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ABSTRACT

In this study, 25–25 milk samples (25 colostral and 25 mature) collected at different lactational stages
were used to analyse the fatty acid composition of breast milk. A gas-chromatographic method was
used to perform and analyse the transmethylation of total milk lipid extracts. The milk samples con-
tained 20 different fatty acids. Palmitic acid (C16:0), stearic acid (C18:0), myristic acid (C14:0), oleic
acid (C18:1n-9), and linoleic acid (LA, C18:2n-6) were the major components of total lipid, phospholipid
(PL), and triacylglycerol (TAG) fractions. Colostrum had a lower percentage of polyunsaturated
fatty acids (PUFAs), a higher percentage of saturated fatty acids (SFAs), and a lower level of eicosa-
pentaenoic acid (EPA, C20:5 n-3) and docosahexaenoic acid (DHA, C22:6 n-3) in total lipid than mature
milk. Triacylglycerol and PL fractions between colostrum and mature milk samples did not differ
statistically.
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1. INTRODUCTION

Many nutrients and immunologically active substances included in human milk are necessary
for a newborn’s healthy development as well as the maturation of their immune systems against
a range of illnesses and infections. Around 87–88% of human milk is composed of water, and
the solid components are 7% carbohydrates, 1% proteins, and 3.8% lipids. In recent years, there
has been a focus on the nutritional and physiological value of PUFAs in infant nutrition,
particularly DHA and arachidonic acid (C20:4n-6, AA), which are structural components of
the lipid matrix of cellular and subcellular membranes. In addition to having structural char-
acteristics, several PUFAs serve as precursors in the production of eicosanoids, which have
crucial regulatory roles. PUFAs are formed through a series of enzymatic desaturation and
elongation steps from linoleic (C18:2n-6) and linolenic acids (C18:3n-3; ALA). Dietary intake
and endogenous lipid metabolism influence the fatty acid (FA) content of breast milk. Many
other factors, such as maternal age, term of delivery, stage of lactation, and gestational diseases,
may influence the FA composition of milk (Argov-Argaman et al., 2016). Breast milk fatty acid
profile and TAGs content changes have been reported at different stages of lactation (Lubetzky
et al., 2012). Fatty acids are the primary constituents of milk fat. These are primarily esterified in
the form of TAGs, which account for 98% of milk fat. A smaller proportion of fatty acids are
esterified as PLs, which are found in a membrane that surrounds and stabilises the lipidic core of
the milk fat globule. Throughout the third trimester of pregnancy and throughout the first two
years of life, the most important PUFAs (AA and DHA) are incorporated into the PL mem-
branes of the retina and brain. Approximately 85% of the PUFA in mature human milk is in the
form of TAGs, and 15% is in the form of PLs. Human milk contains 20–70% SFA, 23–55%
MUFA, 6–36% PUFA, and 0.3–8% long-chain PUFA. SFAs and MUFAs make up the majority
of the fatty acids in human milk, followed by PUFAs, particularly omega-3 and omega-6 PUFAs,
which have significant biological functions (Innis, 2014). Among the PUFA, C18:2n-6 and
C18:3n-3 are essential because they are not synthesised in the human body and serve as pre-
cursors to AA, and C22:6n-3 is linked to normal brain development, particularly in childhood
(Innis, 2014). The three stages of milk production are colostrum (1–5 days postpartum), tran-
sitional milk (6–15 days postpartum), and mature milk (after 15 days). There have been no
recent studies in Turkey that focused on the influence of lactation stage on FA composition in
the TAG and PL fractions. The purpose of this study is to look at the fatty acid compositions of
total lipid, PL, and TAG in colostrum and mature milk.

2. MATERIALS AND METHODS

2.1. Lipid extraction and transmethylation of fatty acids

25–25 milk samples (25 mothers provided colostrum and the same 25 mothers provided mature
milk samples later) collected at two lactational phases were used to analyse the fatty acid
composition of breast milk. Colostrum was collected 1–5 days after birth, and mature milk
was collected 15 days later. After the baby’s regular feed, the mother collected the milk and
expressed it with a breast pump. Prior to analysis, a 10 mL sample was frozen at �80 8C in a
freezer. Thawed breast milk samples were mixed with the extracting solution (methanol-chlo-
roform, 1:2 v/v). The samples’ total lipid content was fractionated using the thin-layer
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chromatography method. A thin layer of 30 g silica gel and 50 mL pure water was applied to
20 3 20 cm plates for this purpose, and they were dried in an oven at 100 8C for one hour. The
samples’ total lipid extracts were spotted onto the plates in a single row. TAG and PL were
separated using a mobile phase of diethyl ether/petroleum ether/acetic acid (20:80:1 by volume)
(Stanley-Samuelson and Dadd, 1983). The lipid fractions were revealed using 20,70-dichloro-
fluorescein. Acidified methanol was used to transmethylate the TAG and PL fractions. Two
hours at 85 8C were spent refluxing it. In hexane, the fatty acid methyl esters (FAMEs) were
extracted.

2.2. Gas chromatography analysis

Gas chromatography (Shimadzu GC 2010 PLUS) was used to analyse the fatty acid methyl esters
using a flame ionisation detector. A BPX70 (70% Cyanopropyl Polysilphenylene-Siloxane)
capillary column (30 m3 0.25 mm3 0.25 μm film thickness) was used. Helium was used as
the carrier gas, flowing at a rate of 0.5 mLmin�1. The compressed air and hydrogen flow rates
were 300 and 30 mLmin�1, respectively. Following were the temperature profiles: starting tem-
perature of 170 8C (2 min), heating rate of 2 8C min�1, final temperature of 220 8C, injector and
detector temperatures of 250 8C. The GC Solution (Version 2.4) computer program was used to
identify FAMEs and calculate their concentrations. The standard deviation (SD) was determined
in SPSS (16.0) for all analyses, and the data is presented as the mean of the SD for the triplicate
results. One-way analysis of variance was used to compare fatty acid percentages. The Tukey
HSD test was used to determine differences. The statistics determined that the differences were
significant when the data was P < 0.05.

3. RESULTS AND DISCUSSION

3.1. FA composition of colostrum and mature milk

The fatty acid contents of total lipid, TAG, and PL fractions of colostrum and mature milk are
shown in Tables 1 and 2, respectively. While C12:0 and C14:0 were present in similar percent-
ages in the TAG and PL fractions, total lipid contained higher concentrations of both fatty acids
in colostrum. C8:0 was found in very small amounts in the total lipid and PL fractions but
increased in the TAG fraction in mature milk. C10:0 was detected in both total lipids and
fractions in colostrum and mature milk. In total lipid, TAG, and PL fractions, C12:0, C14:0,
and C18:0 fatty acids were found in nearly identical ratios in mature milk. C16:0 was found to be
the main constituent of the total lipid, TAG, and PL fraction in colostrum and mature milk.
It was determined that this fatty acid was lower in the TAG fraction (23.50%) compared to the
others in colostrum. This saturated fatty acid was found to be more abundant in the PL fraction
(38.94%) of mature milk. Total SFA was found to be 58.11% in total lipid, 36.07% in the TAG
fraction, and 53.96% in the PL fraction in colostrum. Total SFA was found in small amounts in
the total lipid and TAG fractions, but it was detected at a significant rate (59.44%) in the PL
fraction due to the influence of C16:0 in mature milk. In our study, levels of C14:0, C16:0, and
C16:1n-7 decreased from colostrum to mature milk in total lipid. C18:1n-9 and C16:0 fatty acids
are synthesised de novo in breast tissue, other maternal organs, or from the mother’s food. As in
our study and many other studies (Silva et al., 2005; Mihályi et al., 2015; Zhao et al., 2018;
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Yuan et al., 2019; Chen et al., 2020; Floris et al., 2020), C16:0 was the most abundant fatty acid
in both mature milk and colostrum among SFAs. Likewise, SFA was found at a high rate, as in
other studies (Floris et al., 2020; Zhang et al., 2022). In MUFAs, C18:1n-9 was found to be the
predominant fatty acid in colostrum and mature milk. C18:1n-9 levels were similar in the total
lipid and TAG fractions but lower in the PL fraction (19.25%) in mature milk. The PL fraction
contained the least amount of C16:1n-7, followed by the TAG fraction and total lipid in
colostrum. C18:1n-9, an important energy source for the newborn, is the most abundant fatty
acid among MUFAs in both mature milk and colostrum. According to some recent studies, the
amount of C18:1n-9 was between 31 and 39% (Zhu et al., 2021; Zhang et al., 2022). Despite not
being an essential fatty acid, oleic acid is particularly significant because, in addition to its
regular roles as a fatty acid, it lowers the melting point of TAGs, which is necessary for the
production, transport, and metabolism of milk fat globules. C20:1n-9 increased in colostrum PL

Table 1. Fatty acid profile of total lipids, triacylglycerols, and phospholipids in 25 colostrum samples
(% of total FA)

Fatty acids Colostrum total Colostrum TAG Colostrum PL

C8:0 0.01 ± 0.01a 0.03 ± 0.01b 0.04 ± 0.01c

C10:0 0.91 ± 0.02a 0.12 ± 0.03b 0.44 ± 0.02c

C12:0 6.53 ± 0.98a 2.31 ± 0.36b 2.31 ± 0.45b

C14:0 10.21 ± 0.99a 4.79 ± 0.56b 5.55 ± 0.34b

C15:0 0.02 ± 0.01a 0.26 ± 0.06b 0.26 ± 0.07b

C16:0 31.46 ± 1.90a 23.50 ± 1.54b 32.89 ± 1.65a

C17:0 0.11 ± 0.05a 0.25 ± 0.04b 0.20 ± 0.08b

C18:0 8.83 ± 0.76a 4.61 ± 0.56b 12.19 ± 0.87c

C20:0 0.03 ± 0.01a 0.20 ± 0.06b 0.08 ± 0.01cP
SFA 58.11 ± 2.33a 36.07 ± 1.76b 53.96 ± 2.98a

C16:1 n-7 3.47 ± 0.55a 1.07 ± 0.78b 0.85 ± 0.04b

C18:1 n-9 28.14 ± 1.22a 34.60 ± 1.90b 24.38 ± 1.36a

C20:1 n-9 0.19 ± 0.01a 0.76 ± 0.06b 1.10 ± 0.99cP
MUFA 31.80 ± 1.29a 36.43 ± 2.35b 26.33 ± 2.08c

C18:2 n-6 7.79 ± 1.06a 23.98 ± 1.89b 14.36 ± 1.09c

C18:3 n-3 0.20 ± 0.02a 0.28 ± 0.01a 0.28 ± 0.05a

C20:2 n-6 1.01 ± 0.90a 1.17 ± 0.07a 0.60 ± 0.05b

C20:3 n-6 0.33 ± 0.03a 0.75 ± 0.06b 0.63 ± 0.34b

C20:4 n-6 0.32 ± 0.01a 0.69 ± 0.06b 2.10 ± 0.98c

C20:5 n-3 0.11 ± 0.01a 0.37 ± 0.05b 0.96 ± 0.04c

C22:5 n-3 0.10 ± 0.04a 0.06 ± 0.01b 0.47 ± 0.07c

C22:6 n-3 0.13 ± 0.05a 0.10 ± 0.01a 0.21 ± 0.08bP
PUFA 9.99 ± 1.22a 27.40 ± 1.04b 19.61 ± 1.23cP
n-3 0.54 0.81 1.92P
n-6 9.45 26.59 17.69

n-3/n-6 0.05 0.03 0.10

Means are the averages of 3 replicates. Values reported are means ± standard deviation; means followed by
different letters in the same line are significantly different (P < 0.05) by Tukey’s test.
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids
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as compared to colostrum total. Total MUFA was observed to have low levels in the PL fraction
and similar levels in the total lipid and TAG fractions in colostrum. It was found that total
MUFA contents were similar in total lipid and TAG fractions but lower in PL fractions in
mature milk. Hayat et al. (1999) found MUFA at 37.3% and unsaturated fatty acids at 57.5%
in the milk of Kuwaiti women. VanderJagt et al. (2000) found MUFA at 31.0% in the milk of
Nigerian women. Vegetable oils, such as soybean oil, sunflower oil, and olive oil, are the primary
sources of these fatty acids. In a study in Iraq, it was determined that mature milk contained
more fat, and MUFAs did not differ (Al-Tamer and Mahmood, 2004). The content of essential
fatty acids in human milk lipids is of special interest because of their eminent physiological
significance. The essential fatty acid C18:2n-6 was the most prevalent one in human milk.
C18:2n-6 and C18:3n-3 are essential fatty acids that cannot be synthesised by the human body
and must therefore be obtained through diet. According to studies, approximately 30% of the

Table 2. Fatty acid profile of total lipids, triacylglycerols and phospholipids in 25 mature milk samples
(% of total FA)

Fatty acids Mature total Mature TAG Mature PL

C8:0 0.07 ± 0.01a 0.47 ± 0.04b 0.08 ± 0.01a

C10:0 1.21 ± 0.11a 0.69 ± 0.06b 0.31 ± 0.03c

C12:0 6.70 ± 1.20a 4.93 ± 0.99a 3.96 ± 0.76b

C14:0 6.25 ± 1.95a 5.63 ± 0.77a 7.35 ± 0.50a

C15:0 0.17 ± 0.02a 0.20 ± 0.03b 0.24 ± 0.01b

C16:0 20.92 ± 1.09a 22.39 ± 1.50a 38.94 ± 1.06b

C17:0 0.20 ± 0.02a 0.22 ± 0.06a 0.25 ± 0.01a

C18:0 3.88 ± 0.99a 4.86 ± 0.89b 7.85 ± 1.24c

C20:0 0.08 ± 0.02a 0.12 ± 0.07b 0.46 ± 0.04cP
SFA 39.48 ± 2.33a 39.51 ± 2.56a 59.44 ± 2.09b

C16:1 n-7 2.65 ± 1.00a 1.38 ± 0.56b 1.35 ± 0.78b

C18:1 n-9 31.78 ± 1.29a 34.56 ± 1.20a 19.25 ± 1.06b

C20:1 n-9 0.25 ± 0.02a 0.29 ± 0.06a 0.36 ± 0.03bP
MUFA 34.68 ± 2.20a 36.23 ± 2.77a 20.96 ± 2.31b

C18:2 n-6 23.40 ± 1.06a 21.72 ± 1.66a 15.97 ± 1.54b

C18:3 n-3 0.38 ± 0.03a 0.25 ± 0.02b 0.22 ± 0.06b

C20:2 n-6 0.45 ± 0.05a 0.57 ± 0.10b 0.42 ± 0.04a

C20:3 n-6 0.55 ± 0.05a 0.61 ± 0.03a 0.56 ± 0.01a

C20:4 n-6 0.56 ± 0.06a 0.50 ± 0.04a 1.05 ± 0.88b

C20:5 n-3 0.26 ± 0.02a 0.35 ± 0.04b 0.58 ± 0.05c

C22:5 n-3 0.06 ± 0.01a 0.05 ± 0.01a 0.54 ± 0.11b

C22:6 n-3 0.14 ± 0.04a 0.11 ± 0.01a 0.16 ± 0.06aP
PUFA 25.80 ± 1.26a 24.16 ± 1.06a 19.50 ± 1.44bP
n-3 0.84 0.76 1.50P
n-6 24.96 23.40 18.00

n-3/n-6 0.03 0.03 0.08

Means are the averages of 3 replicates. Values reported are means ± standard deviation; means followed by
different letters in the same line are significantly different (P < 0.05) by Tukey’s test.
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids
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C18:2n-6 in milk is directly transferred from the mother’s diet, and the amount of C18:2n-6 in
human breast milk is significantly correlated with the amount of C18:2n-6 consumed by the
mother. Linoleic acid accounted for approximately 7.79–23.98% of the colostrum and mature
fatty acids in the current study. C18:2n-6 had the lowest amount in total lipid, followed by
the PL fraction, and the highest in the TAG fraction in colostrum. The content of one of the
polyunsaturated fatty acids, C18:2n-6, was shown to be reduced in the PL fraction while remain-
ing the same in the total lipid and TAG fractions in mature milk. The amounts of C18:2n-6 in
colostrum and mature milk in the PL fraction were found to be close to each other. In our study,
C18:2n-6 content was found to be higher than that obtained in previous studies (Knox et al.,
2000; Glew et al., 2001). Among the essential fatty acids, C18:3n-3 was found to be similar to the
ratio of Kuwaiti, Chinese, Indian, American, and Dominican mothers (Hayat et al., 1999;
Schmeits et al., 1999). PUFAs, such as EPA and DHA, have also been identified as important
for brain health. Both fatty acids were found in the highest amounts in PL fraction in colostrum.
Low quantities of EPA and DHA were found in the total lipid, TAG, and PL fractions of mature
milk. In comparison to the total lipid and TAG fractions, the PL fraction was shown to include
more of these two fatty acids in mature milk. In this study, DHA levels in colostrum were found
to be higher than in mature milk in the PL fraction. During the third trimester of pregnancy
and the first two years after birth, when the brain is rapidly developing, these PUFAs are in
high demand by the infant. DHA is one of the main n-3 PUFAs. This fatty acid was determined
to be 0.14% in mature milk and 0.13% in colostrum. According to Jensen (1999), DHA ranges
from 0% to 2.78%. Harris et al. (1984), de la Presa-Owens et al. (1996), and Fok et al. (2016)
found that the amount of DHA in the milk of mothers fed with seafood increased. Arachidonic
acid increased progressively from total to PL in colostrum. Levels of C20:4n-6 increased from
colostrum to mature milk in total lipid. Arachidonic acid has also received wide attention
because it is a precursor of prostaglandins. One of the three major long-chain PUFAs in brain
grey matter is AA. Arachidonic acid was around 0.56% in mature milk, and the AA content of
mothers in Nigeria (VanderJagt et al., 2000) and Kuwait (Hayat et al., 1999) was similar. Milk
from Nepalese, American, and Australian mothers contained lower levels of AA (Schmeits et al.,
1999). The amounts of AA were higher in colostrum than in mature milk, as determined by
Sala-Vila et al. (2005). Small amounts of C18:3n-3, C20:2n-6, C20:3n-6, and C22:5n-3 were also
detected in colostrum and mature milk. As found by Sala-Vila et al. (2005), C20:3n-6 levels were
lower in mature milk. Total PUFA was found to be 9.99% of total lipid, 27.40% in the TAG
fraction, and 19.61% in the PL fraction in colostrum. The highest n-3/n-6 ratio was also detected
in the PL fraction (0.10) in colostrum.

4. CONCLUSIONS

In this study, the TAG and PL contents and compositions of human milk from lactating women
were evaluated. In the study, the fatty acids profile in the milk samples taken from 25 mothers
changed. It is thought that differences in breast milk may change depending on factors such as
the mothers’ age, genetic constitution, illnesses, culture, and most importantly, the mother’s
dietary habits.

Ethical approval: All applicable national guidelines for the care of tested persons were followed.

Acta Alimentaria 52 (2023) 2, 330–337 335

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 06/20/23 09:04 AM UTC



ACKNOWLEDGEMENTS

This research was financially supported by the Scientific Research Project of Artuklu University
(MAÜ-BAP-12-SYO-03).

REFERENCES

Al-Tamer, Y.Y. and Mahmood, A.A. (2004). Fatty-acid composition of the colostrum and serum of fullterm
and preterm delivering Iraqi mothers. European Journal of Clinical Nutrition, 58(8): 1119–1124. https://
doi.org/10.1038/sj.ejcn.1601939.

Argov-Argaman, N., Mandel, D. Lubetzky, R. Hausman-Kedem, M., Cohen, B.C., Berkovitz, Z., and
Reifen, R. (2016). Human milk fatty acids composition is affected by maternal age. The Journal of
Maternal-Fetal and Neonatal Medicine, 30(1): 1–16. https://doi.org/10.3109/14767058.2016.1140142.

Chen, Y.J., Zhou, X.H., Han, B., Yu, Z., Yi, H.X., Jiang, S.L., Li, Y.Y., Pan, J.C., and Zhang, L.W. (2020).
Regioisomeric and enantiomeric analysis of primary triglycerides in human milk by silver ion
and chiral HPLC atmospheric pressure chemical ionization-MS. Journal of Dairy Science, 103(9):
7761–7774. https://doi.org/10.3168/jds.2019–17353.

de la Presa-Owens, S., López-Sabater, M.C., and Rivero-Urgell, M. (1996). Fatty acid composition of human
milk in Spain. Journal of Pediatric Gasrtoenterology and Nutrition, 22(2): 180–185. https://doi.org/10.
1097/00005176-199602000-00009.

Floris, L., Stahl, B., Abrahamse-Berkeveld, M., and Teller, I. (2020). Human milk fatty acid profile across
lactational stages after term and preterm delivery: a pooled data analysis. Prostaglandins, Leukotrienes
and Essential Fatty Acids, 156: 102023. https://doi.org/10.1016/j.plefa.2019.102023.

Fok, D., Aris, I.M., Ho, J., Lim, S.B., Chua, M.C., Pang, W.W., Saw, S.-M., Kwek, K., Godfrey, K.M.,
Kramer, M.S., and Chong, Y.S. (2016). A comparison of practices during the confinement period
among Chinese, Malay, and Indian mothers in Singapore. Birth, 43(3): 247–254. https://doi.org/
10.1111/birt.12233.

Glew, R.H., Huang, Y-S., VanderJagt, T.A., Chuang, L-T., Bhatt, S.K., Magnussen M.A., and VanderJagt, D.J.
(2001). Fatty acid composition of the milk lipids of Nepalese women: correlation between fatty acid
composition of serum phospholipids and melting point. Prostaglandins Leukotrienes and Essential Fatty
Acids, 65(3): 147–156. https://doi.org/10.1054/plef.2001.0303.

Harris, W.S., Connor, W.E., and Lindsey, S. (1984). Will dietary omega-3 fatty acids change the compo-
sition of human milk? The American Journal of Clinical Nutrition, 40(4): 780–785. https://doi.org/
10.1093/ajcn/40.4.780.

Hayat, L., Al-Sughayer, M.A., and Afzal, M. (1999). Fatty acid composition of human milk in Kuwaiti
mothers. Comparative Biochemistry and Physiology Part B, Biochemistry and Molecular Biology, 124(3):
261–267. https://doi.org/10.1016/s0305-0491(99)00112-1.

Innis, S.M. (2014). Impact of maternal diet on human milk composition and neurological development of
infants. The American Journal of Clinical Nutrition, 99: 734S–741S doi.org/10.3945/ajcn.113.072595.

Jensen, R.G. (1999). Lipids in human milk. Lipids, 34: 1243–1271. https://doi.org/10.1007/s11745-999-
0477-2.

Knox, E., VanderJagt, D.J., Shatima, D., Huang, Y.-S., Chuang, L.-T., and Glew, R.H. (2000). Nutritional
status and intermediate chain-length fatty acids influence the conservation of essential fatty acids in the

336 Acta Alimentaria 52 (2023) 2, 330–337

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 06/20/23 09:04 AM UTC

https://doi.org/10.1038/sj.ejcn.1601939
https://doi.org/10.1038/sj.ejcn.1601939
https://doi.org/10.3109/14767058.2016.1140142
https://doi.org/10.3168/jds.2019--17353
https://doi.org/10.3168/jds.2019--17353
https://doi.org/10.1097/00005176-199602000-00009
https://doi.org/10.1097/00005176-199602000-00009
https://doi.org/10.1016/j.plefa.2019.102023
https://doi.org/10.1111/birt.12233
https://doi.org/10.1111/birt.12233
https://doi.org/10.1054/plef.2001.0303
https://doi.org/10.1093/ajcn/40.4.780
https://doi.org/10.1093/ajcn/40.4.780
https://doi.org/10.1016/s0305-0491(99)00112-1
doi.org/10.3945/ajcn.113.072595
https://doi.org/10.1007/s11745-999-0477-2
https://doi.org/10.1007/s11745-999-0477-2


milk of northern Nigerian women. Prostaglandins, Leukotrienes and Essential Fatty Acids, 63(4):
195–202. https://doi.org/10.1054/plef.2000.0206.

Lubetzky, R., Zaidenberg, G., Mimouni, B.F., Dollberg, S., Shimoni, E., Ungar, Y., and Mandel, D. (2012).
Human milk fatty acids profile changes during prolonged lactation: a cross-sectional study. The Israel
Medical Association Journal, 14(1): 7–10.

Mihályi, K., Györei, E., Szabó, É., Marosvölgyi, T., Lohner, S., and Decsi, T. (2015). Contribution of n-3
long-chain polyunsaturated fatty acids to human milk is still low in Hungarian mothers. European
Journal of Pediatrics, 174(3): 393–398. https://doi.org/10.1007/s00431-014-2411-6.

Sala-Vila, A., Castellote, A.I., Rodriquez-Palmero, M., Campoy, C., and Lopez-Sabater, M.C. (2005). Lipid
composition in human breast milk from Granada (Spain): changes during lactation. Nutrition, 21(7):
467–473. https://doi.org/10.1016/j.nut.2004.08.020.

Schmeits, B.L., Cook, J.A., VanderJagt, D.J., Magnussen, M.A., Bhatt, S.K., Bobik E.G., Huang, Y.S., and
Glew, R.H. (1999). Fatty acid composition of the milk lipids of women in Nepal. Nutrition Research,
19(9): 1339–1348. https://doi.org/10.1016/S0271-5317(99)00091-3.

Silva, M.H.L., Silva, M.T.C., Brandão, S.C.C., Gomes, J.C., Peternelli, L.A., and Franceschini, S.C.C. (2005).
Fatty acid composition of mature breast milk in Brazilian women. Food Chemistry, 93(2): 297–303.
https://doi.org/10.1016/j.foodchem.2004.09.026.

Stanley-Samuelson, D.W. and Dadd, R.H. (1983). Long-chain polyunsaturated fatty acids: patterns of
occurrence in insects. Insect Biochemistry, 13(5): 549–558. https://doi.org/10.1016/0020-1790(83)
90014-8.

VanderJagt, D.J., Arnet, C.D., Okolo, S.N., Huang, Y-S., Chuang, L.T., and Glew, R.H. (2000). Fatty acid
composition of the milk lipids of Fulani women and the serum phospholipids of their exclusively
breast fed infants. Early Human Development, 60(2): 73–87. https://doi.org/10.1016/s0378-3782(00)
00111-0.

Yuan, T., Qi C, Dai, X., Xia, Y., Sun, C., Sun, J., Yu, R., Zhou, Q., Jin, Q., Wei, W., and Wang, X. (2019).
Triacylglycerol composition of breast milk during different lactation stages. Journal of Agricultural and
Food Chemistry, 67: 2272–2278. https://doi.org/10.1021/acs.jafc.8b06554.

Zhang, M., Simon-Sarkadi, L., Üveges, M., Tormási, J., Benes, E., Vass, R.A., and Vari, S.G. (2022). Gas
chromatographic determination of fatty acid composition in breast milk of mothers with different
health conditions. Acta Alimentaria, 51(4): 625–635. https://doi.org/10.1556/066.2022.00120.

Zhao, P., Zhang, S., Liu, L., Pang, X., Yang, Y., Lu, J., and Lv, J. (2018). Differences in the triacylglycerol and
fatty acid compositions of human colostrum and mature milk. Journal of Agricultural and Food
Chemistry, 66: 4571–4579. https://doi.org/10.1021/acs.jafc.8b00868.

Zhu, H., Liang, A., Wang, X., Zhang, W., Zhang, Y., He, X., Liu, Y., Jiang, S., Lu, J., and Lv, J. (2021).
Comparative analysis of triglycerides from different regions and mature lactation periods in Chinese
Human Milk Project (CHMP) Study. Frontiers in Nutrition, 8: 798821. https://doi.org/10.3389/fnut.
2021.798821.

Acta Alimentaria 52 (2023) 2, 330–337 337

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 06/20/23 09:04 AM UTC

https://doi.org/10.1054/plef.2000.0206
https://doi.org/10.1007/s00431-014-2411-6
https://doi.org/10.1016/j.nut.2004.08.020
https://doi.org/10.1016/S0271-5317(99)00091-3
https://doi.org/10.1016/j.foodchem.2004.09.026
https://doi.org/10.1016/0020-1790(83)90014-8
https://doi.org/10.1016/0020-1790(83)90014-8
https://doi.org/10.1016/s0378-3782(00)00111-0
https://doi.org/10.1016/s0378-3782(00)00111-0
https://doi.org/10.1021/acs.jafc.8b06554
https://doi.org/10.1556/066.2022.00120
https://doi.org/10.1021/acs.jafc.8b00868
https://doi.org/10.3389/fnut.2021.798821
https://doi.org/10.3389/fnut.2021.798821

	Outline placeholder
	Fatty acid compositions of colostrum and mature breast milk in Turkey (Mardin)
	Introduction
	Materials and methods
	Lipid extraction and transmethylation of fatty acids
	Gas chromatography analysis

	Results and discussion
	FA composition of colostrum and mature milk

	Conclusions
	Acknowledgements
	References


