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Abstract

The aim of this study was to determine the fatty acid (FA) composition of breast milk, and its association with mothers’ FA intake. Milk samples
were obtained from 238 healthy lactating women who volunteered to participate in the Human Milk Micronutrients Analysis Research. Dietary
intake during lactation was assessed using a 3-d food record, and fat content and FA composition of the breast milk samples were analysed by
IR spectrometry using MilkoScan FT2 and GC flame ionisation detector, respectively. The fat content was 3-31 (sp 1-41) g/100 ml breast milk.
The concentrations of arachidonic acid (20 : 4 12-6), EPA (20:5 7-3) and DHA (22 : 6 n-3) in breast milk were 0-48 (sp 0-13), 0-15 (sp 0-12) and
0-67 (sp 0-47) % of total FA, respectively. Fat content and FA composition of breast milk were associated with maternal age, BMI, supplement
use and infant age. Dietary intakes of EPA, DHA, n-3 FA, n-6 FA, SFA and PUFA were positively correlated with the corresponding FA in the
milk samples. FA levels in breast milk and maternal diet are highly correlated. Further studies are warranted to explore factors that may be

associated with changes in FA composition in human milk.
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Breast milk is known as the ideal food to meet the needs of
growing newborns”. Milk fat plays an important role as a
source of energy, as well as in structural and regulatory func-
tions, where the latter depend mainly on the PUFA content®.
PUFA such as linoleic acid (LA, 18:2 7n-6) and a-linolenic acid
(ALA, 18:3 n-3) are fatty acids (FA) that cannot be assembled
by the mother or the neonate®.

Although long-chain PUFA (LCPUFA) such as arachidonic
acid (ARA, 20:4 n-6), EPA (20:5 n-3) and DHA (22:6 n-3) can
be formed from their respective precursors LA and ALA®, the
conversion rates are very low. Most infants cannot synthesise
enough LCPUFA from precursor FA®. Thus, it is extremely
important to provide adequate ARA and DHA in the diet from
early infancy. In exclusively breast-fed infants, LCPUFA content
in their tissues depends on the content found in their mothers’
milk”. In contrast to the relatively constant proportion of SFA
and MUFA in breast milk samples across a large number of
countries'”, the level of some PUFA, particularly DHA, is highly
variable, with the highest levels in Japanese and the lowest in
Canadian and US breast milk samples"”.

Several studies have investigated the association of maternal
dietary FA intake with FA composition, including PUFA, in

human milk®'”. A recent study showed a strong positive
correlation during the 1st month postpartum between Greek
mothers” PUFA intake and PUFA, n-3 FA, DHA and LA con-
centrations in their breast milk, whereas MUFA intake was
strongly correlated with PUFA, 7-6 FA and LA concentrations®.
Some studies suggest that DHA dietary intake is positively
correlated with breast milk DHA concentrations in Swedish®
and Chinese® mothers. However, these studies were con-
ducted with small sample sizes and during early-stage lactation.

Koreans have traditionally consumed considerable amounts of
fish and seaweeds™, and hence have a relatively high intake of
preformed EPA and DHA. To our knowledge, only two studies
have measured PUFA levels in Korean milk samples. In milk
samples of transitional milk from the mid 1990s™", higher levels of
DHA (0:96% of total FA) than the approximately 0-3% typically
found in breast milk in Western countries'? was reported,
although the levels were similar to that of Japanese women
(0:99% of total FA)”. However, milk samples of 1-3 months
postpartum were collected in late 2000s, and DHA levels were
found to be 0-66% of total FA’®, a significant decrease from the
earlier report™”. South Korea has undergone a tremendous
change in dietary habits towards more meat and less fish

Abbreviations: ARA, arachidonic acid; FA, fatty acid; LA, linolenic acid; LCPUFA, long-chain PUFA.
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consumption, and more frequent use of fats and oils during food
preparation >, which could be responsible for the observed
changes in LCPUFA levels in breast milk of lactating women. Thus,
a new analysis on LCPUFA levels in breast milk is warranted.
Although a sufficient PUFA supply ensures optimum growth
and development in infants, no study thus far, to the best of our
knowledge, has investigated the association of maternal diet
composition and breast milk PUFA content of South Korean
mothers. The aims of this study were to determine the fat
content and FA composition of breast milk and the association
with FA composition of lactating mothers’ diet in South Korea.

Methods
Study subjects

Study subjects were lactating mothers recruited from an online
site who agreed to participate in the study. From April 2013 to
May 2015, a total of 255 exclusively breast-feeding mothers
were recruited from across South Korea. They were from Seoul
(n 79), six metropolitan cities (Busan (n 6), Daejeon (1 7),
Daegu (72 7), Incheon (2 26), Ulsan (z 1), Gwangju (7 2)) and
thirty-four cities from four provinces (Gyeonggi, twenty-four
cities (n 113); Chungcheong, five cities (7 8); Gyeongsang, four
cities (72 5); Jeonla one city (2 1)).

Five women who delivered at gestational ages <37 weeks
>43 weeks and three women who delivered babies with low
birth weight (<2-5kg) were excluded. Of the remaining
women, six women provided only 1-d dietary record data and
were excluded. Therefore, a total of 238 women and their
babies were included for the analysis.

Study participants were interviewed by trained interviewers.
General information on demographic and socio-economic
factors, anthropometry (height, body weight before pregnancy
and at the time of data collection) and health-related behaviours
(cigarette smoking, alcohol consumption and use of dietary
supplements) was collected. Further information on pregnancy
outcomes such as gestational age at delivery (weeks), neonatal
sex, birth weight (g) and length (cm), as well as age (d) and body
weight at sample collection, was obtained from baby record
books. The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki, and all sub-
jects provided a written informed consent. The study protocols
and consent forms were approved by the Institutional Review
Boards (0627-201408-HRBR-002-03) at Maeil Innovation Center.

Dietary assessment

Dietary intake data were collected using a food record for
3 consecutive days. Subjects recorded all foods and beverages
they consumed during those 3d. This dietary protocol was
completed before and after 1 week of milk collection by the
participants at home. The sampling period included 2 weekdays
and 1 weekend day. Nutrient intake data were calculated using
the computer-aided nutritional analysis program (CAN-Pro 4.0;
Korean Nutrition Society), and the average of the 3d was used
to estimate normal dietary intake. A food FA database was
constructed using Can-Pro 4.0 database by incorporating values
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Breast milk sampling and macronutrient analysis

The breast was cleaned with water, and 150 ml of breast milk
was pumped, collected into a sterilised conical tube and sent to
the Maeil Human Milk Research Center in an ice-packed con-
tainer. No specific time of day was defined for expressing breast
milk samples. However, the full expression was collected to
prevent collection of hindmilk or foremilk. The breast milk
samples were stored at —18°C until analysis, which was usually
carried out within 1 week.

The frozen milk samples were thawed in a refrigerator at 4°C,
heated in a water bath until 37°C and then homogenised before
analysis. Fat, lactose and protein concentrations of the breast
milk samples were analysed using MilkoScan FT2 (Foss Ana-
lytical) as previously described®.

Fatty acids analysis

Breast milk fat was extracted following the modified method of
Folch et al ™ with diethyl ether—petroleum ether solvent mix-
ture (1:1, v/v). The content in aliquots of the extract was deter-
mined gravimetrically after solvent evaporation. FA methyl esters
were prepared by transesterification with boron trifluoride and
methanol. Separation and identification of FA were performed
using an Agilent 7890 (Agilent Tech.) GC with a flame ionisation
detector (FID) (Agilent Tech.). The SP-2560 capillary GC column
(100 m X 0-25 mm X 0-20 um; Sigma-Aldrich Co.) was used and
calibrated against a standard containing thirty-seven FA methyl
esters, ranging in chain length from four to twenty-four carbon
atoms (Supelco 37 Component Fame Mix; Supelco).

GC-FID analysis was performed under the following instru-
mental conditions: injection volume of 1l and N, carrier gas flow
rate of 1-15 ml/min with a split ratio 50:1 and constant flow control.
Injector and detector temperatures were set at 225 and 285°C,
respectively. The oven programme was as follows: 120°C for the
first 5 min, increased by 3°C/min until 210°C, maintained for 3 min,
increased by 1°C/min until 230°C and maintained for 7 min. An
aliquot of the supernatant was transferred into an autosampler vial
for GC-FID analysis. The FA methyl esters were identified
by comparison of their relative retention times with authentic
standards, and the mass distribution was calculated electronically
by quantification of the peak areas.

Statistical analysis

The data are expressed as means and standard deviations
(continuous variables) or as numbers and percentages (cate-
gorical variables). Pearson’s correlation test was used to deter-
mine the correlation with maternal age and BMI, infant’s age
and fat content and FA composition in breast milk. Associations
between maternal dietary intakes and breast milk fat content
and FA composition were analysed by partial correlation after
adjusting for potential confounders such as maternal age, BMI,
supplement use and infant’s age. All statistical analyses were
performed using SAS 9.3 software (SAS Institute Inc.), and
P values <0-05 was considered significant.
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Results
General characteristics

The lactating women were 31-6 (sp 3-2) years old and had a
current BMI of 22-1 (sp 3-1) l<g/rn2 (Table 1). Approximately
51:2% of the lactating women took dietary supplements, and
infant age was 139-5 (sp 43-9)d (range 30-360 d).

Dietary fatty acid intake of lactating women

The average daily energy and fat intakes of the lactating women
were 34196-7kJ] (8173-2kcal) and 57-2g, respectively. The
average SFA, MUFA and PUFA intakes were 13-5g (6:2% of
energy intake), 16:0 g (7-4 % of energy intake) and 11-0g (5-1%
of energy intake), respectively. 7-6 and 7n-3 FA intakes were
99 g (4-5% of energy intake) and 1-2 g (0-5% of energy intake),
respectively (Table 2).

Table 1. General characteristics of lactating women and their newborn infants
(Mean values and standard deviations; ranges; number of participants
and percentages; n 238)

Mean SD Range
Lactating women
Age (years) 316 32 21-45
Height (cm) 1619 4.6 150-175
Weight (kg) 58-0 88 39-94
BMI (kg/m?) 221 31 16-0-33-2
Supplement users
n 122
% 51.2
Neonates
Gestational age at birth (d) 2766 6-8 260-291
Birth length (cm) 51.0 21 45-59
Birth weight (kg) 33 04 2:5-4-3
Sex (girls)
n 124
% 521
Age at present (d) 139-5 43-9 30-360
Table 2. Diet composition of lactating women
(Mean values and standard deviations; ranges; n 238)
Mean SD Range
Energy (kJ/d) 81732 1764-8 3448-0-12643-8
Macronutrients
Carbohydrate (g/d) 284-6 64-5 139-3-459-6
Protein (g/d) 77-8 212 28-6-159-7
Fat (g/d) 572 189 13.2-1291
Cholesterol (mg/d) 68-7 541 0-415-9
Total FA (g/d) 40-5 15-3 7-1-98-9
SFA (g/d) 135 6-0 2.6-356
MUFA (g/d) 16-0 66 2.6-40-1
PUFA (g/d) 11-0 4.6 1.9-34.8
n-6 FA (g/d) 99 4.3 1.7-32:5
n-3 FA (g/d) 1.2 09 0-1-6-9
n-6 FA:n-3 FA 96 36 0-8-30-4
ARA (g/d) 0-05 0-04 0-0-28
EPA (g/d) 0-07 0-15 0-0-94
DHA (g/d) 0-14 0-32 0-2.07

FA, fatty acids; ARA, arachidonic acid.

Fat and fatty acid profiles of breast milk

The average breast milk fat content was 0.33 (sp 0.14) g/l with
ARA, EPA and DHA comprising 0-48 (sp 0-13), 0-15
(sp 0-12) and 0-67 (sp 0-47) % of total FA, respectively (Table 3).

Fat content in breast milk was negatively correlated with
maternal age (r —0-140, P<0-05) and positively correlated with
maternal BMI (r 0-213, P<0-01). SFA content in breast milk was
positively correlated with infant age ( 0-113, P<0-05) (Table 4).
PUFA (225 v. 20-5 % of total FA, P=0-0008), 72-6 FA (189 v. 17-4%
of total FA, P=0-0017) and 7n-3 FA (3-2 v. 2-8% of total FA,
P=0-0079) were higher in lactating women who used supple-
ments than in those who did not (data not shown).

Correlation between fatty acid levels in the maternal diet
and breast milk

Table 5 shows that after adjusting for potential confounders
such as maternal age, BMI, supplement use and infant’s age,
lactating women’s daily intakes of EPA, DHA, n-3 FA, n-6 FA,
SFA and PUFA were positively correlated with the corres-
ponding FA in milk samples. Daily carbohydrate intake was
positively correlated with SFA and negatively with MUFA in
breast milk. Dietary cholesterol intake was negatively correlated
with PUFA in milk.

Discussion

South Korean breast milk PUFA, 7-3 FA and DHA were higher
than that of western countries as well as most of Asia, although
DHA content in particular was lower than that previously
reported”. Lactating mothers’ daily intakes of EPA, DHA, 7-3
FA, n-6 FA, SFA and PUFA were positively associated with the
corresponding FA in milk samples.

The proportion of total PUFA, 7-3 FA and DHA (21-5, 3-0 and
0-67 %, respectively) was higher than that reported in European
countries including Spain®”, Sweden®, Germany®@?, Ttaly'*® and
Greece®™, as well as northern China®®. For DHA, the present

Table 3. Nutrient content and fatty acid composition in breast milk
(Mean values and standard deviations; ranges; n 238)

Mean SD Range
Energy (kJ/) 26-12 4.98 17-33-45-84
Macronutrients (g/l)
Lactose 0-70 0-04 0-37-0-75
Protein 012 0.02 0-06-0-17
Fat 0-33 0-14 0-09-0-87
FA (% of total FA)
SFA 421 56 13.0-65-3
MUFA 36-3 4.9 3:2-65-0
PUFA 215 4.7 11.6-39:9
n-6 FA 182 39 10-0-31-2
n-3 FA 30 13 1.0-8-8
n-6 FA:n-3 FA 67 20 2:1-13.9
ARA 0-48 013 0-04-0-84
EPA 0-15 0-12 0-0-85
DHA 0-67 0-47 0-11-3-36

FA, fatty acids; ARA, arachidonic acid.
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Table 4. Correlations between maternal age, BMI and infant’'s age and fat content and fatty acid composition in breast milk

(Pearson’s correlation coefficients; n 238)

Breast milk contents

Energy Lactose Protein Fat SFA MUFA PUFA n6FA n3FA n6FAnNn3FA ARA EPA DHA
Maternal age  —0-117 0-199** 0-084 -0-140* 0006 —0-066 0-062 0-064 0-045 —0-094 —0-004 0-081 0-027
Maternal BMI 0-232**  —-0.026 0-095 0-213** 0.018 0045 -0-068 —0-054 —0-088 0-072 —0-062 0008 —-0-105
Infant’s age —0-043 0-067 —-0-018 -0-047 0-133* -0.072 -0-083 -0-080 -0-052 0-010 -0118 -0066 -0-028

ARA, arachidonic acid.
* P<0-05, ** P<0-01.

Table 5. Partial correlation between maternal dietary intakes and fat content and fatty acid (FA) composition in breast milkt

(Partial correlation coefficients; n 238)

Breast milk contents

Dietary intakes Energy Lactose Protein Fat SFA MUFA PUFA n-6 FA n-3 FA n-6 FA:n-3 FA ARA EPA DHA
Energy 0040 -0-046 -0-057 0-048 0-150* -0-151* —0-021 —0-045 0-067 -0-114 -0.038 0015 0-002
Carbohydrate —0-051 —-0.019 -0-060 -0-040 0-158* -0-183**  0-003 —-0-024 0-086 —-0-159* 0-034  0-048 0-036
Protein 0064 -0-027 -0-045 0-067 0059 -0-060 —0-008 —0-046 0-109 —0-150* 0015  0-106 0-110
Fat 0-132* -0.076 -0-054 0-137* 0.091 -0-078 -0-026 —0-034 0-019 0-013 —-0-139* -0-053 —0-053
Cholesterol 0-182** -0.086 0033 0-178** 0-141* 0042 -0217** -0-192** -0-197** 0-141* -0.126 -0-147* -0.137*
SFA 0120 -0-077 0002 0-121 0-215** -0-015 —-0-246*** -0-237*** -0-162* 0-113 -0-167* -0-132* -0-151*
MUFA 0-147* -0-064 -0-039 0-148* 0.062 —0-027 -0.047 —-0-042 —-0-026 0-045 -0-137 -0-045 —0-064
PUFA 0076  -0-079 -0-105 0089 -0-122 -0-085 0-240™* 0221  0-211** -0-079 —-0-043  0-005 —-0-022
n-6 FA 0085 -0-076 -0-074 0094 -0-123 -0-080 0-235***  0.226**  0-183** —0-050 —-0.055 -0-029 —-0.077
n-3 FA 0010 -0-089 -0-126 0030 -0-084 —0-080 0-188**  0-118 0-323*** —0-247** 0050  0-251***  0-297**
n-6 FA:n-3 FA 0-017 0060 0012 0007 -0-031 0-145* -0-118 —0-061 —0-224** 0-229*** -0-169* —0-253*** —0-291***
ARA 0-108 0006 —0-025 0-102 0-146 -0-009 -0-168* —0-186™ —0-049 —-0-036 —-0-067 —0-041 —0-004
EPA —-0-061 0-050 -0-033 —-0-061 —0-069 0-048 0-032 —-0-050 0-255*** —0-329*** 0069  0-356™*  0-466™**
DHA —-0.057 0040 -0-035 —-0-055 —0-046 0-041 0-012 —-0-071 0-246™** —0-332*** 0064  0-325***  0-460***

ARA, arachidonic acid.
* P<0-05, ** P<0-01, *** P<0-001.
1 Adjusted for maternal age, BMI, supplement use and infant’s age.

study’s results (0-67% of total FA) are comparable with lactating
women in a coastal area of south-eastern China (0-61 %)<24) and
the Philippines (0-74 %), but over twice that reported in western
countries (approximately 0-3%)"'® and most of Asia, including
Nepal (0-23%)*> and Bangladesh (0-30 %), Approximately
1% was reported in Japan”, which is known as having high
fish intake.

The large range of DHA content in breast milk is thought to
reflect variations in maternal DHA intake, as populations with
high fish intake also have high milk DHA content — for example,
comparing women living in an inland (40 mg/d) or coastal area
(180 mg/d) of south-eastern China®®. In the present study,
Korean lactating women had high DHA intake (140 mg/d)
compared with that reported in other countries (e.g. Bangladesh
(30mg/d)®®, Sudan (33mg/d)?”, New Mexico (47 mg/d)*®,
Sweden (120 mg/d)®, Canada (186 mg/d)®”. Korean citizens
have traditionally regularly consumed fish and seaweed®, and
hence have had a relatively high intake of preformed EPA
and DHA. However, in recent years, fish intake in Korea has
significantly ~decreased, whereas meat consumption has
increased, with resulting decreased intakes of DHA and EPA and
increased ARA intake, particularly among younger women, as
documented in the Korean National Health and Nutrition
Examination Survey*!'> In South Korea, breast milk DHA
concentration (0-67 % of total FA) was lower than that reported
almost 20 years ago (0-96% of total FA) in transition milk™?.
Thus, DHA content in human milk directly corresponds to
maternal dietary DHA intake.

The ARA:DHA ratio in breast milk was 0-96, which is within
the recommended range of 0-5-1°”. The ARA:DHA ratio varies
significantly, from 0-51:1 in Japan to 3-16:1 in the USA, as a
result of relatively constant ARA levels and highly variable DHA
levels”. The ratio of #-6:n-3 FA in breast milk varies sub-
stantially, 4-7-27-8%'%_ Similar to the ARA:DHA ratio, US
mothers showed high 7-6:12-3 ratios®"
mothers show the lowest®®. Breast milk from Korean mothers
had lower 7-6:n-3 ratio (approximately 6-7) compared with
many reported from other countries®1333% Thus, according to

, whereas Japanese

current recommendations, the diet of Korean mothers is more
balanced regarding 7-6 and n-3 PUFA content than that of
Western mothers®>? | particularly US mothers®?, although not
as well as Japanese mothers.

PUFA play an important role in infant growth and develop-
ment, particularly neurodevelopmem(ss’*j’()) and visual acuity®”
in early life. PUFA such as LA and ALA are considered nutri-
tionally essential because they cannot be synthesised de novo
from other lipids, carbohydrates and amino acids®®. This
implies that neonatal PUFA uptake is entirely dependent upon
supply from an external source. LCPUFA such as ARA and DHA
can be transported to the newborn by dietary intake or
synthesised in the neonatal liver by chain elongation and
desaturation of their respective precursors (LA and ALA)®.
However, because of the very low conversion rates in most
infants®™, it is very important to provide adequate ARA and
DHA through the diet from early infancy. Especially in exclu-
sively breast-fed infants, LCPUFA content in their tissues
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depends on that in their mother’s milk®. LCPUFA in breast milk
may partially reflect FA composition in the maternal diet®'®,
DHA levels in particular are sensitive to maternal diet®®. As
sufficient DHA is essential for normal development of visual
and/or function®*” and ARA for optimal
growth? | Jactating mothers should consume appropriate
amounts of ARA and DHA.

In contrast to PUFA, MUFA and SFA concentrations in human
milk are relatively constant across many countries'”. In the
present study, MUFA and SFA in milk samples were approxi-
mately 36-3 and 42-1% of total FA, respectively, which is
comparable with that among lactating women in other coun-
tries””. The mean milk MUFA in the present study was higher
than that reported in previous Korean samples™ (306 v.
36-3% of total FA), whereas milk SFA was lower (480 v. 42-1%
of total FA). The significance of these findings remains to be
investigated further.

Lactating women’s daily intakes of EPA, DHA, n-3 FA,
n-6 FA, SFA and PUFA were positively associated with the
corresponding FA in the milk samples, confirming previous
findings®'?, although these previous studies have limitations
such as small sample numbers or short-term breast-feeding
period (until 3 months of lactation) or have been conducted
with non-supplements users, which is different from our study
where 51-2% of the lactating women took dietary supplements.
Antonakou et al.® reported that Greek mothers’ PUFA intake
during the 1st month postpartum (72 64) was strongly positively
correlated with breast milk concentration of PUFA, n-3 FA,
DHA and LA, and MUFA intake was strongly correlated with
the concentration of PUFA, 7-6 FA and LA. DHA dietary intake
has been shown to be positively correlated with DHA
concentrations of breast milk in Swedish (z 19; 3 months

postpartum)(g) and Chinese (1 408; 42 (sp 7)d postpartum)
ao

cognitive

mothers

Breast milk fat content was negatively correlated with
maternal age and positively correlated with maternal BMI.
Several studies have shown a positive correlation between
maternal BMI status during lactation and breast milk fat
content®#34Y  whereas studies relating maternal age to fat
content in human milk are infrequent and the results are
indeterminate. Antonakou et al.® reported that maternal age
was negatively correlated with MUFA and oleic acid values in
Greek mothers’ breast milk during the first month. However,
these correlations did not remain significant over the whole
6-month study period. A recent study conducted on Italian
mothers found that PUFA, LA and 7-6 FA were all significantly
lower in older than in younger mothers®®. However, all these
differences were not significant after correcting for multiple
testing. The present study also found a positive correlation
between breast milk SFA and infant age (stage of lactation).
However, we could not find definitive support for these
findings in the literature. Some studies®** show that the SFA
level in breast milk did not differ with stage of lactation. Thus,
the positive correlation between infant age and breast milk SFA
from the present trial should be interpreted with caution.

The limitations of our study should be noted. We did not have
data on maternal plasma or erythrocyte FA, which could have
substantiated the relationship observed between FA dietary

intakes and human milk content. Characterisation of maternal FA
desaturase genotype that can affect LCPUFA levels in breast milk
might also have improved the reliability of our results. Further-
more, the study outcomes cannot be generalised as representative
of the country, because our data were generated from self-
selected participants, who are more likely to have healthier
dietary habits than the average population as more than half of
the participants were taking dietary supplements.

Conclusions

This is the first study in South Korea to examine the association
of FA composition of breast milk with dietary intake in exclu-
sively breast-feeding mothers. Breast milk of Korean mothers
was found to be richer in DHA, 7-3 FA and total PUFA com-
pared with breast milk from mothers in Western countries, as
well as some of Asian countries. A significant positive associa-
tion was found postpartum (30-360 d) between mothers’ daily
intakes of EPA, DHA, 7n-3 FA, n-6 FA, SFA and PUFA and the
corresponding FA concentrations in breast milk.

Thus, South Korean women’s dietary characteristics, that is,
high intakes of total PUFA, including DHA or n-3 FA, affect their
FA milk profile during exclusive lactation. Considering that
PUFA are essential and should be supplied in sufficient quan-
tities to guarantee normal visual and/or cognitive development
during infancy, it is of great significance to improve South
Korean maternal PUFA nutritional status.

Acknowledgements

This study was supported by Brain Korea 21 Plus.

N. C. and J. A. J. designed the study protocols. H. K., S. K,
B.-M. J. and H. Y. conducted the study. H. K. and H. Y. analysed
the data, and H. K. and N. C. wrote the manuscript. N. C. and
J. A. J. were primarily responsible for the final contents. All the
authors read and approved the final manuscript.

None of the authors has any conflicts of interest to declare.

References

1. Kramer MS & Kakuma R (2004) The optimal duration of
exclusive breastfeeding: a systematic review. Adv Exp Med
Biol 554, 63-77.

2. Holman RT (1971) Biological activities and requirements
for polyunsaturated acids. Prog Chem Fats Other Lipids 9,
607-682.

3. Scopesi F, Ciangherotti S, Lantieri PB, et al. (2001) Maternal
dietary PUFAs intake and human milk content relationships
during the first month of lactation. Clin Nutr 20, 393-397.

4. Koletzko B, Boey CC, Campoy C, et al. (2014) Current infor-
mation and Asian perspectives on long-chain polyunsaturated
fatty acids in pregnancy, lactation, and infancy: systematic
review and practice recommendations from an early nutrition
academy workshop. Ann Nutr Metab 65, 49-80.

5. Uauy R, Mena P & Rojas C (2000) Essential fatty acids in early
life: structural and functional role. Proc Nutr Soc 59, 3-15.

6. Carlson SE, Rhodes PG, Rao VS, et al. (1987) Effect of fish oil
supplementation on the 7-3 fatty acid content of red blood
cell membranes in preterm infants. Pediatr Res 21, 507-510.

ssaud Aisianun abplquied Aq auluo payslignd £52000£ LS LL£000S/2101°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114517000253

o

British Journal of Nutrition

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Fatty acids in breast milk and mothers’ diet 561

Yuhas R, Pramuk K & Lien EL (2006) Human milk fatty acid
composition from nine countries varies most in DHA. Lipids
41, 851-858.

Antonakou A, Skenderi KP, Chiou A, ef al. (2013) Breast milk
fat concentration and fatty acid pattern during the first six
months in exclusively breastfeeding Greek women. Eur J Nutr
52, 963-973.

Xiang M, Harbige LS & Zetterstrom R (2005) Long-chain poly-
unsaturated fatty acids in Chinese and Swedish mothers: diet,
breast milk and infant growth. Acta Paediatr 94, 1543-1549.
Liu MJ, Li HT, Yu LX, et al. (2016) A correlation study of DHA
dietary intake and plasma, erythrocyte and breast milk DHA
concentrations in lactating women from coastland, lakeland,
and inland areas of China. Nutrients 8, 312-323.

Golfetto 1, McGready R, Ghebremeskel K, et al. (2007) Fatty
acid composition of milk of refugee Karen and urban Korean
mothers. Is the level of DHA in breast milk of Western women
compromised by high intake of saturated fat and linoleic acid?
Nutr Health 18, 319-332.

Brenna JT, Varamini B, Jensen RG, et al. (2007) Docosahex-
aenoic and arachidonic acid concentrations in human breast
milk worldwide. Am J Clin Nutr 85, 1457-1464.

Jang SH, Lee BS, Park JH, et al. (2011) Serial changes of fatty
acids in preterm breast milk of Korean women. J Hum Lact
27, 279-285.

Kim CS, Ko SH, Kwon HS, et al. (2014) Prevalence, awareness,
and management of obesity in Korea: data from the Korea
National Health and Nutrition Examination Survey (1998-2011).
Diabetes Metab ]| 38, 35-43.

Bae SG, Kim JY, Kim KY, et al. (2012) Changes in dietary
behavior among adolescents and their association with gov-
ernment nutrition policies in Korea, 2005-2009. J Prev Med
Public Health 45, 47-59.

United State Department of Agriculture (2013) Agricultural
Research Service. USDA National Nutrient Database for Stan-
dard Reference, Release 26, Agricultural Research Service,
Washington, DC. http://www.ars.usda.gov/Services/docs.htm?
docid=24936 (accessed October 2013).

National Fisheries Research & Development Institute (KR)
(2012) Fatty Acid Composition of Fisheries Products in Korea.
Busan: National Fisheries Research & Development Institute.
Chang N, Jung JA, Kim H, et al. (2015) Macronutrient composi-
tion of human milk from Korean mothers of full term infants born
at 37-42 gestational weeks. Nutr Res Pract 9, 433-438.

Folch J, Lees M & Sloane Stanley GH (1957) A simple method
for the isolation and purification of total lipides from animal
tissues. J Biol Chem 226, 497-509.

de la Presa-Owens S, Lopez-Sabater MC & Rivero-Urgell M
(1996) Fatty acid composition of human milk in Spain.
J Pediatr Gastroenterol Nutr 22, 180-185.

Szabé E, Boehm G, Beermann C, et al. (2010) Fatty acid
profile comparisons in human milk sampled from the same
mothers at the sixth week and the sixth month of lactation.
] Pediatr Gastroenterol Nutr 50, 316-320.

Grote V, Verduci E, Scaglioni S, et al. (2016) Breast milk
composition and infant nutrient intakes during the first
12 months of life. Eur J Clin Nutr 70, 250-256.

Wan ZX, Wang XL, Xu L, et al. (2010) Lipid content and fatty
acids composition of mature human milk in rural North China.
BrJ Nutr 103, 913-916.

Peng Y, Zhou T, Wang Q, et al. (2009) Fatty acid composition
of diet, cord blood and breast milk in Chinese mothers with
different dietary habits. Prostaglandins Leukot Essent Fatty
Acids 81, 325-330.

Glew RH, Huang YS, Vander Jagt TA, et al. (2001) Fatty acid
composition of the milk lipids of Nepalese women: correlation

26.

27.

28.

29.

30.

31.

32.

33.

34.

30.

37.

38.

39.

40.

41.
42.

43.

44.

between fatty acid composition of serum phospholipids and
melting point. Prostaglandins Leukot Essent Fatty Acid 65,
147-156.

Yakes EA, Arsenault JE, Munirul Islam M, et al. (2011) Intakes
and breast-milk concentrations of essential fatty acids are low
among Bangladeshi women with 24-48-month-old children.
BrJ Nutr 105, 1660-1670.

Nyuar KB, Min Y, Ghebremeskel K, et al. (2010) Milk of northern
Sudanese mothers whose traditional diet is high in carbohydrate
contains low docosahexaenoic acid. Acta Paediatr 99, 1824-1827.
Glew RH, Wold RS, Herbein JH, et al. (2008) Low doc-
osahexaenoic acid in the diet and milk of women in
New Mexico. | Am Diet Assoc 108, 1693-1699.

Jia X, Pakseresht M, Wattar N, et al. (2015) Women who take
n-3 long-chain polyunsaturated fatty acid supplements during
pregnancy and lactation meet the recommended intake. Appl
Physiol Nutr Metab 40, 474-481.

Uauy-Dagach R, Mena P & Hoffman DR (1994) Essential fatty
acid metabolism and requirements for LBW infants. Acta
Paediatr Suppl 405, 78-85.

Jensen RG (1996) The lipids in human milk. Prog Lipid Res 35,
53-92.

Krasevec JM, Jones PJ, Cabrera-Hernandez A, et al. (2002)
Maternal and infant essential fatty acid status in Havana, Cuba.
Am J Clin Nutr 76, 834-844.

Aggett PJ, Haschke F, Heine W, et al. (1991) Comment on the
content and composition of lipids in infant formulas. Acta
Paediatr Scand 80, 887-896.

Marin MC, Sanjurjo A, Rodrigo MA, et al. (2005) Long-chain
polyunsaturated fatty acids in breast milk in La Plata,
Argentina: relationship with maternal nutritional = status.
Prostaglandins Leukot Essent Fatty Acids 73, 355-360.

Keim SA, Daniels JL, Siega-Riz AM, et al. (2011) Breastfeeding
and long-chain polyunsaturated fatty acid intake in the first 4
post-natal months and infant cognitive development: an
observational study. Matern Child Nutr 8, 471-482.

Glaser C, Lattka E, Rzehak P, er al. (2011) Genetic variation
in polyunsaturated fatty acid metabolism and its potential
relevance for human development and health. Matern Child
Nutr 7, Suppl. 2, 27-40.

Carlson SE, Ford AJ, Werkman SH, et al. (1996) Visual acuity
and fatty acid status of term infants fed human milk and formulas
with and without docosahexaenoate and arachidonate from egg
yolk lecithin. Pediatr Res 39, 882-888.

Olafsdottir AS, Thorsdottir I, Wagner KH, et al. (2006)
Polyunsaturated fatty acids in the diet and breast milk of
lactating Icelandic women with traditional fish and cod liver
oil consumption. Ann Nutr Metab 50, 270-276.

Uauy RD, Birch DG, Birch EE, et al. (1990) Effect of dietary
omega-3 fatty acids on retinal function of very-low-birth-
weight neonates. Pediatr Res 28, 485-492.

Carlson SE, Werkman SH, Rhodes PG, et al. (1993) Visual-
acuity development in healthy preterm infants: effect of
marine-oil supplementation. Am J Clin Nutr 58, 35-42.
Koletzko B & Braun M (1991) Arachidonic acid and early human
growth: is there a relation? Ann Nutr Metab 35, 128-131.
Hadley KB, Ryan AS, Forsyth S, ef al. (2016) The essentiality of
arachidonic acid in infant development. Nutrients 8, 216.
Michaelsen KF, Skafte L, Badsberg JH, et al. (1990) Variation
in macronutrients in human bank milk: influencing factors and
implications for human milk banking. J Pediatr Gastroenterol
Nutr 11, 229-239.

Nommsen LA, Lovelady CA, Heinig MJ, ef al. (1991) Deter-
minants of energy, protein, lipid, and lactose concentrations in
human milk during the first 12 mo of lactation: the
DARLING Study. Am J Clin Nutr 53, 457-465.

ssaud Aisianun abplquied Aq auluo payslignd £52000£ LS LL£000S/2101°0L/B10"10p//:sdny


http://www.ars.usda.gov/Services/docs.htm?docid=24936
http://www.ars.usda.gov/Services/docs.htm?docid=24936
https://doi.org/10.1017/S0007114517000253

	Breast milk fatty acid composition and fatty acid intake of lactating mothers in South�Korea
	Methods
	Study subjects
	Dietary assessment
	Breast milk sampling and macronutrient analysis
	Fatty acids analysis
	Statistical analysis

	Results
	General characteristics
	Dietary fatty acid intake of lactating women
	Fat and fatty acid profiles of breast milk
	Correlation between fatty acid levels in the maternal diet and breast milk

	Discussion
	Table 1General characteristics of lactating women and their newborn infants (Mean values and standard deviations; ranges; number of participants and percentages; n�238)
	Table 2Diet composition of lactating women (Mean values and standard deviations; ranges; n�238)
	Table 3Nutrient content and fatty acid composition in breast milk (Mean values and standard deviations; ranges; n�238)
	Table 4Correlations between maternal age, BMI and infant&#x2019;s age and fat content and fatty acid composition in breast milk (Pearson&#x2019;s correlation coefficients; n�238)
	Table 5Partial correlation between maternal dietary intakes and fat content and fatty acid (FA) composition in breast milk&#x2020;(Partial correlation coefficients; n�238)
	Conclusions

	Acknowledgements
	ACKNOWLEDGEMENTS
	References


