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Background: Human milk produced during prolonged lactat- 
ion (> 1 year) is extraordinarily rich in fat and has a higher 
energy content than human milk produced during short 
lactation. 
Objectives: To estimate the fatty acid (FA) profile of human 
milk and to test the hypothesis that the proportion of C12 
and C14 (two dietary saturated FA known to most promote 
hypercholesterolemia) in human milk during prolonged 
lactation is similar to that in short lactation. 
Methods: We conducted a cross-sectional study of 30 
mothers of term infants lactating for more than 1 year as 
compared with 25 mothers of full-term infants who lactated 
for 2–6 months. Milk was collected by manual expression in 
mid-breastfeeding. 
results: The two groups did not differ in maternal height, 
weight, body mass index, diet, infant birth weight and 
gestational age, but mothers in the prolonged lactation group 
were significantly older. There was a significant correlation 
between lactation duration and C12 or C14. The percentage 
of all FA combined (except for C12 and C14) decreased 
significantly over time. In contrast, C12:0 and C14:0 combined 
increased significantly during lactation (R2 = 10.0%, P < 0.03). 
conclusions: Women who lactated for more than 1 year had 
higher C12 and C14 FA percentages in their milk than women 
who lactated for 2–6 months.
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t he optimal duration of breastfeeding is unknown. Since 
1979, the World Health Organization [1], the American 

Academy of Pediatrics [2] and the American Academy of 
Family Physicians [3] recommend that children throughout 
the world be breastfed for a minimum of 1–2 years, with no 
defined upper limit on duration of breastfeeding. In 2007, the 

American College of Obstetricians and Gynecologists stated 
that its members’ "professional objectives are to encourage 
and enable as many women as possible to breastfeed and to 
help them continue as long as possible" [4]. 

One of the important long-term benefits of breastfeeding is 
reduced cardiovascular risk in adulthood [2,5]. However, two 
studies have suggested that the beneficial effect of breastfeeding 
on cardiovascular risk exists only if weaning is performed prior 
to 1 year of age; moreover, some researchers have suggested 
that beyond 1 year, prolonged breastfeeding might actually 
increase the cardiovascular risk [5,6]. In a previous study we 
demonstrated that human milk produced during prolonged 
lactation (> 1 year) is extraordinarily rich in fat and has a 
higher energy content than human milk produced during the 
first half-year of lactation [7].

Dietary fat has differential effects on hypercholesterolemia. 
Some dietary saturated fatty acids, in particular C12:0 and 
C14:0, are known to most promote hypercholesterolemia in 
humans [8]. In order to estimate the FA profile of human milk 
we conducted a cross-sectional study of 55 women lactating for 
periods ranging from 2 to 6 months (short lactation duration) 
and for more than 1 year (prolonged lactation duration). We 
tested the null hypothesis that the proportion of "cholesterol-
promoting" fatty acids, namely C12 and C14, in human milk 
during prolonged lactation is similar to that in short lactation. 

suBJects and MetHOds

The milk of 30 mothers of full-term, healthy, growing children 
lactating for more than 1 year was compared to that of 25 moth-
ers of full-term infants who lactated for 2–6 months. All infants 
were healthy, free of congenital malformations, and had been 
born after a normal pregnancy, labor and delivery. In order to 
control for possible diurnal variations [9,10], for the analyses 
we used one sample collected between 9.00 p.m. and midnight 
from every subject. Milk was collected by manual expression 

FA = fatty acids
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in mid-breast feeding. Maternal type of diet (omnivorous vs. 
lacto-ovo-vegetarianism) was recorded.

laBOratOrY MetHOds 

All milk samples were stored at -20°C until analyzed. Lipids 
were extracted with chloroform-methanol (2:1) with buty-
latedehydroxyanisole used as an antioxidant, and fatty acids 
were identified as published previously [11,12]. 

statistical analYses

Results are expressed as mean ± SD. Student’s t-tests were used to 
determine the differences between the two groups (2–6 months 
and > 1 year) for continuous variables, and chi-square tests for 
categorical variables. Linear regression was used to determine 
the correlation between lactation duration and the percentage 
of each individual fatty acid. Stepwise backward multiple regres-
sion was used to determine the effect of variables found to be 
significant in univariate analysis on fatty acid profile. 

results

The demographic and maternal characteristics of the study 
participants are presented in Table 1. There were 55 infants 
breastfed for either 2–6 months (short duration group, n=25) 
or 12–39 months (long duration group, n=30). The two groups 
(short versus prolonged lactation) did not differ in terms of 
maternal height, weight, body weight index, diet (most were 
omnivorous and had a Mediterranean-type diet, except for 
four mothers who were lacto-ovo-vegetarians – three in the 
short duration and one in the long duration lactation groups), 
infant birth weight and gestational age. They, however, differed 
significantly in terms of maternal age, with mothers in the pro-
longed lactation group being older (P = 0.02) [Table 1]. 

Table 2 depicts the individual fatty acid measured, expressed 
as a percentage of total FA in milk. There were no significant 
differences between the two groups in terms of FA percent-
ages for all FA considered except for C14 (P = 0.046). Four 

fatty acids from the long chain polyunsaturated group were 
undetectable in a large percentage of samples and fell below the 
limit of detection of the method we used in this study. 

When the duration of lactation was used as a continuous 
variable and not as a categorical variable, there was a signifi-
cant correlation between lactation duration and C12 (R2 = 
7.4%, P = 0.05) and lactation duration and C14 (R2 = 9.2%, 
P = 0.029). No other fatty acid correlated significantly with 
lactation duration. The percentage of all fatty acids combined 
(except for C12 and C14) decreased significantly over time 
in contrast to C12:0 and C14:0 combined which significantly 
increased during lactation (R2 = 10.0%, P < 0.03) [Figure 1]. 
In univariate and multiple regression, maternal age was not 
found to significantly influence the FA profile.

discussiOn

We found that the fatty acid profile of human milk during 
prolonged lactation (> 1 year) was not identical to that of 
human milk during short lactation (2–6 months). The dif-

short lactation 
(2–6 mos) 
(n=25)

Prolonged 
lactation
(> 1 yr) (n=30) P

Maternal age (yrs) 31.4 ± 3.3 34.8 ± 4.2 0.02

Maternal weight (kg) 59.6 ± 8.8 62.7 ± 14.0 NS

Maternal height (m) 1.65 ± 0.05 1.64 ± 0.06 NS

Maternal BMI (kg/m2) 22.3 ± 2.7 23.1 ± 4.3 NS

Duration of lactation (mos) 3.65 ± 1.1 18.6 ± 6.2 < 0.001

Infant gestational age (wks) 39.0 ± 1.7 39.6 ± 1.5 NS

Infant birth weight (kg) 3.25 ± 0.4 3.20 ± 0.45 NS

Data are expressed as mean ± SD
BMI = body mass index, NS = not significant

table 1. Demographic and clinical characteristics

short lactation 
(2–6 mos) (n=25)

Prolonged lactation
(> 1 yr) (n=30)

C4:0 3.81 ± 6.75 2.793 ± 2.48

C6:0 0.79 ± 1.73 1.73 ± 4.99

C8:0 3.84 ± 6.2 3.94 ± 6.9

C10:0 2.88 ± 4.2 5.14 ± 6.0

C12:0 3.1 ± 2.0 3.8 ± 2.1

C14:0* 3.9 ± 2 5.4 ± 3.4

C14:1 1.2 ± 1.2 1.8 ± 1.8

C16:0 15.0 ± 9.5 14.6 ± 9.4

C16:1 5.2 ± 7.6 6.8 ± 7.9

C18:0 15.9 ± 13.4 14.9 ± 12.1

C18:1 n-9 8.3 ± 7.3 6.6 ± 7.7

C18:1 (total) 24.2 ± 8.6 21.5 ± 10.4

C18:2 n-6 27.5 ± 17.4 21.2 ± 14.7

C18:2 n-7 0.45 ± 0.9 0.18 ± 0.6

C18:3 n-3 0.46 ± 0.72 0.9 ± 1.2

C18:3 n-6 0.43 ± 0.6 0.64 ± 1.3

C20:0 0.58 ± 0.6 1.07 ± 1.4

C20:3 n-6 Undetectable Undetectable

C20:4 n-6 0.85 ± 1.24 1.82 ± 2.33

C20:5 n-3 Undetectable Undetectable

C22:5 n-3 Undetectable Undetectable

C22:6 n-3 Undetectable Undetectable

Data are expressed as mean ± SD (% of total FA)
*The groups did not significantly differ in all fatty acids measured except for 
C14 (P = 0.046)

table 2. Laboratory characteristics 
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by a similar cross-sectional approach in addition to a very small 
sample size (fewer than 14 patients in each group). 

If we postulate that indeed C12 and C14 increase dur-
ing prolonged lactation over time, this has to be considered 
together with the striking finding that human milk produced 
during prolonged lactation (> 1 year) is extraordinarily rich 
in fat and has a higher energy content than human milk 
produced during the first half-year of lactation [7]. Indeed, 
C12 and C14 are the saturated fatty acids that have been 
shown to have the greater hypercholesterolemic effect in 
humans [8]. Moreover, human milk has considerably higher 
concentrations of cholesterol than most available formulas, 
and infants fed human milk have higher plasma cholesterol 
concentrations than formula-fed infants [14]. The long-term 
impact of prolonged human milk feeding on cholesterol 
metabolism and on cardiovascular risk is unclear and con-
troversial. Relative hypercholesterolemia in infancy might be 
beneficial in that it may "program" endogenous cholesterol 
synthesis rates by lowering synthesis [14], but whether lower 
cholesterol synthesis rates persist into adulthood is unknown, 
although it has been demonstrated in rats [15]. 

The importance of a high percentage of C12 (lauric acid) 
and C14 (myristic acid) in the diet of human milk-fed infants 
may not be restricted to cholesterol metabolism and cardiovas-
cular protection. Indeed, lauric acid, metabolized into mono-
laurin, has been shown to play multiple roles as an antibacterial 
and antiviral agent [16-18]. Infants fed with human milk are 
notably protected against a multitude of infectious diseases, 
and it is possible that one of the many agents involved is indeed 
lauric acid. Whether or not prolonged lactation protects infants 
against infections has not been studied systematically. 

The fact that the concentrations of docosahexaenoic acid 
were low or undetectable in the samples studied was surpris-
ing to us. Indeed, generally reported concentrations of DHA 
in human milk range between 0.27 and 0.48 and are reported 
to be little influenced by maternal diet [19]. We must point 
out that Shehadeh et al. [13] in a study of human milk during 
prolonged lactation also found undetectable values of DHA in 
the majority of samples. The latter study was also performed in 
Israel, thus raising the question whether the maternal Israeli 
diet or prolonged lactation can be responsible for this finding. 
Kosher food restrictions forbid the use of seafood other than 
scaly fish, which might impose a restriction on LC-PUFA intake 
among religiously observant Israeli women. Moreover, research 
from Israel reveals that the Israeli population consumes a high 
level of omega-6 fatty acids while the intake of omega-3 fatty 
acids is relatively low [20,21]. Essentially all cold water fish, 
kosher fish (salmon, herring, cod, sole, etc.) or non-kosher 
seafood (shrimp, lobster, etc.) produce and contain omega-3 
and omega-6 fatty acids. Thus, as long as patients eat seafood, 

DHA = docosahexaenoic acid
LC-PUFA = long chain polyunsaturated fatty acids

ferences found were not striking and became apparent only 
when we used duration of lactation as a continuous variable. 
Doing so, there was a significantly higher percentage of C12 
and C14 FA and a lower percentage of all other combined 
fatty acids in human milk during prolonged lactation. 

It must be emphasized that a limitation of our study was 
its cross-sectional design. Thus, we cannot conclude with 
certainty that C12 and C14 increase over time during lacta-
tion, and we can only state that women who lactated for more 
than 1 year had higher C12 and C14 percentages in their milk 
than women who lactated for 2–6 months. It is indeed pos-
sible that the differences between the two groups were not 
related to lactation duration but to differences between the two 
groups for some important but unrecognized other variable(s). 
For example, a systematic difference in dietary intake of fat 
between the two groups cannot be excluded. However, most 
women in the study ate a Mediterranean-type diet, and only 
four women were lacto-ovo-vegetarian. More subtle dietary 
differences (fish, vegetable oil, fruit/vegetable consumption) 
might have had a substantial influence on fatty acid intake and 
breast milk composition. The two groups were also similar in 
terms of maternal height, weight, body mass index, infant birth 
weight and gestational age. They were significantly different in 
terms of maternal age (the mothers were older in the prolonged 
duration group). The presence of older mothers in the pro-
longed duration group may indicate significant socioeconomic 
differences between the two groups, which theoretically may 
have influenced the results. However, in multiple regression 
analysis, maternal age was not found to affect the fatty acid 
profile. Thus, we emphasize that the results of our study, a pilot 
study, should be confirmed in a longitudinal approach. 

We are aware of another study that also examined the fatty 
acid profile of human milk during prolonged (14 months) and 
short (3 months) lactation [13]. In that study, there were no dif-
ferences in FA profile between groups, but the study was limited 

figure 1. Correlation between C12+C14 (percent of total fatty acids) 
and lactation duration (months) (R2 = 10.0%, P < 0.03)

Duration of Lactation (months)

C1
2+

C1
4 

(%
 o

f t
ot

al
 F

A
)

0 10 20 30 40

20

15

10

5

0



Original articles

10 

IMAJ • VOL 14 • JANUARY 2012

and arterial distensibility in early adult life: population based study. BMJ 
2001; 322: 643-7. 
Mandel D, Lubetzky R, Dollberg S, Barak S, Mimouni FB. Fat and energy 7. 
contents of expressed human breast milk in prolonged lactation. Pediatrics 
2005; 116: e432-5.
Hayes KC. Saturated fats and blood lipids: new slant on an old story. 8. Can J 
Cardiol 1995; 11 (Suppl G): 39-46G.
Clark RM, Ferris AM, Fey M, Brown PB, Hundrieser KE, Jensen RG. 9. 
Changes in the lipids of human milk from 2 to 16 weeks postpartum. J Pediatr 
Gastroenterol Nutr 1982; 1: 311-15.
Ruel MT, Dewey KG, Martinez C, Flores R, Brown KH. Validation of single 10. 
daytime samples of human milk to estimate the 24-h concentration of lipids 
in urban Guatemalan mothers. Am J Clin Nutr 1997; 65: 439-44.
Mitoulas LR, Gurrin LC, Doherty DA, Sherriff JL, Hartmann PE. Infant intake 11. 
of fatty acids from human milk over the first year of lactation. Br J Nutr 2003; 
90: 979-86.
Chouinard PY, Corneau L, Barbano DM, Metzger LE, Bauman DE. Conjugated 12. 
linoleic acids alter milk fatty acid composition and inhibit milk fat secretion in 
dairy cows. J Nutr 1999; 129: 1579-84.
Shehadeh N, Aslih N, Shihab S, Werman MJ, Sheinman R, Shamir R. Human 13. 
milk beyond one year post-partum: lower content of protein, calcium, and 
saturated very long-chain fatty acids. J Pediatr 2006; 148: 122-4.
Cruz ML, Wong WW, Mimouni F, et al. Effects of infant nutrition on 14. 
cholesterol synthesis rates. Pediatr Res 1994; 35: 135-40.
Reiser R, Sidelman Z. Control of serum cholesterol homeostasis by cholesterol 15. 
in the milk of the suckling rat. J Nutr 1972; 102: 1009-16.
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aureus. Antimicrob Agents Chemother 2005; 49: 3187-91.
Carpo BG, Verallo-Rowell VM, Kabara J. Novel antibacterial activity of 17. 
monolaurin compared with conventional antibiotics against organisms from 
skin infections: an in vitro study. J Drugs Dermatol 2007; 6: 991-8.
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kosher or non-kosher, they probably obtain an adequate supply 
of omega-3 or 6 fatty acids, assuming they consume two por-
tions a week as suggested by the American Heart Association 
[22]. The price of fish in Israel is usually higher than that of 
poultry, meat and dairy products, which might be a deterrent 
to adequate fish intake in the Israeli diet. Indeed, an interna-
tional comparison shows that the average percent of total food 
expenditure in Israel is 14.11% for meat products, 12.97% for 
dairy products, and only 2.51% for fish products [23]. 

We conclude that women who lactated for more than 1 year 
had higher C12 and C14 fatty acid percentages in their milk 
than women who lactated for 2–6 months. This finding must 
be confirmed in a longitudinal prospective approach. Whether 
or not clinical outcomes – both short term (such as visual 
and early motor and cognitive outcomes, etc.) and long term 
(better IQ scores, improved immunological health, reduced 
atherosclerosis risk, etc.) – in an individual are affected by the 
composition of human milk fat remains to be studied.
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Invariant natural killer T cells (iNKT cells) have a prominent 
role during infection and other inflammatory processes, 
and these cells can be activated through their T cell antigen 
receptors by microbial lipid antigens. However, increasing 
evidence shows that they are also activated in situations 
in which foreign lipid antigens would not be present, which 
suggests a role for lipid self-antigen. Brennan et al. found that 
an abundant endogenous lipid, β-D-glucopyranosylceramide 
(β-GlcCer), was a potent iNKT cell self antigen in mouse and 

human and that its activity depended on the composition of 
the N-acyl chain. Furthermore, β-GlcCer accumulated during 
infection and in response to Toll-like receptor agonists, 
contributing to iNKT cell activation. Thus, the authors 
propose that recognition of β-GlcCer by the invariant T cell 
antigen receptor translates innate danger signals into iNKT 
cell activation.
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invariant natural killer t cells recognize lipid self-antigen induced by microbial danger signals




