day; L, left
breast; pre, pre-feed sample; post, post-feed sample; R, right breast; second, second feed of the day.
1Values are mean ± SD.
2Values are mean difference with (95% CI).
3Bonferroni-adjusted.
4Not conducted at 3-month lactation.
5Conducted only at 3-month lactation. n = 20.

from a “drained” breast with a higher lipid content, the
intake estimate was different to the true intake, significantly
overestimating the lipid intake by over 18 g/d (over 670 kJ/d).
This sampling protocol also had the highest lipid concentration
and largest SD (59.4 ± 19.9 g/L), and is a protocol that is
difficult to standardize due to the differing rates of synthesis and
degrees of breast emptying between different women. Pumping
the entire breast for the second feed of the day has also been
used in existing studies, to obtain a representative sample and,
often, to enable multiple analyses of different components (14).
To simulate this protocol, we pooled the pre- and post-feed
samples of the second feed of the day from the full 24-hour
sample set at 3 months, which resulted in the lipid intake being
significantly higher than the true intake, by 4.9 g/d (185 kJ/d).
Finally, collecting pre- and post-feed samples at 3 time points
through the day (6/prepost/daily) gave the closest estimate to
the true intake, overestimating by only 0.1 g/d (Table 5). This
difference represents an overestimate of less than 4 kJ energy,
and is therefore the most accurate estimation of true infant lipid
intake.

It is clear from this study that different sampling protocols
result in large discrepancies for both concentrations and intake
estimates, compared to pre- and post-feed sampling across a
24-hour period. This is not only due to the sampling protocols,
but also due to the use of a constant mean volume of 800 mL/d
intake for the estimation of total lipid intake. The major
advantage of collecting 24-hour pre- and post-feed infant
weights is that this protocol uses the actual volume ingested,
as intake volume differs widely between infants (419–946 mL/d
in this study). The use of 800 mL/d in calculations of intake
estimates resulted in large overestimates when the individual
intake was considerably lower than 800 mL/d and large
underestimates when the individual intake was considerably
higher than 800 mL/d. We have previously demonstrated the
impact of this finding in a case study of a breastfed infant
who was small for gestational age, where the HM lipid
concentrations were within normal range but the volume intake
was well below average (419 mL/d). If 800 mL was assumed to
be the daily intake volume, the lipid intake—and therefore the
energy intake—would have been grossly overestimated for this

infant (estimated 41.3 g/d vs. true 21.6 g/d) and not identified
as the primary reason for the infant’s poor growth (15).

In our comparison of intake estimates using the actual
infant intake volume with each sampling protocol, results were
inconsistent with the 800 mL/d intake assumption. Sampling
protocols 3/pre/daily/R and 6/prepost/daily remained signifi-
cantly close to the true intake, and only the 2/prepost/second
sampling protocol with the true volume had a significantly
improved intake estimate. This was surprising, as we expected
that using the true intake volume would improve the estimate,
but due to the possible mistiming of daily pre-feed samples,
800 mL/d with the 3/pre/daily, 3/pre/daily/L, 3/pre/daily/R, and
6/pre/daily/LR sampling protocols allowed for some of the lipid
variation associated with differing breast fullness and produced
estimates representative of the true infant lipid intake (despite
mean underestimates between 30 and 140 kJ/d energy).

A limitation of this study is that 24-hour sampling was
carried out only at 3 months, in order to measure infant
lipid intake. Ideally, 24-hour sampling carried out every month
would be the most robust study design; however, this technique
is burdensome for mothers as a repeated measure, and existing
literature suggests that there is little variation in 24-hour lipid
intake throughout lactation. Using this rationale, we deemed
established lactation intake at 3 months to be representative of
the true lipid intake of the breastfed infant throughout lactation,
and this was the reference by which we assessed methods,
irrespective of collection month (2). Due to this healthy cohort
and the extensive sampling carried out (1026 samples), with
samples taken through the day, over 6 months of exclusive
breastfeeding, and for a full 24-hour period in month 3, we were
able to explore many different sampling protocols with a sample
size of n = 20.

Based on this data, if 24-hour sampling and infant test-
weighing is not possible, the most reliable alternative sampling
protocol is matched pre- and post-feed samples through the day
(6/prepost/daily). As this protocol had a mean overestimate of
only 0.1 or 0.3 g/d, using both 800 mL/d and the true volume
intake, the discrepancy from the true intake was consistently
low and will have negligible effects on the translation of infant
lipid intake research.
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FIGURE 2 Daily lipid intake (g/d) comparison for each sampling protocol, estimated using 800 mL/d intake volume compared to the true infant
lipid intake, measured by 24-hour sampling and test weighing. (A) 1/pre/am; (B) 1/pre/am/L; (C) 1/pre/am/R; (D) 2/pre/am/LR; (E) 3/pre/daily; (F)
3/pre/daily/L; (G) 3/pre/daily/R; (H) 6/pre/daily/LR; (I) 1/pre/drained; (J) 2/prepost/second; and (K) 6/prepost/daily. The numbers indicate how many
samples were taken, with data shown as the mean for 2, 3, or 6 samples. Data are shown as median, lower and upper quartile, minimum and
maximum, mean (x), and outliers (•). Asterisks indicate difference from true lipid intake: ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. Abbreviations: am,
first feed of the day; daily, mean of samples taken from morning, afternoon, and evening; drained, sample from the most drained breast (highest
lipid concentration) at any time through the day; L, left breast; pre, pre-feed sample; post, post-feed sample; R, right breast; second, second
feed of the day.

In conclusion, a systematic comparison of different HM
sampling methods for the estimation of infant lipid intake
showed that collecting 6 pre- and post-feed samples across a
day provides results that are most comparable to the true infant
lipid intake as measured by 24-hour test weighing and sampling.
In contrast, all other alternative protocols considerably over- or
underestimated the infant lipid intake. The results of this study
indicate that careful consideration should be given to HM sam-
pling when interpreting the results of lipid measurements. When
either method is not feasible, consideration of the discrepancies
that are introduced by different sampling protocols is essential,
especially in translational research where estimations of lipid
intake are related to infant outcomes.
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