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BACKGROUND/OBJECTIVES: Breast milk is the best available food for optimum growth and development of infants and the 
breastfeeding rate is increasing in Korea. The purpose of this study is to measure the concentrations of macronutrients and 
to evaluate their changes according to lactation period in breast milk from lactating Korean women. 
SUBJECTS/METHODS: Milk samples were obtained from 2,632 healthy lactating women (mean age; 32.0 ± 3.3 years), where 
the lactating period was up to a period of 8 months, who also volunteered to participate in the Human Milk Macronutrient 
Analysis Research. Lactose, protein, fat and water content in the breast milk samples were analyzed with infrared spectrometry 
using MilkoScan FT-2. 
RESULTS: The mean macronutrient composition per 100 mL of mature breast milk was 7.1 g for lactose, 1.4 g for protein 
and 3.0 g for fat, and energy content was 61.1 kcal. The protein concentration was significantly lower in milk samples at 
1-2 weeks (2.0 g/dL) to 2-3 months (1.4 g/dL) than those at 0-1 week (2.2 g/dL), but it was similar among samples from 
3-4 months to 7-8 months (1.3 g/dL). Mean lipid levels varied among different lactational period groups (2.7-3.2 g/dL), but 
presented no significant difference. Lactose concentration in the milk samples did not differ with lactation period. Maternal 
body mass index was positively related to protein and lipid breast milk contents, but was negatively related to lactose content. 
General linear models examining the associations between maternal variables and milk macronutrient content revealed that 
lactation period had a major impact on protein and lipid, but not on lactose content in breast milk. 
CONCLUSIONS: These results warrant future studies to explore factors that may be associated with changes in macronutrient 
content in human milk. 
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INTRODUCTION*

Human breast milk, with its unique combination of essential 
nutrients and numerous bioactive factors [1], provides ideal 
nourishment and benefits to human infants for their survival, 
growth and development including brain development and 
cognition [2,3]. Exclusive breast milk feeding for the first 6 
months is recommended by the WHO [4] and UNICEF [5], and, 
this recommendation is adopted by many nations [6,7] 
including Korea [8]. 

Owing to increased awareness of the nutritional, immuno-
logical and cognitive benefits of human breast milk as well as 
food safety issues, there was a rising trend in the exclusive 
breast feeding rate during the first 6 months from less than 
10% in 2000 to 36.2% in 2009 [9]. However, the breast feeding 
rate in Korea failed to continue to increase and is rather 

stagnant to a current level of 25% [10] to 23.9% [11].
Determination of human breast milk composition has been 

a topic of extensive research among various populations and 
ethnic groups around the world [1,12-15]. Despite the heigh-
tened interest in breastfeeding, only a few reports have been 
published in Korea on the composition of human milk let alone 
other bioactive factors. Most of the existing studies, however, 
were conducted in the 1980s and 1990s [16-21], more than 20 
years ago and were subject to small sample numbers using 
separate analytical instruments for protein, fat, and lactose, 
which was time consuming. 

Recent advancements in human milk analytical instruments 
using infrared spectrometry have made rapid analysis of 
macronutrient composition in breast milk samples possible. 
Although many reports on the macronutrient and energy level 
of human milk samples are available in several countries 
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Results
(n = 2,632)

Lactating women

  Age, yrs   32.0 ± 3.3

  Height, cm  161.9 ± 4.9

  Weight, kg   60.1 ± 8.6

  BMI, kg/m2   22.9 ± 3.0

  Prepregnancy weight, kg   54.8 ± 8.0

  Prepregnancy BMI, kg/m2   20.9 ± 2.8

Neonates 

  Gestational age, day  276.3 ± 7.3

  Birth weight, g 3,274.4 ± 362.0

  Age, day   62.3 ± 66.4

Values are expressed as mean ± SD. 
BMI; body mass index

Table 1. General characteristics of lactating women and their newborn infants

[12,22,23] using this rapid analysis, only one study report is 
available in Korea [24]. Using a simplified model of the infrared 
spectrometry instrument, the report showed that macronutrient 
and energy level in breast milk vary significantly according to 
the body weight of infants, with protein and lactose being more 
variable than lipids. No other studies in Korea, to the best of 
our knowledge, have reported the macronutrient composition 
of breast milk in a large number of samples using a full spectrum 
infrared spectrometry method. We report in this paper the 
macronutrient and energy content of breast milk during the 
lactation periods of up to 240 days in Korean lactating women 
(n = 2,632).

SUBJECTS AND METHODS

Study subjects
Study subjects were lactating mothers from Postpartum Care 

Centers, Baby Fairs, and Breastfeeding Seminars, who agreed 
to participate in the study. From March 2013 to July 2014, a 
total of 3,271 lactating mothers were recruited. They were from 
Postpartum Care Centers in Seoul (n = 429) and 6 metropolitan 
cities [Busan (n = 64), Daejeon (n = 306), Daegu (n = 15), Gwangju 
(n = 140), Incheon (n = 15), Ulsan (n = 28)] and 21 cities from 
5 provinces [Gyeonggi 9 cities (n = 201), Chungcheong 3 cities 
(n = 73), Gangwon 3 cities (n = 191), Gyeongsang 5 cities (n = 
168), Jeonla 2 cities (n = 76) and an unidentified residential area 
(n = 1)]. Human milk samples were collected from lactating 
mothers who attended the Baby Fair held in Seoul (n = 361), 
Daejeon (n = 154), Daegu (n = 350), Gwangju (n = 157) and Busan 
(n = 489), and also from Breastfeeding Seminars held in 4 cities 
from 4 provinces [Gyeonggi Suwon (n = 13), Kangwon Wonju 
(n = 8), Chungcheong Cheonan (n = 13), Jeju Island (n = 19)].

Study participants were interviewed by trained interviewers. 
General information on demographic factors, socioeconomic 
factors, anthropometry (height, body weight before pregnancy 
and at the time of data collection), and health-related behaviors 
(cigarette smoking, alcohol drinking, and use of dietary 
supplements) was collected. Further information on pregnancy 
outcomes such as gestational age at delivery (weeks), neonatal 
gender, birth weight (g) and length (cm), as well as age (days) 
and body weight at sample collection was obtained from baby 
record books. The study protocols and consent forms were 
approved by the Institutional Review Boards (0627-201408- 
HRBR-002-03) at Maeil Human Milk R & D Center. All participants 
provided informed consent to participate in the study. 

From a total of 3,271 lactating women, 128 women whose 
gestational ages were < 37 weeks or ≥ 43 weeks and 65 who 
delivered babies with low birth weight (< 2.5 kg) or macrosomia 
(> 4.5 kg) were excluded. Of the remaining women, 210 women 
whose babies were ≥ 240 days old were excluded. Among the 
remaining subjects, 236 women whose BMI (body mass index) 
data were missing were excluded. Therefore, a total of 2,632 
women and their babies were eligible for the final analysis. 

Breast milk sample collection 
The breast was cleaned with water and the breast milk (45 

mL) was pumped, collected into a sterilized conical tube, and 
sent to the Maeil Human Milk R & D Center in an ice packed 

container. The breast milk samples were stored at -20 until 
analysis. No specific time during the day was defined for 
expressing breast milk samples. The full expression of milk was 
collected to prevent the collection of hindmilk or foremilk.

Macronutrient analysis of breast milk samples 
The frozen samples were thawed in a refrigerator and heated 

in waterbath until 37°C then homogenized before analysis. The 
fat, lactose and protein in the breast milk samples were 
analyzed using MilkoScan FT2 (Foss Analytical, Denmark). The 
MilkoScan is an infrared based milk analyzer that determines 
milk components (i.e. fat, protein, lactose, total solids and 
solids-non-fat). Within the infrared spectrum, fat, lactose and 
protein have characteristic absorption wavelengths. When the 
intensity of the light transmitted at precisely these wavelengths 
is measured, the concentration of the component is deter-
mined. The MilkoScan analysis data was in good agreement 
with that of conventional methods [25-27] (r = 0.990, 0.999, 
0.989 for protein, fat and lactose concentrations, respectively).

Statistical analysis
Statistical analyses were carried out using SAS 9.3 software 

(SAS Inc., Cary, NC, USA). The analysis of variance (ANOVA) and 
Scheffe's Test were used to compare milk composition at each 
lactation period. Partial correlation analyses, adjusted for lactating 
women’s age, were used to examine the relationships between 
the current BMI of lactating women and the concentrations of 
milk components at each lactation period. After adjusting for 
age and current BMI of lactating women, general linear models 
were used to examine the associations between maternal 
variables and macronutrient concentrations in human milk. The 
regression coefficients of the other seven periods were relative 
values compared to the reference (0-1 week). The significance 
was defined as P < 0.05.

RESULTS

General characteristics and milk macronutrient concentration
The maternal subjects were 32.0 ± 3.3 years old and had a 

pre-pregnancy BMI of 20.9 ± 2.8 kg/m2 (Table 1). The mean 
macronutrient composition per 100 mL of mature breast milk 
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Energy, kcal/dL Lactose, g/dL Protein, g/dL Lipid, g/dL

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range

0-1 wk (n = 246) 61.4 ± 8.5ab 37.6-99.5 7.0 ± 0.3 4.9-7.6 2.2 ± 0.3a 1.2-4.1 2.7 ± 1.0a 0-7.1

1-2 wk (n = 894) 63.7 ± 8.0ab 43.0-95.3 7.1 ± 0.3 5.4-9.9 2.0 ± 0.3b 0.8-2.8 3.0 ± 0.9a 0.6-6.6

2-4 wk (n = 303) 64.7 ± 8.3a 45.9-91.5 7.1 ± 0.3 5.4-7.8 1.8 ± 0.3c 0.6-2.7 3.2 ± 1.0a 1.1-6.3

1-2 mo (n = 137) 62.5 ± 12.3ab 41.7-116.5 7.0 ± 0.4 4.2-7.7 1.5 ± 0.3d 0.7-2.3 3.1 ± 1.5a 0.5-9.3

2-3 mo (n = 222) 62.5 ± 11.9ab 37.1-108.6 7.1 ± 0.5 5.5-9.3 1.4 ± 0.3e 0.5-2.6 3.2 ± 1.3a 0.6-7.8

3-4 mo (n = 230) 60.6 ± 12.1ab 39.7-105.7 7.1 ± 0.4 5.4-8.6 1.3 ± 0.3ef 0.6-2.0 3.0 ± 1.4a 0.5-8.1

4-5 mo (n = 235) 59.7 ± 12.1b 34.2-117.9 7.1 ± 0.4 5.5-8.9 1.3 ± 0.3ef 0.5-2.3 2.9 ± 1.4a 0.2-9.5

5-6 mo (n = 149) 60.3 ± 11.5b 38.0-98.7 7.1 ± 0.5 4.3-9.9 1.3 ± 0.3ef 0.5-2.9 3.0 ± 1.4a 0.4-7.9

6-7 mo (n = 115) 61.3 ± 12.0ab 40.7-99.6 7.1 ± 0.4 5.5-8.4 1.3 ± 0.2f 0.6-1.9 3.1 ± 1.4a 0.9-7.6

7-8 mo (n = 101) 61.9 ± 13.1ab 43.2-104.2 7.1 ± 0.4 6.0-9.1 1.2 ± 0.2f 0.6-1.7 3.2 ± 1.6a 0.8-8.2

P-value < 0.0001 0.1586 < 0.0001 0.0001

1 mo-8 mo (n = 1,189) 61.1 ± 12.1 34.2-117.9 7.1 ± 0.4 4.2-9.9 1.4 ± 0.3 0.5-2.9 3.0 ± 1.4 0.2-9.5

Values with different alphabets are significantly different among the groups by ANOVA at P < 0.05; with Scheffe's test.
wk; week, mo; month

Table 2. Breast milk composition according to the lactation period

Current BMI of lactating women

Energy Lactose Protein Lipid

Total (n = 2,614) 0.097*** -0.046* 0.247*** 0.060**

0-1 wk (n = 245) -0.039 -0.106 0.151* -0.044

1-2 wk (n = 890) 0.078* -0.029 0.061 0.070*

2-4 wk (n = 303) 0.072 0.042 -0.076 0.075

1-2 mo (n = 134) 0.039 0.008 0.113 0.025

2-3 mo (n = 220) 0.192** 0.031 -0.009 0.186**

3-4 mo (n = 228) 0.046 -0.025 0.151* 0.034

4-5 mo (n = 234) 0.146* -0.148* 0.153* 0.144*

5-6 mo (n = 147) -0.017 -0.069 0.128 -0.017

6-7 mo (n = 114) 0.059 -0.242** 0.014 0.082

7-8 mo (n = 99) 0.247* 0.017 0.155 0.219*

*P < 0.05, **P < 0.01, ***P < 0.001
BMI; body mass index, wk; week, mo; month

Table 3. Age-adjusted partial correlation coefficients between breast milk 
composition and the current BMI of lactating women

Energy Lactose Protein Lipid

B 95% CI P-value B 95% CI P-value B 95% CI P-value B 95% CI P-value

Intercept 57.808 (52.881, 62.734) < 0.0001 7.171 (6.995, 7.346) < 0.0001 1.907 (1.767, 2.046) < 0.0001 2.389 (1.815, 2.962) < 0.0001

Age of mother -0.093 (-0.210, 0.024) 0.1205 0.001 (-0.004, 0.004) 0.9704 0.003 (-0.001, 0.006) 0.0618 -0.012 (-0.025, 0.002) 0.0910

BMI, current 0.272 (0.138, 0.407) < 0.0001 -0.005 (-0.010, -0.001) 0.0320 0.007 (0.003, 0.011) 0.0003 0.029 (0.014, 0.045) 0.0002

0-1 wk 0 - 0 - 0 - 0 -

1-2 wk 2.496 (1.064, 3.928) 0.0006 0.042 (-0.009, 0.093) 0.1039 -0.191 (-0.231, -0.150) < 0.0001 0.343 (0.177, 0.510) < 0.0001

2-4 wk 3.643 (1.931, 5.354) < 0.0001 0.044 (-0.017, 0.105) 0.1576 -0.327 (-0.375, -0.278) < 0.0001 0.530 (0.331, 0.729) < 0.0001

1-2 mo 1.606 (-0.527, 3.739) 0.1400 -0.056 (-0.132, 0.020) 0.1469 -0.616 (-0.677, -0.556) < 0.0001 0.477 (0.229, 0.725) 0.0002

2-3 mo 1.521 (-0.334, 3.377) 0.1080 0.020 (-0.046, 0.086) 0.5455 -0.750 (-0.802, -0.697) < 0.0001 0.493 (0.277, 0.709) < 0.0001

3-4 mo -0.262 (-2.103, 1.579) 0.7800 0.006 (-0.059, 0.072) 0.8559 -0.830 (-0.882, -0.778) < 0.0001 0.337 (0.123, 0.551) 0.0020

4-5 mo -1.104 (-2.935, 0.727) 0.2371 0.031 (-0.035, 0.096) 0.3587 -0.817 (-0.869, -0.765) < 0.0001 0.227 (0.014, 0.440) 0.0368

5-6 mo -0.598 (-2.686, 1.490) 0.5745 0.036 (-0.038, 0.111) 0.3368 -0.859 (-0.918, -0.800) < 0.0001 0.299 (0.056, 0.542) 0.0158

6-7 mo 0.552 (-1.723, 2.826) 0.6344 0.035 (-0.045, 0.116) 0.3901 -0.872 (-0.936, -0.808) < 0.0001 0.433 (0.169, 0.700) 0.0013

7-8 mo 1.364 (-1.029, 3.758) 0.2637 0.072 (-0.014, 0.157) 0.0994 -0.916 (-0.983, -0.848) < 0.0001 0.527 (0.248, 0.805) 0.0002

R2 of model 3.0 0.7 56.9 1.9

P values of model < 0.0001 0.0630 < 0.0001 < 0.0001

BMI; body mass index, wk; week, mo; month

Table 4. General linear model for macronutrient content in breast milk 

(1-8 months) was 7.1 g for lactose, 1.4 g for protein and 3.0 
g for fat, and energy content was 61.1 kcal. Mean energy and 
lipid levels varied among the different 10 groups according to 
the lactation period, but compared to milk samples at 0-1 week, 
energy and lipid levels of those at 1-2 weeks, 2-4 weeks, 1-2 
months, 2-3 months, 3-4 months, 4-5 months, 5-6 months, 6-7 
months and 7-8 months presented no statistical differences. 
Lactose concentration also did not differ among all groups 
according to the lactation period. Protein concentration was 
significantly lower in samples at 1-2 weeks, 2-4 weeks, 1-2 
months, and 2-3 months than those at 0-1 week and did not 
differ among samples at 3-4 months, 4-5 months, 5-6 months, 
6-7 months and 7-8 months (Table 2).

Correlations of current BMI and milk composition of lactating 
women

After adjusting for maternal age, the current BMI was positively 
correlated with energy levels at 1-2 weeks, 2-3 months, 4-5 



436 Macronutrient composition of human milk

months, and 7-8 months, with protein levels at 0-1 week, 3-4 
months, and 4-5 months, and with lipid levels at 1-2 weeks, 
2-3 months, and 7-8 months, respectively. The current BMI was 
negatively correlated with lactose concentrations at 4-5 months 
and 6-7 months (Table 3).

Associations between maternal variables and milk composition 
Results from the general linear models examining the 

associations between maternal variables and milk macronu-
trients concentrations are shown in Table 4. The lactation period 
had a major impact on protein and lipid levels in breast milk, 
but not on lactose. The explanatory power of the regression 
model was 56.9% for protein. The current BMI of lactating 
women was positively associated with energy, protein and lipid, 
and negatively with lactose concentration.

DISCUSSION

We found that, among the macronutrients, protein and lipid 
levels were different depending of the periods of lactation. As 
for protein, the concentration was low in the later periods of 
lactation compared to that at 0-1 week, whereas for lipids, it 
was vice versa with no statistical difference. Lactose concentra-
tion did not differ with lactation periods. Maternal current BMI 
was positively associated with the breast milk content of 
protein, lipids and energy, and negatively associated to that 
of lactose. 

The milk protein content in our study was high compared 
to mature milk from well-nourished Swedish mothers (0.8-0.9 
g/dL [28]) but comparable to that of Chinese (1.58 g/ dL [29]) 
and Japanese mother (1.26 g/ dL [30]). The mean protein 
concentration was lower in samples at 1-2 weeks (2.0 g/dL), 
2-4 weeks (1.8 g/ dL), 1-2 months (1.5 g/dL), and 2-3 months 
(1.4 g/dL) than those at 0-1 week (2.2 g/ dL) and did not differ 
among samples at 3-4 months (1.3 g/dL), 4-5 months (1.3 g/dL), 
5-6 months (1.3 g/dL), 6-7 months (1.3 g/dL) and 7-8 months 
(1.2 g/dL). The high protein content in the breast milk of our 
subjects is in part due to the inclusion of non-protein nitroge-
nous substances. When we consider the amount of nitrogen 
from non-protein sources (approximately 25% of total nitrogen) 
in human milk, the protein concentration in mature breast milk 
samples (1.3 g/dL) from our study subjects is similar to that 
of other developed nations (0.9 g/dL [1]). In our study, the 
protein concentration was positively related with maternal 
current BMI, confirming the reports of other investigators [31].

The lipid content in the breast milk of our participants was 
lower in transitional milk (2.7 g/dL) than in mature milk (3.0 
g/dL), which did not differ during the lactation period. Similar 
to milk protein, milk fat content was positively related with 
maternal BMI. This is in line with results from previous studies 
[12,32]. The milk fat content in our study was low compared 
to that in China (3.4 g/dL [12]), Japan (3.56 g/dL [30]) and US 
(3.6 g/dL [31]). Fat is known to be the most variable macronu-
trient in human milk. It has been reported that fat content varies 
depending on maternal diet [33], hind- or fore-milk [34], 
morning/night or daytime/early evening feeding [35], and 
storage conditions [36]. 

Lactose concentration (7.1 g/dL) did not differ according to 

the lactation period with very little inter-individual variations. 
This was similar to recent data from China (7.1 g/dL [12]), but 
higher than that from Australia (6.0 g/dL [34]) and Brazil (6.4-6.5 
g/dL [13]). Although, the concentration of lactose in human milk 
is known to be the least variable of the macronutrients, it has 
been reported to vary from 6.3 to 8.1 g/dL [37]. Lactose, a source 
of galactose, is essential in the production of galactolipids in 
the central nervous system. Human milk contains the highest 
level of lactose [38] suitable for the development of the large 
human brain. Lactose is also believed to provide beneficial 
effects for gut physiology, including prebiotic effects, softening 
of stools, and enhancement of water, sodium and calcium 
absorption [39].

Energy content in mature milk [2-4 weeks (64.7 kcal/dL)] was 
higher than that in colostrum [0-1 weeks (61.4 kcal/dL)] as well 
during later periods of lactation [4-5 months (59.7 kcal/dL), 5-6 
months (60.3 kcal/dL)]. The differences in protein contents 
contributed to the energy content variations in mature milk 
depending on periods of lactation. 

Our study results showed that the nutritional composition of 
breast milk from Korean mothers is comparable to other 
developed countries [40,41]. Confirmation that the nutritional 
composition of their breast milk is acceptable will serve as 
positive feedback and motivational factor for Korean lactating 
mothers to maintain continued breastfeeding. Breastfeeding 
rates during the first six months in Korea have changed 
dramatically in recent decades [10,42] due to increased awareness 
of the nutritional, psychological, cognitive and economic 
benefits of breastfeeding among Korean mothers. A more 
supportive socio-environment such as breastfeeding room 
facilities that are easily accessible to lactating mothers has 
facilitated a rising trend in breastfeeding [42,43]. Sporadic but 
recurrent outbreak of food safety issues in infant formula [44,45] 
has also been a significant contributing factor for a surge in 
the breastfeeding rate in Korea. And yet, exclusive breastfee-
ding for 6 months in Korea is still far from the 2015 goal of 
56% [46]. One of the major factors for such low exclusive breast-
feeding rate in Korea is the mother’s lack of confidence in the 
milk volume and nutritional composition of her own milk [47].

Our study has several limitations. Even though our study 
participants were from all regions of Korea, the results of our 
study cannot be generalized as country representative because 
our data were generated from convenience samples. All of the 
breast milk samples were not necessarily from mothers practicing 
exclusive breast feeding. We have no way of knowing whether 
a particular sample was from a mother practicing exclusive 
breast feeding or not. The volume and nutritional composition 
of breast milk is known to fluctuate most according to the 
infant’s needs as well as the time of day, foremilk or hindmilk 
of a particular feeding. No specific time during the day was 
defined for expressing breast milk samples. However, we asked 
lactating women to express their breast milk samples at a time 
other than the babies’ feeding time to minimize the chances 
of collecting foremilk or hindmilk from a particular feeding. The 
protein content in our breast milk samples did not take into 
consideration the nitrogen content of non-protein nitrogen 
sources. Considering the fact that approximately 25% of total 
nitrogen in human milk is from non-protein sources, the actual 
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protein content will be much lower, which is similar (-1 g/dL) 
to other reports. Determination of amino acids and total protein 
will need to be performed in future research. Nevertheless, by 
utilizing a very large sample size from all regions of Korea in 
combination with a well-calibrated analytical method with high 
precision for analysis, our study provided, for the first time, 
reliable data on the macronutrient composition of breast milk 
in Korea.

Human milk macronutrient composition research is important 
because human milk not only provides energy but also essential 
amino acids, essential fatty acids and lactose, critical for infant 
growth and development. These data on breast milk composi-
tion have many potential practical applications such as 
developing infant formulas that more closely resemble human 
milk and setting nutrition standards such as the Dietary 
Reference Intakes for infants. All of these efforts will contribute 
toward achieving optimum health and development in infants.
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