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Fatty Acid Composition of Breastmilk of Israeli Mothers
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We conducted this study to determine the fatty acid composition of breastmilk of Israeli
women and compare it with baby milk substitutes. Samples of mature breast milk, from 29
lactating Israeli Jewish mothers were collected during feedings.  Total milk lipids extracts
were transmethylated and analyzed by using an improved gas-chromatographic method.
About 72% of the total fatty acids in the investigated breast milk comprised oleic (18:1c;
31±4%), palmitic (16:0; 21±4%), and linoleic (18:2n-6; 20±4%) acids. Total saturated fatty
acids represented 42±7% of total fatty acids. The monounsaturated fatty acids content
was 33±5%, of which 94% was oleic acid, and the polyunsaturated fatty acids content
was about 24±4%, of which 85% was linoleic acid. The α-linolenic acid level found in this
study, 2.0±0.6%, was higher than the range of values reported for the world population
(0.10-1.4%). The main fatty acids composition of the milk substitutes has very similar
composition to the breast milk. Docosahexaenoic acid levels are particularly low among the
population of Jewish nursing mothers in relation to the milk substitutes, containing
docosahexaenoic acid in their formulations.
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T
he presence of long chain polyunsaturated
fatty  acids (LC-PUFAs) during early life is
thought to be vital to nervous system growth
and maturation, and as such, great emphasis

has been placed on the LC-PUFAs content of breast
milk [1,2]. The breast milk fats present in maternal milk
vary widely throughout the world according to both
maternal dietary habits and environmental background
[3]. The amount of docosahexanoeic acid (DHA)
present in breast milk varies considerably and is
dependent largely on maternal diet. Research has shown
that breast milk concentrations of DHA typically
comprise between 0.1 and 1.0% of the total FAs
content, with the differences depending on the maternal
intake of marine food sources [4,5].

There is little information about the distribution of
fatty acids in breast milk of Israeli women [6]. Therefore,
this study analyzed the fatty acid composition of the
mature breast milk of Israeli Jewish woman. In addition,
because a large portion of Israeli infants are fed using
infant formulas, we also compared the composition of
breast milk to that of infant formulas commonly used in
Israel.

METHODS

This study involved 29 lactating healthy Israeli Jewish
mothers (8-12 weeks post-partum) from the south of

Israel whose full term infants (born at 37-41 weeks
gestation) were fed exclusively with breastmilk. All
women were consuming self-selected diets. All study
procedures were approved by the institutional ethics
committee of Ben-Gurion University of Negev, Soroka
Medical Center, and informed consent was obtained
from all participants.

Samples (60–100 mL) of mature breast milk were
collected from all the women during feedings at
approximately the midpoint (after three minutes) of each
feeding, by manual extraction.  Time of collection was
between 12:00 to 15:00. Milk samples were collected
during the year 2008 and immediately frozen at -80°C.
The mothers were interviewed by a medical doctor about
their dietary habits in general.

The lipid profile of the breast milk was analyzed
using a procedure previously described in the literature
[7].  Lipid composition of baby milk powders was taken
from the packaging, according to the manufacturer’s
report from two infant formulas of two different
companies (A and B; “d” stands for dairy and “s” stands
for soy milk) that are popular in Israel.   Formula “A” has
added long-chain fatty acids DHA and ARA.

Statistical analysis. All data were analyzed using the
statistical data analysis package included with Microsoft
Excel 97. Correlations between the percentage (w/w) of
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each FA, total trans FAs, and groups of similar FAs were
examined using Pearson correlation coefficients.
Relations were considered significant at P<0.05.

RESULTS

The amount of linoleic (18:2n6), α-linolenic (18:3n3),
arachidonic (20:4n6), and docosahexaenoic (22:6n3)
acids and the sums of FAs groups (Web Table 1) did not
show significant correlations with each other, except for
the correlation between n-3 and n-6 LC-PUFAs. Table I
shows the main FAs content of the breast milk.

About 72% of the total FA in the investigated breast
milk comprised oleic (18:1c; 31 ± 4%), palmitic (16:0;
21 ± 4%), and linoleic (18:2n-6; 20 ± 4%) acids. Total
SFA  represented 42 ± 7% of total fatty acids, of which
about half was palmitic acid. The MUFAs content was
33 ± 5%, of which 94% was oleic acid, and the PUFAs
content was about 24 ± 4%, of which 85% was linoleic
acid. The mean total trans FAs concentration was
0.39 ± 0.13%.

DISCUSSION

Saturated fatty acids found in mature human breast milk
in our study were very close to the results of several
others recent studies [2,8,9] Lactating women from
Asian countries and Saudi Arabia showed higher SFAs
contents (52-66%) [10,11], whereas Chinese [10,12],
Canadian [8], Brazilian [13], European [1], and Turkish
[3] lactating women showed similar values to those
found in our study (38-45%).  Percentages of medium
chain saturated fatty acids (MC-SFAs, C8:0–C14:0)
found in the milk of Israeli women  were within the range
of values found for other populations  [3, 11-14].  The
MUFAs content of the milk in our study was  also
consistent with those obtained in previous studies [18-
20].

Trans fatty acids comprised a relatively low
proportion (0.40% ± 0.13) of the fatty acid content of

Israeli women’s breast milk compared to most other
populations around the world. The low trans FAs values
found in this study are difficult to explain. The total
PUFAs of mature breast milk in this study was higher
than those found for the North American (10-17%) and
European (9-14%) populations [1,15] and similar to
those of Turkish lactating women (27% PUFAs and 24%
C18:2n-6). The similar findings are probably due to the
consumption of similar plant oils.The α-linolenic acid
level found in the milk of Israeli Jewish women in this
study was higher than the range of values reported for
the world population (0.10-1.4%) [3,9-11,15-17]. We
found a significant correlation (r=0.7, P<0.05) between
n-6 and n-3 LC-PUFAs in the human milk in this study
(Fig. 1). It was suggested that this finding may be
explained by a mutual pathway for LC-PUFAs synthesis
and secretion in milk, which is shared by both the n-6
and the n-3 fatty acids, [3]. This pathway may protect the

TABLE I  ESSENTIAL FATTY ACID COMPOSITION OF BREAST MILK OF JEWISH MOTHER AND COMMERCIAL BABY MILK FORMULA

% by weight Infant formula Infant formula Infant formula Infant formula Breast milk
of total fats A dairy A soy bean* B dairy  B soy bean* Mean (SD)

Saturated fats 55% 45% 64% 32% 43  (7%)

Unsaturated fats 46% 54% 36% 67% 57  (7%)

Linoleic acid (18:2n6) 19% 16% 18% 18% 20 (4%)

a-Linolenic acid (18:3n3) 2.0% 1.4% 1.9% – 2.0 (0.6%)

ARA (20:4n6) 0.43% 0.52% – – 0.44  (0.17%)

DHA (22:6n3) 0.41% 0.49% – – 0.17  (0.11%)

Vegan milk; ARA: Arachidonic acid; DHA: Docosahexamic acid.

FIG 1. Correlation of LC-PUFAs content of the n-3 and the n-6 (LC-
PUFAs) series in human milk lipids from Israeli mothers.
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infant by providing a relatively constant n-6/n-3 ratio in
infant diets that carries over into the tissues [3].

DHA levels are particularly low among the
population of Jewish mothers in relation to the milk
substitutes containing DHA in their formulations. 20%
of nursing women’s milk contained DHA below the limit
of measurement. Israeli women’s diet is based mainly
on dairy products, carbohydrates, poultry and
vegetables, and poor in fish from deep-water sources.
Thus, it is unlikely to provide sufficient DHA to support
optimal postnatal neuro-visual development. It is
possible that high levels of α-linolenic acid (18:3n3)
often compensate for the lack on DHA.

Acknowledgment: College of Engineering, SCE.
Contributors:  All the authors have contributed, reviewed and
approved the manuscript.
Funding: None; Competing interests: None stated.

REFERENCES

1. De la Presa-Owens S, López-Sabater MC, Rivero-Urgell
M. Fatty acid composition of human milk in Spain. J
Pediatr Gastroenterol Nutr. 1996;22:180–5.

2. Agostoni C. LC-PUFA content in human milk: is it always
optimal? Acta Paediatr. 2005;94:1532–4.

3. Samur G, Topcu A, Turan S. Trans fatty acids and fatty
acid composition of mature breast milk in Turkish women
and their association with maternal diet. Lipids.
2009:44:405–13.

4. Kuipers RS, Fokkema MR, Smit EN, van der Meulen J,
Boersma ER, Muskiet FA. High contents of both
docosahexaenoic and arachidonic acids in milk of women
consuming fish from lake Kitangiri (Tanzania): targets for
infant formulae close to our ancient diet? Prostaglandins
Leukot Essent Fatty Acids. 2005;72:279–88.

5. Yuhas R, Pramuk K, Lien EL. Human milk fatty acid
composition from nine countries varies most in DHA.
Lipids. 2006;41:851–8.

6. Shehadeh N, Aslih N, Shihab S, Werman MJ, Sheinman R
Shamir R. Human milk beyond one year post-partum:
Lower content of protein, calcium and saturated very long
chain fatty acids. J Pediatr. 2006;148:122-4.

7. Moltó-Puigmartí C, Castellote AI, López-Sabater MC.
Conjugated linoleic acid determination in human milk by
fast-gas chromatography. Anal Chim Acta. 2007;17;122-30.

8. Chen ZY, Pelletier G, Hollywood R, Ratnayake WM. Trans
fatty acid isomers in Canadian human milk. Lipids.
1995;30:15–21.

9. Mojska H, Socha P, Socha J, Sopliñska E, Jaroszewska-
Balicka W, Szponar L. Trans fatty acids in human milk in
Poland and their association with breastfeeding mothers’
diets. Acta Paediatr. 2003;92:1381–7.

10. Schmetics BL, Cook JA, Vanderjagt DJ, Magnussen MA,
Bhatt SK, Bobik EG. Fatty acid composition of the milk
lipids of women in Nepal. Nutr Res. 1999;19:1339–48.

11. Al-Othman AA, El-Fawaz HA, Hewdy FM, Abdullah NM.
Fatty acid composition of mature breast milk of Saudi
lactating mothers. Food Chemistry. 1996;57:211–5.

12. Chen ZY, Kwan KY, Tong KK, Ratnayake WM, Li HQ,
Leung SS. Breast milk fatty acid composition: a
comparative study between HongKong and Chongqing
Chinese. Lipids. 1997;32:1061–7.

13. da Cunha J, Macedo da Costa TH, Ito MK. Influences of
maternal dietary intake and suckling on breast milk lipid
and fatty acid composition in low-income women from
Brasilia, Brazil. Early Hum Dev. 2005;81:303–11.

14. Silva MHL, Silva MTC, Brandao SCC, Gomes JC,
Peternelli LA, Franceschini SCC. Fatty acid composition
of mature breast milk in Brazilian women. Food
Chemistry. 2005;93:297–303.

15. Lauritzen L, Halkjaer LB, Mikkelsen TB, Olsen SF,
Michaelsen KF, Loland L, et al. Fatty acid composition of
human milk in atopic Danish mothers. Am J Clin Nutr.
2006;84:190–6.

16. Jirapinyo P, Densupsoontorn N, Wiraboonchai D,
Vissavavejam U, Tangtrakulvachira T, Chungsomprasong
P, et al. Fatty acid composition in breast milk from 4
regions of Thailand. J Med Assoc Thai. 2008;91:1833–7.

17. de Lucchi C, Pita ML, Faus MJ, Periago JL, Gil A.
Influences of diet and postnatal age on the lipid
composition of red blood cell membrane in newborn
infants. Ann Nutr Metab. 1988;32:231–9.

18. Mosley EE, Wright AL, McGuire MK, McGuire MA. trans
Fatty acids in milk produced by women in the United
States. Am J Clin Nutr. 2005;82:1292–7.

19. Friesen R, Innis SM. Trans fatty acids in human milk in
Canada declined with the introduction of trans fat food
labeling. J Nutr. 2006;136:2558–61.

20. Anderson NK, Beerman KA, McGuire MA, Dasgupta N,
Griinari JM, Williams J, et al. Dietary fat type influences
total milk fat content in lean women. J Nutr.
2005;135:416–21.


