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Effect of maternal diet and body composition on
lactational performance1 �
Nancy F Butte, PhD, Cutherto Garza, MD, PhD, Janice E StzifJ MS. RD,

E 0 ‘Brian Smith, PhD, and Buford L Nichols, MD

ABSTRACT Milk production, dietary intake, and body composition of 45 lactating women
were monitored for 4 months postpartum to examine the interrelationships of these maternal
variables. A 3-day dietary record, 24-h test-weighing for determination of milk production, 24-h

milk collection, anthropometric measurements, and water displacement for estimation of body

fat were performed monthly. The overall mean (SD) energy intake was 2 186 (463) kcal/day.
Milk production (g/day) averaged 751 (130), 725 (131), 723 (114), and 740 (128) during the 4
sequential months. Weight postpartum was 64.6 (9.1) kg and was 59.3 (10.5) kg at 4 months.
Body fat determined by water displacement averaged 28 (7)% at 1 month and 26 (8)% at 4

months. Estimations of body fat from skinfold thickness ranged from 28 (5)% postpartum to 27

(5)% at 4 months. Energy balance calculations based on the energy available from the diet plus
the energy derived from tissue mobilization, minus the caloric equivalent of the milk, indicated
sufficient energy available for maintenance and activity needs. Thus, it appears that successful
lactation is compatible with gradual weight reduction and attainable with energy intakes less than

current recommendations. Am J C/in Nutr 1984:39:296-306.

KEY WORDS Lactation, diet, body composition, milk volume, milk composition, nutrient
requirements

Introduction

Lactational performance appears to be
preserved over a wide range of maternal
states. The gross composition of human milk
is remarkably constant among women of
varying nutritional status. The amount of
milk produced by nutritionally depleted
women is reduced, but only to a limited
extent (1). The preservation of milk produc-
tion results from the interplay of several
maternal factors, specifically the synthetic
capacity of the mammary gland, the meta-
bolic and hormonal milieu, maternal diet,
and the amount of mobilizable tissue re-
serves. The amount of milk required by
infants during the first few months of life
appears to be within the genetic potential of
most women.

The energy needed for milk production is

provided by the maternal diet and tissue
reserves. The interactions ofdiet and mater-
nal tissue reserves on the quantity and corn-
position ofmilk have neitherbeen examined
simultaneously nor longitudinally in one
study. The extent to which one energy
source can compensate for a deficit in the
other is unclear and the point at which milk
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production becomes compromised is unde-
fined. Moreover, the limits of the adaptive
mechanisms which preserve lactation have
not been quantified.

This study was designed to examine the
influence of maternal diet and body com-
position on lactational performance in a
group of privileged, presumably well-nour-
ished women. The information to be gained
is fundamental for the establishment of en-
ergy recommendations during lactation. An
evaluation of lactation in terms of growth
performance of the infants in this study will
be published elsewhere (2). Herein, we ad-
dress the impact of maternal diet and body
composition on lactational performance.
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Materials and methods

A 4-month longitudinal study was designed which
consisted ofstages ofscreening, postpartum counseling,
and observational studies at birth, 1 , 2, 3, and 4 months
postpartum. Potential subjects were identified in the
prenatal period. Participants were required to meet the
following selection criteria: healthy, nonsmoking, aged
I 8 to 36 yr. no chronic medications, parity one or two,

and the intent to breast-feed exclusively for at least 4
months. Infants were required to be healthy, term, and
appropriate size for gestational age. Informed consent
to the study protocol, approved by the Institutional
Human Experimentation Committees, was obtained
after delivery.

Within 3 days postpartum, a breast-feeding consult-
ant visited the mother to review basic breast-feeding
skills and performed anthropometric measurements on
the mother and infant. Whenever possible, the infant
was observed nursing at the breast to ensure proper
positioning. Throughout the study period, mothers had
access to the consultants for advice on breast-feeding
management. Pertinent information regarding mater-
nal health, labor, and delivery, and infant status was
extracted from the hospital records.

At approximately 2 wk postpartum, all subjects were
interviewed and oriented to study procedures by one
investigator (NFB) or a breast-feeding consultant. Ex-
plicit directions were given on the collection and freez-
ing of human milk. Each subject received detailed
instructions for the completion of 3-day dietary and
monthly morbidity reports.

The measurements of milk production and compo-
sition, dietary intake, anthropometry, and body com-
position were performed at monthly intervals. Obser-
vations were made at 35.4 (4.6), 63.8 (3.4), 91.3 (3.8),

and 119.0 (5.7) days postpartum, mean (SD). Study
procedures were conducted in the homes with the ex-
ception of the anthropometric and body compositional
measurements which were performed at laboratory fa-
cilities located in the Texas Medical Center.

Subjects

Forty-five women participated. Data are missing on
two subjects at month 3 due to maternal illness and a
scheduling oversight. Two subjects moved out of town
and failed to complete the last month of the study.
After 2 months, one mother stopped breast-feeding and
another discontinued participation due to personal rea-
sons unrelated to the study. Data of these six subjects
were included in the analysis.

The women reflected middle-upper socioeconomic
stratum. Mean maternal age was 28.0 (3. 1) yr; the mean
level of education attained was 15.4 (1.8) yr. Ethnic
background was distributed as follows: 4 1 Caucasian,
two Hispanic, one Asian, and one West Indian. Most
(82%) of the women were employed in professional or
technical positions before delivery.

Thirty-eight infants (84%) were delivered vaginally
and seven (16%) by Caesarian section. The mean
birthweight of the 45 infants was 3.58 (0.45) kg (range
2.56 to 4.57 kg). The mean gestational age according to
Dubowitz was 39.2 ( 1.8) (range 37 to 42 wk). There
were 27 males and 18 females. Apgar scores averaged
8.4 (0.7) and 9.2 (0.5) at I and 5 mm, respectively.
Forty-two percent of the infants were first born; the
remainder were second born.

Human milk intake. test-weighing procedure

The amount of breast milk ingested over a 24-h
period was determined by the test-weighing procedure
in which the infant was weighed before and after each
feeding on an automatic, electronic balance (Sartorius
3804 MP). Because of the relatively narrow intraindi-
vidual variation in daily milk production (2), a single
24-h estimate was considered to be representative. The
mothers were asked to change the infants’ diapers before
each feeding, not to change the infants’ clothing during
a feeding, not to alter the frequency or duration of their
usual lactation pattern, and to estimate any losses of
milk, urine, and feces not retained on the infants.

Milk collection

Breast milk was collected for compositional studies
within 3 days after the test-weighing procedure. Mothers
were instructed not to alter their usual feeding routine.
At each feeding throughout a 24-h period, the infant
was offered one breast and the contents of the contra-
lateral breast were expressed with the use of an Egnell
electrical breast pump (Cary. IL). Breasts were alter-
nated for feeding and pumping with successive feeds. If
necessary, infants were supplemented with human milk
which had been collected and frozen in advance.

Milk samples were refrigerated separately in sterile,
acid-washed polypropylene bottles for a maximum of
24 h and transported on ice to the laboratory where
volumes of each feeding were measured and a 24-h
pooled milk sample was composed.

Biochemical ana/;’sis

The heats of combustion of the milks were deter-
mined in an adiabatic bomb calorimeter (Parr) (3). A
weighed amount of milk (approximately 0.2 g) was
combusted with a known amount of mineral oil. Nitro-
gen was analyzed by the Kjeldahl method before and
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after trichloroacetic acid (10%, 1:1 volume) precipita-
tion, and nonprotein nitrogen was estimated from the
difference between total and protein nitrogen (PN) (4).
PN was converted to protein by the factor 6.25. Fat was
determined gravimetrically after methylene chloride cx-
traction, a modification of the Roese-Gottlieb method
(5); lactose was determined using an automatic analyzer
(YSI Model 27, Yellow Springs, OH) which detects the
hydrogen peroxide produced during the oxidation of
galactose.

Dietary anal;’sis

Each subject completed a 3-consecutive day dietary
record which included 1 weekend day. The subjects
were instructed to continue normal eating patterns and
to keep a complete and accurate record of all meals,
snacks, and other foods eaten, including those con-
sumed outside the home. Use of nutrient supplements
was ascertained by interview. Subjects were instructed
to express all food quantities in common household
measures and to provide a complete description of the
preparation and cooking of the food items. All food
items listed in the record were converted into food and
quantity codes according to the USDA handbook 456-
3 (6) nutrient files, and a computer program applied
the nutrient data files from Agriculture handbook 456-
3 to calculate the daily intake of 22 nutrients and
compute the percentage consumed of the recom-
mended dietary allowances for lactation (7). Nutrient
supplements were not included in the dietary analysis.

Ant hropometrv

Maternal weight was measured between 10:00 AM
and 4:00 PM on a beam balance and height was meas-
ured with an upright extension meter. Mothers were
dressed in bathing suits only. Skinfold thickness was
measured using Lange calipers at the following sites:
triceps, biceps, suprailiac, and subscapular (8). These
measurements generally were made by one person with
the exception of observations made in the hospital.

Body composition

Maternal body fat was calculated according to Siri
(9) from water displacement measurements in a Whit-
more volumeter (San Antonio, TX). Residual lung
volume was estimated by a modification of the standard
oxygen-dilution technique (10). Gastrointestinal gases
were approximated to be 100 ml. Lean body mass
(LBM) was calculated from the difference between body
weight and body fat. Maternal body fat also was pre-
dicted from skinfold thickness based on the equation
derived by Durnin and Womersley (11). LBM was
determined by difference.

Maternal energy balance

Estimation of maternal energy balance was based on
either body fat and LBM changes calculated from skin-
fold measurements, maternal weight changes, or water
displacement methods. Energy balances were computed
for individuals and then averaged for group means at
each monthly interval. The energy equivalents applied
to weight, fat, and LBM changes were assumed to be
6500,9100, and 1200 kcal/kg, respectively. Conversion

of dietary to milk energy was assumed to be 80%
efficient. Residual energy for maintenance and activity
needs was that which remained from dietary energy
after accounting for the milk produced and changes in
body weight and composition.

Statistical analysis

The Scientific Information Retrieval Data Base
Management System (12) was utilized for quality con-
trol of data, update capability, and to interface with
Minitab (13) for descriptive and statistical analysis,
which included the Pearson correlation and regression.
Trends over time were tested by fitting polynomial
regressions to individuals.

Results

Milk production

Milk production averaged 733 (89) g/day
overall and did not vary significantly over
the four months of observation (Table 1).
The mean coefficient of variation in milk
production over the 4 months was 17%,
which reflected the variability between in-
dividuals. The mean coefficient of variation
in milk production within individuals over
the four months was 12%. The number of
feedings per day declined slightly over time.
The correlation relating feeding frequency
to the amount of milk produced was not
statistically significant (r = 0. 10 to 0. 14).
Corrections were not made for the amount
of vomitus which was noted infrequently.
There were no reported losses of urine or
feces. The composition of the representative
24-h pooled milk samples is displayed in
Table 1. The volume of milk expressed for
analysis was equal to 49 (1 7)% of the 24-h
milk production determined by test-weigh-
ing. The number of feedings included in the
24-h milk aliquots was equal to 90 (22)% of
the number recorded during the test-weigh-
ing sessions.

Consecutive monthly values of total nitro-
gen, PN, fat, and calories were correlated
significantly (r = 0.42 to 0.74, p � 0.01) to
their subsequent monthly values indicating
a degree of consistency in milk composition
within mothers. Similarly, the quantities of
milk produced were significantly correlated
at months one and two (r = 0.57, p � 0.01)
and at months three and four (r = 0.49, p �
0.01).
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TABLE I
Milk production over the first 4 months of lactation

Mot

(n=37)

Mo2
(n=40)

Mo3
(n=37)

Mo4
(n=41)

Human milk(g/day) 751 (l30)t 725 (131) 723 (114) 740 (128)

Feedings(no/day) 8.3 (1.9) 7.2 (1.9) 6.8 (1.9) 6.7 (1.8)
Total nitrogen (mg/g) 2.17 (0.30) 1.94 (0.24) 1.84 (0.19) 1.80 (0.21)
Protein nitrogen (mg/g) 1.61 (0.24) 1.42 (0.17) 1.34 (0.15) 1.31 (0.17)
Nonprotein nitrogen (mg/ 0.56 (0.28) 0.52 (0.20) 0.50 (0.13) 0.48 (0.14)

g)
Fat (mg/g) 36.2 (7.5) 34.4 (6.8) 32.2 (7.8) 34.8 (10.8)
Energy (kcal/g) 0.68 (0.08) 0.64 (0.08) 0.62 (0.09) 0.64 (0.10)

* At the onset of the study, milk was estimated by deuterium dilution, a technique that was later determined

to be inaccurate (14). For this reason, data are missing at 17 time points during the first 3 months.
t Mean (SD).
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Maternal dietary intake

Maternal energy intake (Table 2) de-
creased significantly over the 4 months of
lactation (p � 0.01). Nutrient analysis of the
3-day dietary records revealed an overall
mean energy intake of 2 1 86 (463) kcal/day
or 37 ( 10) kcal/kg/day. The range of re-
ported mean 3-day energy intakes varied
widely from 1099 to 4398 kcal/day. The
mean coefficient of variation in energy in-
take for the 4 months was 26% which rep-
resented the variability between individuals.
The monthly variation in energy intake
within individuals was 17% (mean coeffi-
cient of variation). The daily variation in
energy intake calculated from 3-day records
was 19% (mean coefficient ofvariation). The
group mean for energy intake was 7, 15, 13,
and 16% below the recommended allowance
for energy (NRC) at the 4 respective months.
Overall, 17% ofthe energy was derived from
protein, 37% from fat, and 46% from car-

bohydrate.
The ingested amounts of protein, phos-

phorus, vitamin A, thiamin, riboflavin, nia-
cm, and ascorbic acid provided between 96
to 155% ofthe recommended dietary allow-
ances for lactation. Calcium intake provided
between 84 to 102% of the recommended
dietary allowances. The diets provided 80%
of the iron recommended for nonpregnant,
nonlactating women.

Most mothers (94%) continued the use of
their prenatal multivitamin-mineral supple-
ments during lactation. Additional iron and
calcium supplements were taken by 33 and
23% of the women, respectively.

Anthropometry

Maternal weights displayed a gradual,
steady decline over the 4 postpartum
months (p � 0.00 1) (Table 3). The overall
rate of weight loss was 48 g/day. A mean
weight loss of 3.8 (2.3) kg occurred during
the 1st month, followed thereafter by a mod-
est decline of 0.67 (0. 1 1) kg/month. A wide
range of maternal weights was represented
in this study (41 to 9 1 kg); maternal weights
were 16 (6) (range 0 to 29%) above prepreg-
nancy weights at the onset of lactation and
5 (7)% (range -10 to 21%) above after 4
months oflactation. There was considerable
variability in the rate of weight change
among the women. Excluding the first
month which was associated with postpar-
tum diuresis, weight changes ranged from
-5.6 to 5.5 kg/month.

The skinfold measurements are presented
in Table 3. Triceps and biceps skinfold thick-
nesses did not change significantly during
the study period. Measurements of the su-
prailiac and subscapular skinfolds (p �
0.001) and the sum of all sites (p � 0.002)
decreased significantly over time.

Body composition

Maternal body fat calculated from the
water displacement method decreased from
28 (7)% at 1 month postpartum to 26 (8)%
at 4 months postpartum (p � 0.001) (Table
4). Maternal body fat predicted from skin-
fold thickness decreased from 28 (5)% post-
partum to 27 (5)% by the 4th month of
lactation (p � 0.001). The estimations of
maternal body fat by these two methods did
not differ significantly. Overall, LBM aver-
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Mol Mo2 Mo3 Mo4
(n = 43) (n = 44) (n = 40) (n = 40)

2334 (536)* 2125 (582) 2170 (629) 2092 (498)
93 (21) 85 (23) 87 (25) 84 (20)

Protein(g/day)
% (RDA)
% Energy

98
153
17

(28)
(44)
(4)

91
143
17

(27)
(42)
(3)

89
140
17

(25)
(39)
(4)

87
136
17

(20)
(31)
(3)

Fat (g/day)
% Energy

93
36

(29)
(5)

88
37

(28)
(6)

90
37

(39)
(6)

87
37

(25)
(4)

CHO (g/day)
% Energy

277
48

(69)
(7)

289
45

(72)
(7)

249
46

(76)
(7)

241
46

(72)
(6)

Calcium (mg/day)
% (RDA)

Phosphorus (mg/day)
% (RDA)

Iron (mg/day)t

Vitamin A (lU/day)
% (RDA)

Thiamin (mg/day)
% (RDA)

Riboflavin (mg/day)
% (RDA)

Niacin (mg/day)
% (RDA)

Ascorbicacid(mg/day)
%(RDA)

150
150

(90)
(90)

124
124

(78)
(79)

114
114

(81)
(81)

115
115

(56)
(56)
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TABLE 2
Maternal dietary intake during lactation

Energy (kcal/day)
% recommended dietary allowances

(RDA)

1219 (543) 1030 (466) 1024 (478) 1009 (460)
102 (45) 86 (39) 85 (40) 84 (38)

1722 (553) 1496 (456) 1467 (459) 1465 (434)
144 (46) 125 (38) 122 (38) 122 (36)

16.2 (4.8) 14.1 (3.7) 13.9 (4.0) 13.5 (2.7)

9070 (5920) 8532 (5341) 7598 (4807) 7126 (3775)
151 (99) 142 (89) 127 (80) 119 (63)

1.9
124

(0.9)
(61)

1.5
96

(0.6)
(40)

1.5
99

(0.5)
(31)

1.5
102

(0.7)
(46)

2.6
155

(1.1)
(64)

2.1
121

(0.7)
(47)

2.1
124

(0.8)
(49)

2.1
125

(0.8)
(50)

23.6
131

(8.4)
(47)

20.3
110

(5.8)
(36)

20.5
114

(7.2)
(40)

20.2
112

(5.9)
(33)

* Mean (SD).

t Thirty to 60 mg iron are recommended for 2 to 3 months after parturition in order to replenish stores
depleted during pregnancy. This quantity is not readily attainable from typical American diets, therefore,
supplemental iron is recommended.

aged 43.6 (4.9)% based on water displace-
ment measurements and 44. 1 (5.0)% esti-
mated from skinfold thickness.

Maternal energy balance

The residual energy for maintenance and
activity averaged 19 12 (398) kcal/day based
on the weight changes over the four months
of lactation (Table 5). It may be misleading
to assume that the weight loss in the 1st
month of lactation represented adipose tis-
sue since approximately 2 kg of water is lost
in the puerperium; therefore, the overall
mean residual energy was calculated for

months 2, 3, and 4 and was found to be
174 1 (380) kcal/day.

Energy balance based on skinfold meas-
urements indicated a mean residual energy
of 180 1 (378) kcal/day over the entire 4
months. Exclusion ofthe 1st month reduces
the mean residual energy to 17 14 (364) kcal/
day. The estimations from water displace-
ment averaged 1729 (430) kcal/day overall.
Water displacement measurements were not
made in the postpartum period.

Relationships between energy intake and
anthropometric changes

As energy intake increased, weight change
became progressively less negative or more
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positive. Significant correlations were dem-
onstrated between maternal weight change
and energy intake during months 3 and 4 (r

� 0#{149}C 00 ri � �. � _� s� = 0.50, p � 0.0 1). The summary regression
� � of these two months was Y = -3.68 +
0

� ‘0 ‘f� � 0.0014 X, where Y r’�presented maternal
� � � � r�t - oc � r-�

o� � - � r-� � �#{243}r’i � weight change (kg/month) and X repre-
,‘� I--- r�4sOr\1

sented maternal energy intake (kcal/day).
Similar patterns were observed in the rela-
tionships between energy intake and change
in body fat predicted by water displacement� � ©� -: ‘1 Cl � -� � O� throughout the 4 months of lactation. As

� � dietary energy increased, the change in body
0

� r-sOr�t fat became less negative [Y = -2.75 +
r’4 � 0 sO r� t�- � - �-
� c; - � r.:,,� � r� � � 0.0010 X, where Y represented the change
‘0 I� r9sor�1

in body fat (kg/month) and X signified ma-
ternal energy intake (kcal/day)J. (r = 0.37 to
0.6 1, p = 0.05 to 0.01).

The total amount ofenergy available from
� © o� � r- � � � � ri the diet and tissue reserves was fairly con-

r� stant throughout the 4 months postpartum.
0

� r�- r�- o� Based On water displacement measure-
r- � © ‘,� O� � O� r’4� IF’) �� � - � t.- � �o � � � ments, the overall mean energy available
sO �-- r�lsOr�4

was 2282 (315) kcal/day: 2140 (386) kcal/

day provided by the diet and 156 (224) kcal/
day mobilized from tissue reserves. An in-
verse relationship was demonstrated be-

,,�C � r�i so � c�t o� � � tween energy intake and the amount of en-
-

0 ergy mobilized from LBM and body fat over
� r’. � � the 4 months (r = 0.5 1, p � 0.01). Milk

r� r� © o� os� � Os� � �
- � e� � � sO ‘r� � � production was not significantly correlated
sO l�

to the total amount ofenergy available from
the diet and tissues.

The effect ofinaternalfaciors on milk

,_� � �‘ �‘ .-‘ � � � production
E �©� o� � � ‘r�r- r’� 0Q (N
C � Maternal age did not influence the
a
� © � amount of milk produced. By study design.

0. � eiri0�_:�f.a\.
�. 0 - �o 0#{176}r- �o oc �o parity was limited to a maximum of two
‘0 �-

. children. Although virtually all the multi-
nil

.9 ii .:� parous women had breast-fed their first

� ;:� child, there was no significant difference be-
�. tween their milk production and that of the

-�IIooII � � primiparous mothers. By the 4th month of
� II

#{149}�II �‘

‘0 �I fi � II lactation, seven ofthe women had resumeda
cJ 0 � menses, however, they did not differ from

�BI� �.

n 1 � � - � the rest of the group with respect to thenh -H- �
.� II ,� � � � fi � II >� amount of milk produced. the number of

� � � fat.� .,_�‘fl fi �-� � feedings per day, or the percentage of body
n1�c� � �

Dietary energy intake was significantly
a � correlated with milk production (g/day) at

<elI �
* � months 2 and 3 (r = 0.32; .38� p � 0.05). A

summary regression equation describes the
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TABLE 4
Body compositional changes during lactation predicted from measurements of water displacement and skinfold
thickness

Mo Water displacement Skinfoid thickness
postpartum Body density Body fat (%) LBM (%) Body density Body fat (%)t LBM (‘�)

0 1.036 (0.01 14 28.1 (5.0) 46.3 (4.8)
1 1.036 (0.016) 28.0 (7.4) 43.7 (4.8) 1.036 (0.010) 27.6 (4.6) 44.1 (5.0)
2 1.038 (0.014) 27.2 (6.3) 44.0 (5.5) 1.037 (0.01 1) 27.3 (5.0) 43.7 (5.3)
3 1.039 (0.016) 26.3 (6.8) 43.8 (5.4) 1.037 (0.01 1) 27.2 (5.3) 43.4 (5.1)
4 1.040 (0.016) 26.3 (7.6) 43.2 (5.2) 1.038 (0.01 1) 27.0 (5.1) 42.9 (5.4)

* 134�Jy fat (%) calculation based on triceps, biceps, and subscapular skinfold thickness. Due to measuring

difficulties, the suprailiac site was not used in the calculation.
t No statistically significant differences between methods (paired t test).

:1:Mean (SD).

TABLE 5
Maternal energy balance during lactation

Energy Energy
interval Energy �uiv�ent �uivaent Res�duai

(n) intake � � milk producedt energy�

Calculated from weight change (kcal/day):
MoO-l (32) 2390(539) -726(409) 652(171) 2463 (656)
Mo 1-2(39) 2098(536) -141 (275) 586(146) 1653 (470)
Mo2-3(35) 2232(594) -147(287) 581 (154) 1798 (489)
Mo3-4(37) 2089(496) -251(432) 590(137) 1750(473)
Mol-4(45) 2182(453) -154(243) 595(111) 1741 (380)

Energy Energy Residual
equivalent equivalent ene v�

body fat change* LBM changel

Calculated from skinfold thickness (kcal/day):
MoO-I (32) 2390(539) -353(344) -88(69) 652(171) 2179 (593)
Mo 1-2(39) 2098(536) -82(335) -15(48) 586(146) 1610(470)
Mo2-3(35) 2232(594) -22(423) -24(43) 581(154) 1697(531)
Mo3-4(37) 2089(496) -193(322) -21(62) 590(136) 1713(424)
Mol-4(45) 2182(453) -110(216) -18(28) 595(111) 1714(364)

Calculated from water displacement values (kcal/day):
Mo 1-2(35) 2054(513) -268(691) 11 (103) 584(146) 1727(645)
Mo2-3(34) 2221(599) -119(738) -12(100) 585(155) 1766(788)
Mo 3-4 (37) 2089 (496) -126 (801) -30 (102) 590 (136) 1655 (678)
Mol-4(45) 2182(453) -137(316) -6(39) 595(111) 1729(430)

* Assumption: energy equivalent of wt changes = 6500 kcal/kg.

t Assumption: 80% energetic efficiency for converting dietary to milk energy.
:J:Residual energy = energy intake - energy equivalent wt change - energy equivalent of milk produced.
§ Assumption: energy equivalent of body fat change = 9100 kcal/kg

II Assumption: energy equivalent of LBM change = 1200 kcal/kg
#{182}Residual energy = energy intake - energy equivalent body fat change - energy equivalent LBM change -

energy equivalent of milk produced.
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relationship as Y = 556 + 0.077 X where Y
represents milk production (g/day) and X
signifies energy intake (kcal/day). Approxi-
mately 13% of the variability in milk pro-
duction was accountable by dietary energy
intake. The dietary components, protein,
carbohydrate, and fat, had no detectable im-
pact on milk quantity or quality.

There were no significant interactions be-

tween milk quantity/quality and the battery
of maternal anthropometric indices. The
variables explored were maternal weight,
height, metabolic size (weight #{190}),body sur-
face area, change in body fat, prepregnancy
weight, and weight gain during pregnancy.

There were a total of 68 reported mci-
dences of maternal illness, among which
colds, mastitis, headaches, and influenza
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predominated. Because study procedures
were postponed in the event of illness, the
direct effect of morbidity on milk produc-
tion could not be evaluated.

Discussion

The intent of this study was to examine
the influence of maternal diet and body
composition on lactational performance
among well-nourished women. Anthropo-
metric, dietary, and socioeconomic data sug-
gest that these women were well nourished.
Their educational level and income bracket
would suggest, although not insure, that ac-
cess to an adequate diet was not limited by
lack ofknowledge or funds. Adequate weight
gains during pregnancy, 14.4 (3.3) kg, and
satisfactory infant birthweights, 3.58 (0.45)
kg, are indirect indicators ofgood nutritional
status during pregnancy. These mothers en-
tered lactation with ample energy reserves.
Although their diets contained somewhat
less than the recommended allowance for
energy, they provided sufficient quantities
of protein, vitamin A, thiamin, niacin, and
ascorbic acid, which indicates a judicious
selection of nutrient-dense foods. It should
be noted that the computerized dietary pro-
gram did not analyze the diets for several
nutrients which tend to be marginal in diets
ofreproductive women, eg, vitamin B6, zinc,
folic acid, and magnesium. However, the
conscientious ingestion of vitamin-mineral
supplements probably safeguarded against
dietary insufficiencies.

The adequacy of lactational performance
may be evaluated by the quantity and qual-
ity of milk produced and by the growth of
the recipient infant. The levels of milk pro-
duction recorded in this study conformed to
the classic observations of Wallgren (1 5) and
to more recent reports in the literature (4,
16-19). Typical milk production rates
ranged from 600 to 900 g/day. Although
exceptionally high milk outputs have been
cited for Australian women (20), it is unclear
whether or not their performance is typical
of most lactating women.

The milk composition in this study was
within expected norms. The concentration
of TN and its partitiDn between PN and
nonprotein nitrogen were similar to those of

other studies (4, 2 1). The fat concentrations
agreed with some reports (22, 23), but were
at variance with others (24, 25). The energy
density, 0.65 (0.09) kcal/day, was slightly
less than the generally accepted norm of 0.67
kcal/day and can be attributed to the slightly
lower fat concentration, 34.3 (6.9) mg/g.
The 24-h milk aliquot obtained in this study
accounted for diurnal variation in fat con-
centrations and changes throughout a single
feed, and therefore may be more represent-
ative of an infant’s average intake than al-
ternative sampling techniques.

Infant growth compared favorably with
NCHS reference standards (26). The mean
weights of these infants were consistently
greater than the mean weights of NCHS
study populations. There was a slight tend-
ency for weight for age percentiles to de-
crease after the first month of life at a rate
of 2.6 percentile/month. However, none of
the infants displayed clinically significant
deviations from growth percentiles defined
at birth.

It may be concluded that the lactational
performance of these women was adequate
by most standards. Difficulties arise, how-
ever, in the attempt to compare the perform-
ance ofthe women in this study with that of
women in various studies performed under
different experimental conditions or proce-
dures. Nevertheless, the milk production
and resultant infant growth encountered in
the present study were consistent with re-
ports from well-nourished populations.

The energy intakes, 2 186 (463) kcal/day
or 37 (10) kcal/kg/day, recorded in this study
were consistent with recent reports in
the literature of well-nourished, lactating
women (27-30), although not invariably so
(3 1-34). Recent reports from the US mdi-
cate a mean energy intake of approximately
2027 kcal/day, or 32.5 kcal/kg/day in those
studies where maternal weight was meas-
ured. In contrast, investigations conducted
in the UK, Scotland, and Australia found
higher energy intakes among lactating
women, which averaged 2708 kcal/day or
45.2 kcal/kg/day in those studies stipulating
maternal weight. Regression analysis indi-
cated that a caloric intake of approximately
2600 kcal/day was associated with no weight
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loss which would be undesirable for most
women in the present study.

In the foregoing dietary studies, milk pro-
duction was not measured, but was assumed
to he adequate. In this study, milk produc-
tion was dependent partially on maternal
energy intake. In the 2nd and the 3rd
months postpartum, a significant correlation
was found between milk production and
maternal energy intake, although energy in-
take accounted for only 13% ofthe variabil-
ity in production. Consumption of a diet
that is constantly low in energy may result
in a diminution in milk production of din-
ical significance to the infant.

Clearly, mobilization of maternal tissue
reserves can subsidize the energy cost of
lactation. The inverse relationship between
energy intake and the amount of energy
mobilized from LBM and body fat substan-
tiates the adaptive interaction of diet and
body reserves. Irrespective of the methodo-
logical approach, the estimated energy mo-
bilized from the tissues was less than the 200
to 300 kcal/day assumed in the calculation
of the recommended dietary allowances for
energy during lactation. On the average,
2300 kcal/day derived from diet and tissue
reserves seemed to be required for adequate
milk production among these women. Milk
production was not dependent, however, on
the amount of tissue reserves. Mothers
whose body fat content was less than 20%
did not produce less milk; they did, however,
tend to consume more energy, 2369 (364)
kcal/day. It would be misleading to propose
a critical energy level required for milk pro-
duction for all women. A recommended
range of energy intakes would be more ap-
propriate since a woman’s total dietary en-
ergy requirement is highly dependent upon
her metabolic and activity needs, as well as
her tissue reserves.

Energy expenditure was not measured in
this study, but was deduced from maternal
energy balance calculations. Regardless of
the methodological approach, approxi-
mately 1730 kcal/day were available for
maintenance and activity needs after ac-
counting for the energy cost of lactation.
The basal metabolic requirement (BMR) of
these lactating women would be 1389 (132)
based on body surface area calculated ad-

cording to Fleish (35). Subtracting this from
the residual energy, approximately 340 kcal/
day would remain for activity.

Blackburn and Calloway (27) measured
total and basal energy expenditure in a group
of mature, lactating women. The BMR of
12 lactating women 8 to 12 wk postpartum
averaged 1 157 ( 164) kcal/day or 18.2 kcal/
kg/day. The BMR calculated for the women
in this study may be an overestimation, be-
cause ofthe increased adiposity postpartum.
Total energy expenditure among the lactat-
ing women described by Blackburn as seden-
tary, averaged 1852 ( 166) kcal/day, which is
comparable to the residual energy calculated
for the women in this study. The partition
ofresidual energy between maintenance and
activity needs is somewhat arbitrary, but
nevertheless informative. The approach
used in this study derived estimates of BMR
which appeared slightly elevated and esti-
mates of activity needs which seemed
slightly low, even for sedentary lifestyles.

The level of energy balance attained by
these lactating women was physiologically
sound. The energy available from the diet
and tissue reserves adequately supported
milk production and normal metabolic and
activity needs. The majority of women was
in negative weight balance, but not to their
detriment. Most mothers were still above
their prepregnancy weights at 4 months
postpartum.

It would appear, therefore, that the red-
ommended energy allowance of 2500 kcal/
day is in excess ofthe needs ofthese lactating
women. It should be noted that this recom-
mendation is based on a milk production of
850 g/day which is greater than that ob-
served in this study. The overall mean intake
of 2 1 86 kcal/day supported adequate lacta-
tion and permitted a gradual reduction in
maternal weight. This conclusion is contin-
gent on the reliability of the dietary records.
The 3-day records were verified against 7-
day records in a previous study and found
to be in agreement (36), nevertheless, the
relative uncertainty of dietary intake is fully
acknowledged.

Human milk produdtion and composition
are recognized to vary considerably among
individuals. Within the ranges encountered
in this study, maternal characteristics ex-
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plained only a small portion of the variabil-
ity in milk production. Besides the moderate
influence of maternal energy intake on milk
production already discussed, dietary com-
ponents were not related to milk quantity or
quality. Neither body size nor composition
influenced milk production. Although there
appeared to be some consistency of milk
quantity and quality within individuals, the
determinant maternal characteristics were
not identified.

Summary

Successful lactational performance was
documented in 45 well-nourished mothers.
Milk production, in terms of quantity and
quality, and infant growth were satisfactory
by current standards. Maternal energy in-
takes were less than current recommended
allowances, but compatible with adequate
milk production and a gradual reduction in
maternal weight.

The authors thank the women who cooperated in
the study; CJ Heinz, JM Hopkinson, PhD, CA Jean,
and L Smith for field work; M Saldivar, M Peter, and
L Sneider for technical assistance; CA Wills for data
management; ER Klein for editorial review, and ME
Boyd and CA Daniels for skillful preparation of the
manuscript.

References

1. Jelliffe DB, Jelliffe EF. The volume and composi-
tion of human milk in poorly nourished commu-
nities. Am J Clin Nutr l978;3l:492-5l5.

2. Butte NF, Garza C, Smith EO, Nichols BL. Human
milk intake and growth performance of exclusively
breast-fed infants. J Pediatr (in press).

3. Miller DS, Payne PR. A ballistic bomb calorimeter.
BrJ Nutr l959;13:50l-8.

4. Lonnerdal B, Forsum E, Hambraeus L. A longitu-
dinal study of the protein, nitrogen, and lactose
contents of human milk from Swedish well-nour-
ished mothers. Am J Clin Nutr 1976;29: 1 127-33.

5. Horwitz W, ed. Official methods of analysis of the
Association of Official Analytical Chemists. 12th
ed. Washington, DC: Association of Official Ana-
lytical Chemists, 1975:258.

6. Adams CF. Nutritive value of American foods in
common units. USDA Agricultural Handbook no
456. Washington, DC: Agricultural Research Serv-
ice, USDA, 1975.

7. National Research Council. Food and nutrition
board: recommended dietary allowances. 9th rev
ed. Washington, DC: National Academy of Sci-
ences, 1980.

8. Durnin JVGA, Rahaman MM. The assessment of
the amount of fat in the human body from meas-

urements of skinfold thickness. Br J Nutr
1967;2l:68l-9.

9. Siri WE. Body composition from fluid spaces and
density. University of Colorado Donner Labora-
tory Medical Physics Report, March 19, no 3349,
1956.

10. Wilmore JH, Vodak PA, Parr RB, Girandola RN,
Billing JE. Further simplification of a method for
determination of residual lung volume. Med Sci
Sports Exercise 1980;12:2l6-l8.

1 1. Durnin JVGA, Womersley J. Body fat assessed
from total body density and its estimation from
skinfold thickness: Measurements on 48 1 men and
women aged from 16 to 72 years. Br J Nutr
1974;32:77-97.

12. Robinson BN, Anderson GD, Cohen E, et al. Sci-
entific information retrieval. User’s manual version
2. Evanston, IL: SIR, Inc. 1980.

13. Ryan TR, Joiner BL, Ryan BF. Minitab version
81.1, 1981.

14. Butte NF, Garza C, Smith EO, Nichols BL. Eval-
uation of the deuterium dilution technique against
the test-weighing procedure for the determination
ofbreast milk intake. Am J Clin Nutr 1983;37:996-
1003.

15. \Vallgren A. Breast milk consumption of healthy
full-term infants. Acta Paediatr Scand 1945;
32:778-90.

16. Whitehead RG, Paull AA. Infant growth and hu-
man milk requirements. Lancet I 981:2:161-3.

17. Chandra RK. Breast-feeding, growth, and morbid-
ity.Nutr Res l98l;l:25-31.

18. Picciano MF, Calkins EJ, Garrick JR. Deering RH.
Milk and mineral intake ofbreast-fed infants. Acta
Paediatr Scand 198 1;70: 189-94.

19. Dewey KG, Lonnerdal, B. Nutrition, growth, and
fatness ofbreast-fed infants from one to six months.
Fed Proc l982;4l:352(abstr).

20. Rattigan 5, Ghisalberti AV, Hartmann PE. Breast
milk production in Australian women. Br J Nutr
198 1;45:243-9.

2 1. Lonnerdal B, Forsum E, Hambraeus L. The protein
content of human milk. I. A transversal study of
Swedish normal material. Nutr Rep Int
1976;I3:l25-34.

22. Hytten FE. Clinical and chemical studies in human
lactation. Br Med J l954;2:234-49.

23. Picciano MF, Guthrie HA. Copper, iron, and zinc
contents of mature human milk. Am J Clin Nutr
1976;29:242-54.

24. Hall B. Uniformity ofhuman milk. Am J Clin Nutr
1979:32:304-12.

25. Macy 1G. Composition of human colostrum and
milk. Am J Dis Child 1949;78:589-603.

26. National Center for Health Statistics. NCHS
growth curves for children, birth to 18 years. Wash-
ington, DC: United States Department of Health,
Education, and Welfare Publication no (PHS) 78-
1650, 1977.

27. Blackburn MW, Calloway DH. Energy expenditure
and consumption of mature, pregnant, and lactat-
ing women. J Am Diet Assoc 1976:69:29-36.

28. Sims LS. Dietary status of lactating women. J Am
Diet Assoc l978;78:l39-46.

 at P
E

N
N

S
Y

LV
A

N
IA

 S
T

A
T

E
 U

N
IV

 P
A

T
E

R
N

O
 LIB

R
A

R
Y

 on S
eptem

ber 15, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


306 BUTTE ET AL

29. Stuff JE, Garza C, Smith EO, Montandon CM,
Nichols BL. Energy intakes during lactation. San
Diego, CA: 12th International Congress of Nutri-
tion, August 16-21, 1981, 157(abstr903).

30. Allen LH, Dalton CM. Diet, body composition,
and weight change in lactating women. San Diego,
CA: 12th International Congress of Nutrition, Au-
gust 16-21, 1981, l57(abstr904).

31. English RM, Hitchcock NE. Nutrient intakes dur-
ing pregnancy, lactation, and after the cessation of
lactation in a group of Australian women. J Nutr
I 968;22:6 15-24.

32. Thomson AM, Hytten FE, Billewicz W. The energy
cost of human lactation. Br J Nutr 1970;24:565-
72.

33. Whichelow MJ. Success and failureof breast-feed-
ing in relation to energy intake. Proc Nutr Soc
l976;62A(abstr).

34. Naismith, Di, Ritchie CD. The effect of breast-
feeding and artificial feeding on body weights, skin-
fold measurements and food intakes of 42 primi-
parous women. Proc Nutr Soc 1975;
34:11 6A(abstr).

35. Fleish A. Le metabolisme basal standard et sa de-
termination au moyen du metabulicaculator. Helv
Med Acta 195l;l8:23.

36. Stuff JE, Garza C, Smith EO, Nichols BL, Montan-
don CM. A comparison of dietary methods in
nutritional studies. Am J Clin Nutr 1983:37:300-
6.

 at P
E

N
N

S
Y

LV
A

N
IA

 S
T

A
T

E
 U

N
IV

 P
A

T
E

R
N

O
 LIB

R
A

R
Y

 on S
eptem

ber 15, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/



