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Abstract
The aim of the study was to determine the concentrations of macronutrients and the mineral and trace element
composition in maternal milk of Japanese women. We collected human milk samples from mothers living throughout
Japan from December 1998 to September 1999, and defined as group A the 1197 samples among them that met the
following conditions: breast milk of mothers who were under 40 years old, not in the habit of smoking and/or using
vitamin supplements, and whose babies showed no symptoms of atopy and whose birth weights were 2.5 kg or more.
We then analyzed their contents individually. We also analyzed the amino acid and free amino acid composition of the
breast milk of pooled samples from various lactation stages.

Large differences were found to exist among the contents of individual human milk samples. The mean contents
of each component were as follows: energy, 66.3713.3 kcal/100mL; solid matter, 12.4671.56 g/100mL; ash,
0.1970.06 g/100mL; total nitrogen, 0.1970.04 g/100mL; lipids, 3.4671.49 g/100mL; carbohydrates, 7.5870.77 g/
100mL; lactose, 6.4470.49 g/100mL; pH, 6.570.3; osmotic pressure, 299714mOsm/kg �H2O; chloride,
35.9716.2mg/100mL; sodium, 13.578.7mg/100mL; magnesium, 2.770.9mg/100mL; phosphorus, 15.073.8mg/
100mL; potassium, 47.0712.1mg/100mL; calcium, 25.077.1mg/100mL; chromium, 5.974.7 mg/100mL; manga-
nese, 1.172.3 mg/100mL; iron, 1197251 mg/100mL; copper, 35721 mg/100mL; zinc, 1457135 mg/100mL; and
selenium, 1.770.6 mg/100mL. The content of each component varied greatly as the duration of lactation increased. In
conclusion, it appears to be necessary to evaluate individual differences of human milk in order to perform valid
research regarding infant formula.
r 2005 Elsevier GmbH. All rights reserved.
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Introduction

Human milk is considered to be the best source of
nutrition for the human infant [1,2], but nursing using
ee front matter r 2005 Elsevier GmbH. All rights reserved.
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milk-based formulas and/or milk substitutes is generally
recommended in Japan when it is difficult to bring up an
infant on mother’s milk. Nutrient levels in formulas for
infants are generally modeled on the composition of
human milk and one goal of the improvement of infant
formulas is to make them even more similar to human
milk [3]. However, this goal is far from being attained. One
of the reasons for this is that not much data is available
about ‘‘mother’s milk’’ which can be used for reference.
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Many excellent studies have made measurements of
the components of human milk [4–17], but data that
could be used for comparisons of samples are limited,
since researchers often used pooled milk samples and
did not have a well-defined study population. In
addition, they did not use a uniform sampling procedure
or the same methods of biochemical analysis and/or
instrumental analysis with the same degree of precision
and accuracy, and in some cases did not store samples
properly. Therefore, data that allow reliable compar-
isons from one study to another are not available.

There have been a few comprehensive studies regard-
ing the composition of breast milk of Japanese women,
but all of them were performed before 1990 [18–20].
However, the recent drastic changes in eating habits of
Japanese people, such as the increased consumption of
processed foods, seem likely to have had significant
influence on the composition of breast milk of mothers.

Furthermore, trace elements such as iron (Fe), copper
(Cu), zinc (Zn), and selenium (Se) are known to be
essential for normal growth and development in infants,
but the literature on this subject is very limited [21–24].
Ferris et al. [8] pointed out that data useful for
comparison of samples are limited, because researchers
have often used pooled samples and did not have a well-
defined population. Butte et al. [9] examined the
concentration of macronutrients in the milk from five
mothers, and reported that variation among women was
greater than variation for a given woman over time for
all nutrients. They also pointed out that the reliability
of group estimates could be improved primarily by
increasing the number of subjects.

The present study aimed to clarify the lactational
influences on the concentrations of macronutrients –
nitrogen, carbohydrates, lactose, lipids, total solid
matter, ash, and energy content – and minerals and
trace elements – calcium (Ca), magnesium (Mg), sodium
(Na), potassium (K), phosphorous (P), chloride (Cl),
chromium (Cr), manganese (Mn), Fe, Cu, Zn, and
Se – in the breast milk on days 1–365 postpartum of
approximately 1190 mothers living in various regions in
Japan. The composition of total and free amino acids in
breast milk was also determined.
Materials and methods

Milk collection

The overall methods have been described previously
[25]. Briefly, human milk samples were randomly
collected twice, i.e., in summer (from July to September
1998) and winter (from December 1998 to March 1999),
from approximately 4000 mothers at various stages of
lactation (1–365 days postpartum), living in various
regions throughout Japan. Informed consent was
obtained orally from the subjects prior to enrollment
in this study. Approximately 50mL of human milk was
obtained at an intermediate time during suckling, placed
in a nylon bag (Kaneson, Osaka, Japan) and stored in a
freezer. At the same time, a personal information sheet
(date and time of milk collection, right and/or left
breast, mother’s age, smoking habits and/or use of
vitamin supplements, birth weight of infant, atopic
symptoms of her baby, and so on) was filled in by the
mother herself. Frozen milk samples and information
sheets were collected periodically by employees of Meiji
Dairies Corporation, and were transported by delivery
service at �20 1C to the Nutrition Research Institute,
and stored at �40 1C in a Sanyo Medical Freezer Model
U-442 (Osaka, Japan) until preliminary sample pre-
paration.
Preliminary milk preparation

Frozen human milk was thawed using tap water for
30min and sonicated in ice water with a Branson
ultrasonic cleaner model 5510J-MTH (Branson Ultra-
sonics Co., Dranbury, CT, USA) twice for 15min. The
milk was divided into aliquots in 5mL polypropylene
tubes (Assist Co., Tokyo, Japan), and then stored at
�40 1C until analysis.
Classification of human milk

Human milk samples were classified into four groups
(A, B, C, and D) according to information on the
conditions of the mother (age, smoking habits and use
of vitamin supplements) and/or of the infant (birth
weight, symptoms of atopy).

Group A: Breast milk of mothers who were under
40 years old, not in the habit of smoking and/or using
vitamin supplements, and whose babies showed no
symptoms of atopy and had birth weights of 2.5 kg
or more.

Group B: The conditions of the mothers’ age and the
birth weight of the babies were almost the same as those
of group A, but the mothers were habitual smokers, had
a habit of taking vitamin supplements, and/or had a
possibility of having taken some kind of medicine
around the time of the sample collection, according to
the personal information sheet.

Group C: The conditions of the mothers and babies
were almost the same as those of group A, but the age of
the mothers was over 40 years.

Group D: The conditions of the mothers were the
same as those of group A, but the birth weights of the
infants were under 2.5 kg.

Of 4056 samples that were collected in this study,
approximately 3170, 630, 30, and 200 samples were
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assigned to groups A, B, C, and D, respectively. Group
B was considered unsuitable for this study because of
the possibility that the mothers had taken some kind
of medicine. Furthermore, not a sufficient number of
samples could be collected from group C for analysis.
For group D, unfortunately no information could be
obtained on the gestational periods of the mothers at
delivery.

The number of specimens that could precisely be
analyzed for macronutrients, mineral and trace element
concentration was approximately 1350, and out of these
1197 belonged to group A.

Human milk samples of group A were further
classified into subgroups according to several character-
istics such as the season (summer or winter) and
lactation stage (1–5, 6–10, 11–20, 21–89, 90–179,
180–365 days), and were also divided into 17 subgroups
according to the regions where the mothers were living
in Japan. All of the mothers in this group were healthy
and the average age was 29.1273.99 years. They gave
birth to infants whose birth weight was 31357346 g.

Analytical determinations

Nitrogen and lipid analysis of human milk

Human milk samples were analyzed for their total
nitrogen using the Tecator Kjeltec system (2040 Digester
and 1026 Distilling units, Foss Japan, Tokyo, Japan)
based on the Kjeldahl method. Protein contents were
calculated from total nitrogen� 6.38 [26]. Lipid contents
were analyzed by the Röse-Gottlieb method.

Total solid matter and ash

Total solids in whole milk were measured after drying
1mL aliquots of thoroughly mixed samples at 10072 1C
for 3 h in porcelain crucibles until they reached constant
weight. Ash was further incinerated at 450 1C for 12 h
for determination of ash content. Results were expressed
in mg/100mL.

Carbohydrate and lactose content

Carbohydrates were calculated as: Carbohydra-
tes ¼ total solids�proteins�lipids�ash. Lactose content
was analyzed using a Bio-Flows-4 (Oji Scientific
Instruments, Hyogo, Japan) based on amperometric-
enzymatic methods.

Energy content

Gross total energy content was calculated as: Energy
¼ proteins� 4+fat� 9+carbohydrates� 4 according
to the Atwater general factor system.

Minerals and trace elements

Inductively coupled plasma atomic emission spectro-
metry (ICP-AES) measurements were done using a
sequential plasma spectrometer ICPS-7500 system
(Shimadzu Corporation, Kyoto, Japan) for simulta-
neous determination of multielements in breast milk,
namely Na, Mg, P, K, Ca, Cr, Mn, Fe, Cu, Zn, and Se.
For preparation for the analysis, except for Se, 10mL
aliquots of the whole milk samples were dried at 450 1C
for 2 h in ceramic evaporating dishes, and then dissolved
in 10mL of distilled deionized water supplemented with
2mL of 6mol/L HCl (solution A). Samples for Se
analysis were mineralized by heating in a microwave
oven using nitric acid and peroxide. In order to
determine the Fe, Cu, Zn, and Mn contents of the
sample, 1mL of solution A was transferred into a 10mL
volumetric flask and the flask was filled with Milli-Q
water (solution B). To determine the Na, K, Ca, Mg,
and P contents of the sample, 10mL of solution B were
transferred into a 100mL volumetric flask and the flask
was filled with Milli-Q water.

The plasma source used for spectrophotometry was
99.998% argon, and the wavelengths used for analysis
of Na, Mg, P, K, Ca, Cr, Mn, Fe, Cu, Zn, and Se were
589.592, 279.553, 178.287, 766.491, 422.673, 267.716,
257.610, 259.940, 324.754, 206.191, and 196.026 nm,
respectively. The calibration was performed using a
blank and two standard concentrations for each element
measured. The optimal operation conditions for ICP-
AES analysis of minerals/trace elements other than Se
were as follows: power, 1.2 kW; carrier gas flow rate,
0.7 L/min; plasma gas flow rate, 1.2 L/min; cooling gas
flow rate, 14.0 L/min. On the other hand, the optimal
operation conditions for ICP-AES analysis of Se were as
follows: power, 1.0 kW; carrier gas flow rate, 0.6 L/min;
plasma gas flow rate, 0.6 L/min; cooling gas flow rate,
8.0 L/min.

Cl was measured with a coulorimetric titration
method using a chloride counter (CL-6M, Hiranuma
Sangyo Co., Ltd., Japan).

Total amino acids and free amino acids

For analysis of total and free amino acids, pooled
samples of human milk were used. One milliliter
aliquots of five or 10 human milk samples from a given
lactation stage, region, or season were mixed together
well. For the lactation stages of the 21st–89th and
90th–179th day, one pooled sample was prepared for
every region except the Tokai area, where five pooled
samples were prepared. For each lactation stage of days
0–5, 6–10, 11–20, and 180–365, separate pooled samples
were prepared for the Kanto area (the area surrounding
Tokyo), the Kanagawa prefecture area, the Tokyo
metropolitan area, and the 23 wards of Tokyo because
adequate sample numbers were available. The total
number of pooled samples prepared for the amino acid
analysis was 119.

For the analysis of total amino acids, 1.0mL of
pooled milk and 1.0mL of HCl were mixed well and
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allowed to stand for 22 h at 110 1C under nitrogen. After
evaporation to remove HCl, 1mL of 0.02mol/L HCl
was added to these samples, which were then filtered
through a 0.45-mm pore size filter. A 0.5mL aliquot was
subjected to automated amino acid analysis using a
JLC-500V amino acid analyzer (JEOL Ltd., Tokyo,
Japan). Tryptophan, however, was assayed separately
by the modified fluorometric method of Nielsen and
Hurrell [27]. For the analysis of free amino acids, after
deproteinization with 2% sulfosalicylic acid and cen-
trifugation, the samples were analyzed using an amino
acid analyzer (L-8500A amino acid analyzer, Hitachi,
Ltd. Tokyo, Japan).
SDS-PAGE

Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed with a Mini-
PROTEANs electrophoresis cell and a gradient gel
(Ready Gel J 10–20%) (Bio-Rad Laboratories, USA).
The pooled samples were prepared for the analysis of
total amino acid composition according to the method
of Laemmli. Molecular weight calibration was achieved
with an LMW Marker kit (Amersham Pharmacia
Biotech, Buckinghamshire, UK). The protein concen-
tration of each sample applied to the gel was 1mg/mL.
The gel was stained with Coomassie blue R-250, and
images of bands on the gel were captured and analyzed
using the KODAK EDAS 120 system (Eastman Kodak,
NY, USA).
Chemicals and reagents

All reagents were of HPLC grade and purchased from
Wako Pure Chemical Co., Ltd. (Osaka, Japan).
Statistical analysis

Values are expressed as means7SD. Effects of the
different stages of lactation, season, and living district
on the concentrations were tested by the Kruskal–Wallis
test followed by the Mann–Whitney two-sample test.

Differences between means were considered signifi-
cant at po0.05. All statistical analyses were conducted
using a statistical computer program for Windows
(Stat View, Abacus Concepts, Inc., Berkeley, CA,
USA).
Ethical considerations

This study was approved by the Research and Ethics
Committee of the Nutrition Research Institute of Meiji
Dairies Corporation.
Results

The average macronutrient, mineral and trace element
contents of human milk samples are presented in
Table 1.

Although a large number of samples were obtained
for Group A (1197 samples), and the content of each
sample was analyzed individually, the number of
samples analyzed for each component was somewhat
smaller due to some problems in the analytical
procedures, e.g., lack of sample volume.

Because the milk samples were collected in two
different periods, namely in summer and winter, we
compared the data between them. Compared with solid
matter, ash, total nitrogen, and carbohydrates, the lipids
and mineral/trace element contents had large standard
deviations. Neither significant seasonal nor regional
variation was detected in the average level of any
component; thus, we next focused on possible lactation
period-dependent differences.

The concentration of each nutritional ingredient
according to the lactation stage is shown in Table 2.
Although there were large variations in the sample
numbers obtained at different lactation stages, the size
of the standard deviation of the levels of the ingredients
was almost the same at all stages.

The lipid content showed a time-dependent increase,
being higher in the period of days 11–89 than in
colostrum or mature milk. On the other hand, the
protein nitrogen concentration decreased significantly
during the year of lactation at different rates depending
on the stage of lactation.

The concentrations of total and free amino acids in
human breast milk according to the lactation stage are
shown in Tables 3 and 4, respectively. Although almost
all of the individual amino acid constituents of total
amino acids were decreased as the lactation stage
advanced, the constituent amino acids of free amino
acids could be roughly classified into three groups,
namely, (1) amino acids whose level increased as the
lactation stage increased: glutamic acid, glycine, and
alanine, (2) amino acids whose level decreased as the
lactation stage increased: phosphoserine, taurine, pro-
line, isoleucine, leucine, tyrosine, ornithine, lysine, and
arginine, (3) amino acids whose level remained almost
constant as the lactation stage increased: aspartic acid,
threonine, methionine, and histidine.

Fig. 1 shows representative results of the SDS-PAGE
analysis of the pooled samples. Comparison with the
protein bands of molecular weight markers revealed
that five proteins were detected in each pooled sample,
i.e., lactoferrin, albumin, b-casein, k-casein, and
a-lactalbumin. The level of lactoferrin decreased gradu-
ally as the stage of lactation increased, as indicated
by the relative intensity of each protein spot on the gel
(Fig. 2).



ARTICLE IN PRESS

Table 1. Composition of milk samplesa

Average7SD (n) Time of collection

Summer (n) Winter (n)

Energy (kcal/100mL) 66.3713.3 (1180) 65.6713.2 (587) 66.9713.3 (593)

Solid matter (g/100mL) 12.4671.56 (1180) 12.4171.59 (587) 12.5071.53 (593)

Ash (g/100mL) 0.1970.06 (1180) 0.1870.05 (587) 0.1970.06 (593)

Total N (g/100mL) 0.1970.04 (1180) 0.1970.04 (587) 0.1970.05 (593)

Lipids (g/100mL) 3.4671.49 (1180) 3.3971.46 (587) 3.5371.51 (593)

Carbohydrates (g/100mL) 7.5870.77 (1180) 7.6270.80 (587) 7.5570.75 (593)

Lactose (g/100mL) 6.4470.49 (1172) 6.4570.49 (579) 6.4370.48 (593)

pH 6.570.3 (1180) 6.570.2 (587) 6.570.3 (593)

Osmotic pressure (mOsm/kg �H2O) 299714 (1179) 301712 (587) 298716 (592)

Cl (mg/100mL) 35.9716.2 (1180) 38.7718.1 (587) 33.1713.5 (593)

Na (mg/100mL) 13.578.7 (1160) 13.879.6 (567) 13.277.7 (593)

Mg (mg/100mL) 2.770.9 (1170) 2.670.9 (577) 2.770.9 (593)

P (mg/100mL) 15.073.8 (1170) 14.673.4 (577) 15.374.1 (593)

K (mg/100mL) 47.0712.1 (1167) 45.5711.9 (574) 48.5712.2 (593)

Ca (mg/100mL) 25.077.1 (1170) 23.776.6 (577) 26.277.4 (593)

Cr (mg/100mL) 5.974.7 (1166) 6.773.9 (579) 5.175.2 (587)

Mn (mg/100mL) 1.172.3 (1167) 0.971.6 (580) 1.272.9 (587)

Fe (mg/100mL) 1197251 (1155) 1087252 (579) 1297249 (576)

Cu (mg/100mL) 35721 (1169) 36710 (582) 34729 (587)

Zn (mg/100mL) 1457135 (1165) 1327127 (582) 1597142 (583)

Se (mg/100mL) 1.770.6 (303) 1.870.6 (169) 1.770.7 (134)

aAverage7SD (n).
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On the other hand, the concentration of carbohy-
drates was almost the same throughout lactation except
in the sample from days 1–5, but the lactose content
increased during the course of lactation.

Concerning minerals and trace elements, the Na and
K concentration decreased significantly over time. The
Mg, P, Ca, and Cl concentrations showed significant
lactation-stage-specific differences, but the standard
deviation was large. The Cr concentration was higher
during days 21–89 and days 90–180, but the standard
deviation was also very large. On the other hand, the
concentrations of Mn and Fe remained almost constant
during all lactation stages. The Cu concentration was
also almost the same throughout lactation except in the
samples from days 181–365, whereas the Zn concentra-
tion decreased with increasing time of lactation.

We also determined the Se content of human milk
obtained at different stages of lactation from the
Japanese mothers by ICP-AES analysis. The Se content
of human breast milk from Japanese mothers was
almost constant at a level of about 2.5 mg/100mL during
days 1–20 and then decreased with increasing time of
lactation. Although the Se concentrations in human
milk were not affected by the region in Japan in which
the mothers lived (p ¼ 0.506), the Se concentration of
mothers who lived in eastern Japan was significantly
higher than that of mothers in western Japan
(p ¼ 0.0213, data not shown).
Discussion

The purpose of the present analysis was to quantify
parameters of human milk energy, nitrogen, lipids,
carbohydrates, lactose, mineral and trace element
concentration among presumably well-nourished Japa-
nese women. Our results were generally in agreement
with the results of investigations of Japanese mother’s
milk reported in the past [18–20]. However, it became
clear that there is a large standard variation in the
composition of Japanese mother’s milk. Yamamoto
et al. [18] reported differences in crude protein, ash, total
solids, fat, lactose and phosphorus contents due to
regional differences, but we could not find such region-
dependent differences because of a wide range of
standard variation.

We also found that the free amino acid composition
of human milk varied according to the stage of
lactation, and the pattern of this variation differed
depending on the amino acid. We did not determine the
physiological meaning of these variations of amino acid
levels, but the SDS-PAGE analysis of human breast
milk showed that protein components such as lactofer-
rin varied according to the lactation stage; thus, we
suppose that this variation of protein composition must
be related to the free amino acid composition.

We used the ICP-AES technique for assessing various
trace elements simultaneously. In agreement with many
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Fig. 1. SDS-PAGE profile of pooled samples of human milk from different lactation stages. Lanes 1 and 2, days 1–5; lanes 3 and 4,

days 6–10, lanes 5 and 6, days 11–20, lanes 7 and 8, days 21–89; lanes 9 and 10, days 90–180; lane 11, days 181–365; lane 12,

molecular weight markers. Experiments were repeated 17 times and this figure is representative of the typical experimental outcome.
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Fig. 2. The values represent the densitometric quantification

of each band expressed as a percentage of total intensity. The

bar graph shows the densitometric analysis of the gels. Bars

represent means7SD (n ¼ 17). Each protein was identified

from its molecular weight: J, lactoferrin; K, albumin; &,

b-casein; ’, k-casein; W, a-lactalbumin. Lactation stages

were as follows: A, days 1–5; B, days 6–10; C, days 11–20; D,

days 21–89; E, days 90–180; F, days 181–365.
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studies that made measurements of mineral and trace
element components in human milk [28–32], our results
indicated that the mean concentrations of various
minerals and trace elements, including Cr, Mn, Fe,
Cu, Zn, and Se, showed a wide range of standard
variation.

Unfortunately, we could not get information about
the trace element concentration in the serum of the
mothers who participated in our study, but it is well
known that the concentration of trace elements in
human serum may vary considerably depending on the
geographical region or the type of consumed food, and
hence it is supposed that the concentration of micro-
nutrients in milk may result from their content in the
local food products consumed by the mothers.
It is well known that trace element concentrations of
breast milk vary considerably among individuals and
decrease as the stage of lactation progresses. Wasowicz
et al. [24] reported that Se and Zn concentrations in
breast milk decreased rapidly as the stage of lactation
progressed. We are convinced from the results of the
present study that the Se and Zn content in the breast
milk of Japanese mothers is relatively high compared
with reported values of milk from other populations,
and that the content decreases with increasing time of
lactation.

There have been a few reports about Se content in
human breast milk [33–36], and at one time Se was
considered to be only of toxicological significance.
However, since the discovery that it is an essential
element for animals, and the discovery that it protects
cells against oxidative damage by peroxides, etc., strong
evidence has been obtained indicating that it is also
essential for humans. Rockens et al. [33] reported almost
the same concentration in the breast milk of Belgian
mothers as that observed in the present study and
pointed out that food consumption habits or other
factors regulate the milk Se content.

The Se content of breast milk is known to be affected
by maternal dietary Se intake, which depends on the
food Se content reflecting geographically different soils
[34]. In some countries, the geographic distribution of Se
has been elaborated into a ‘‘Se map’’ [37]. In Japan,
Mizutani et al. [38] reported a Se map based on analysis
of Se in soil from 150 points. Our results showed that the
Se concentration of the breast milk of mothers who lived
in eastern Japan was significantly higher than that of
mothers who lived in western Japan, but we could not
demonstrate a correlation between the Se concentration
in human milk and the distribution of Se content in
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Japan according to the Se map. No satisfactory
explanation has been proposed about why the higher
concentrations of Se and Zn are observed in particular
regions, but we think that there must be a large regional
difference of Se content in the soil among the various
prefectures in Japan. Furthermore, since the distribution
of agricultural products in Japan covers a large area, the
Se map may not necessarily be correlated with a
mother’s resident environment. We believe the concen-
trations of micronutrients, including Se, in milk depend
on many factors, but the maternal dietary intake is the
crucial one.

Because we could not acquire information about the
milk volume of each sample in our research, the quantity
of nutrients which the infants did take in remains
unknown. Moreover, neither non-protein nitrogen nor
oligosaccharides were examined. We hope to study these
questions in the future.

Changes continue to be made to infant formulas, and
these changes generally result in products with composi-
tions and functions closer to those of human milk. At
present we can only suggest that investigators be aware
that the potential for variation in milk composition
depending on the lactation period exists.
Conclusion

In summary, our results agree on the whole with
previous reports about the composition of human milk,
but it became clear that there is a large standard
variation in the composition regarding free amino acids
and trace elements such as Cr, Mn, Fe, Cu, Zn and Se.
We confirmed that the composition of human milk is
affected by factors such as stage of lactation, and varies
depending on the individual.
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