Eur J Nutr 39: 31-37 (2000)
© Steinkopff Verlag 2000

Natasa Fidler
Berthold Koletzko

Received: 3 January 2000
Accepted: 25 February 2000

N. Fidler, Ph. D., Institute for Nutrition,
Biotechnical Faculty,

University of Slovenia,

Domzale, Slovenia

B. Koletzko, M. D., (X))

Head, Div. Metabolic Disorders and
Nutrition

Dr. von Haunersches Kinderspital,
University of Munich

Lindwurmstr. 4,

D-80337 Miinchen, Germany

E-mail: Berthold.Koletzko @kk-i.med.
uni-muenchen.de

ORIGINAL CONTRIBUTION

The fatty acid composition

of human colostrum

Summary We reviewed 15 studies
reporting on the fatty acid composi-
tion of colostrum lipids from 16 geo-
graphic regions: 11 European studies
and one study each from Central
America, the Caribbean, Australia
and Asia. The contents of essential
fatty acids, saturates and polyunsatu-
rates were similar in the southern Eu-
ropean countries Spain, Slovenia and
France. Colostrum of St. Lucian
women was high in saturates and low
in oleic acid, reflecting a high-carbo-
hydrate, low-fat diet. Abundant fish
intake was reflected in high contents
of docosahexaenoic acid and total
n-3 long-chain polyunsaturated fatty
acids in St. Lucia. Two French stud-
ies published with an interval of

two years showed a very similar
colostrum fatty acid composition,
whereas two German studies ob-
tained with an interval of 14 years
showed higher docosahexaenoic acid
and arachidonic acid contents in the
later study, with an unchanged

Introduction

n—6/n-3 long-chain polyunsaturated
fatty acid ratio. Studies from Spain
reported a decline of o-linolenic acid
in colostrum over a time period of 13
years. Colostrum of Australian
women contained the lowest polyun-
saturated/saturated and n—6/n-3 long-
chain polyunsaturated fatty acids ra-
tios (0.28 and 1.58) and the lowest
contents of linoleic and a-linolenic
acids (7.8 and 0.4 wt. %). In contrast,
the contents of docosahexaenoic acid,
eicosapentaenoic acid and total n—3
long-chain polyunsaturated fatty
acids (0.6, 0.4 and 1.4 wt.%) were
higher in Australian than in European
samples. Fatty acid composition of
human colostrum appears to be
markedly influenced by geographic
differences in maternal dietary com-
position.

Key words Capillary gas chro-
matography — diet — fat extraction —
human milk — maternal nutrition

Several studies have analysed the fatty acid composition

The fat content and fatty acid composition of human milk
are variable. Milk fatty acid composition is influenced by
diet, duration of pregnancy, stage of lactation, maternal
parity, some diseases such as maternal diabetes, and possi-
bly other individual and genetic factors [1]. Maternal diet
appears to be the most important variable determining milk
fatty acid composition, and differences observed in various
geographic regions are primarily attributed to dietary dif-
ferences.

of colostrum, transitional and mature human milk. The lit-
erature on fatty acid composition of mature human milk
has been reviewed [1,2]. Since colostrum is the first food
for the newborn infant and determines the initial postnatal
substrate supply to the exclusively breastfed infant, it de-
serves a closer examination. This paper reviews the pub-
lished information on fatty acid composition of colostrum
lipids in different countries.
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Methods

We performed an electronic literature search for data on
colostrum fatty acid composition published during the last
16 years (1983 to 1999). Included were studies reporting
data on colostrum defined as human milk samples col-
lected between day 0 and 5 post-partum. We detected 15
studies reporting data from 16 geographic regions in 12
different countries, among them 11 studies in Europe, one
each in central America and the Caribbean, one in Australia
and one in Asia (Table 1). The Chinese study [3] includes
data on fatty acid composition of women from two differ-
ent areas, with very different dietary habits, which are pre-
sented separately.

Fatty acids data are presented as weight percentages
(wt. %), which allows direct comparison of fatty acid val-
ues found in different studies [2, 4]. No attempts were
made to distinguish relative variation of the data in the var-
ious studies since both the methodology used and the pre-
sentation of the data differed considerably. Metabolites of
linoleic and alpha-linolenic acids, respectively, with 2 to 6
double bonds and 20 or 22 carbon atoms were grouped as
long-chain polyunsaturated fatty acids (LCP) of the n-3
and n—6 series, respectively.

Results

All women whose colostrum was analysed gave birth to
full term babies, except three women in the Norwegian
study [17] who gave birth prematurely, and one subgroup
examined in Germany [13] that was not included in the
evaluation. The number of subjects in the cited studies
varies from only 6 to up to 89 (Table 1). We also noted the
methodology of milk collection if stated in the publication
(Table 1). In all cited studies, the fatty acid composition of
total lipids has been determined, with the exception of
Martin et al. [5] who determined the fatty acid composition
of milk triglycerides.

Fatty acid composition of colostrum lipids

Total saturates were calculated from the sum of between 5
and 14 fatty acids. They were the lowest in Spain [6] and
Slovenia [7] (37.2 and 37.7 wt.%) and highest in St. Lucia
(49.6 wt. %). [8] The high amount in St. Lucia in colostrum
lipids was due to higher content of all saturated fatty acids.
The content of medium-chain fatty acids (C6-C12) was re-
ported to increase in transitional and mature human milk,
which is typical for the diet rich in carbohydrates and low in
fat [1]. Similar high values of saturated fatty acids (more
than 50 wt.%), also due to intermediate-chain fatty acids,
have been reported in mature human milk from African
women who consume high carbohydrate diets, since high
carbohydrate diets enhance de novo fatty acid synthesis [2].

The average content of total saturated fatty acids in
colostrum lipids of women from most other European
countries and Australia was in a very small range from 41
to 45 wt.%, which is within the range that has been reported
for mature human milk in European countries [2]. The dis-
tribution of saturated fatty acids in colostrum lipids was
very similar in all studies, palmitic (C16:0) acid being rep-
resented in the greatest amounts, followed by stearic
(C18:0) and myristic acid (C14:0).

Total monounsaturates were calculated as the sum of
two to eight fatty acids. They were the lowest in St. Lucia
[8] and Panama [9] (about 35 wt. %) and highest in Italy
[10] (about 45 wt.%). Most other total monounsaturated
values were within the range of 39 to 44 wt. %. [3-6,
11-15] The very low amount of monounsaturates in
colostrum lipids of women from St. Lucia and Panama is
due to a low content of oleic acid [8]. Very high amounts of
monounsaturates in Italy reflect dietary habits in Mediter-
ranean countries with high intakes of monounsaturated and
low intakes of saturated fatty acids [10].

Total polyunsaturates calculated as the sum of between
nine and fifteen fatty acids were lowest in Australia [16]
and Sweden [11] (12.2 and 12.4 wt. %) and highest in
Panama [9] (24.4 wt. %). The polyunsaturated/saturated
(P/S) ratio (Table 2) was very high in Panama (0.64) [9], as
well as in Slovenia [7], China (Hong Kong) [3] and Spain
[6], (0.58 to 0.55), whereas in most other countries it was
in the range from 0.26 (in Sweden) [11] to 0.38 (in
Chongquing, China) [3].

The mean content of linoleic acid (Table 2) in colostrum
lipids was very different between countries, from as low as
about 8 wt. % in Australia [4], Sweden [11] and Poland [15],
to as high as about 15 wt.% in Spain [6] and Slovenia [7] or
even 18.3 wt.% in Panama [9], 1. e. more than twofold higher
than the Australic, Swedish and Polish values. In the other
studies from St. Lucia [8], Italy [10], Germany [13, 14],
Norway [17] and France [5, 12] mean linoleic acid contents
from 8 to 12 wt. % have been reported.

The a-linolenic acid content was the lowest in Italy
[10], Australia [4], Spain in 1998 [9] and St. Lucia [8] (near
0.4 wt.%), and the highest in Panama [9] and China (Hong
Kong) [3] (near 1.3 wt.%). The linoleic/o-linolenic acid ra-
tio in colostrum lipids was in the range from 7.9 in Sweden
[11] to over 27.4 in Italy [10] and Spain [9]. Lower mean
ratios were reported for mature milk of women from Euro-
pean countries (9.2-13.7), whereas for mature milk of
women from African countries ratios in a very wide range
from 9.3 to even 157 have been reported [2].

The content of long-chain polyunsaturated (LCP) in hu-
man milk lipids is highest in colostrum and decreases with
the maturation of milk, as cleary documented in several
studies [3, 6, 811, 13, 14, 18]. The major LCP in
colostrum lipids are docosahexaenoic acid (C22:6n-3,
DHA), docosapentaenoic (C22:5n-3) and eicosapen-
taenoic acid (C20:5n-3) of the n—3 series and arachidonic
acid (C20:4n-6), eicosatrienoic (C20:3n—6) and eicosa-
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dienoic acids (C20:2n-6) of the n—6 series. This pattern of
predominant LCP fatty acids is similar to that of mature hu-
man milk, although at an about twofold higher LCP per-
centage content in colostrum as compared to mature milk
[2]. The content of DHA in colostrum lipids was reported
to be as low as 0.2 wt. % in Italy [10] and Germany in 1983
[14], and to be near 0.6 wt.% in Norway [17], Panama [9],
China (Hong Kong and Chongquing) [3], France [12] and
Australia [4]. The highest DHA content in colostrum lipids
was reported to be 1.1 wt.% in St. Lucia [8], a value more
than 5-fold higher than the lowest reported contents [10,
14] (Table 2 and Fig. 1). The high content of DHA and to-
tal n—3 LCP in colostrum lipids from women living in St.
Lucia, a Caribbean island, is most probably the conse-
quence of high maternal intake of sea fish [8]. Several stud-
ies that examined the effect of a high DHA intake on hu-
man milk composition reported the DHA content of human
milk to be directly related to maternal intake [19, 20]. The
very low amount of DHA in colostrum lipids reported for
women from Genoa, Italy is unexpected since it is gener-
ally assumed that the Italian or mediterranean diet includes
a generous sea fish intake. However, the actual dietary
habits of the Italian women participating in the study were
not described [10]. Arachidonic acid in colostrum lipids
was reported to be in a wide range, from a low of 0.6 wt.%
in Germany in 1983 [14] and France in 1991 [5] to 1.6 and
2.1 wt. % in St. Lucia [8] and Poland [15]. The content of
total n—3 LCP as well as total n—6 LCP fatty acids was as
well the highest in St. Lucia (1.5 and 4.2 wt. %) [8] and the
lowest in Italy (0.6 and 1.3 wt.%) [10]. The n—-6 LCP/n-3
LCP ratio ranged from 1.6 to 3.8.

Fatty acid composition in colostrum lipids in different
studies from the same countries

Two studies each reported fatty acid composition of
colostrum lipids studied at different times from France [5,
12], Germany [13, 14] and Spain [6, 9]. The two French
studies were published with a time interval of only two
years and reported remarkably similar contents of all fatty
acids. The Spanish studies were reported with an interval
of 13 years. The only marked difference was a considerably
lower content of a-linolenic acid in the later study (0.5 wt.
% in 1998 vs.1.1 wt.% in 1985), accompanied by a re-
markable increase of the 18:2n-6/18:3n-3 ratio, from 19.1
in 1985 to 27.5 in 1998, the latter being higher than re-
ported in any of the other studies reviewed here. The two
German studies were published 14 years apart. The first
study [14] was obtained in a smaller population (10 vs. 32
women in the later study). The contents of saturates, mo-
nounsaturates and polyunsaturates as well as P/S ratios
were very similar in the two studies, as were the contents
of linoleic and oi-linolenic acid and their ratio (Tables 1 and
2). Remarkably different were contents of some n—3 LCPs,
specially eicosapentaenoic acid (0.43 in 1983 vs. 0.04 wt.

% in 1997) and DHA (0.21 in 1983 vs.0.45 wt. % in 1997,
Table 2 and Fig. 1). For the sum of n-3 and n—-6 LCP fatty
acids, there was a trend towards higher values in 1997,
whereas the n—6/n—3 LCP ratio of 2.6 remained unchanged.

Fatty acid composition in colostrum lipids in two differ-
ent regions of China

Very different dietary habits have been reported from two
different parts of China, Hong Kong and Chongquing,
which are reflected in several differences in fatty acid com-
position in colostrum lipids as well as in mature milk (at 2,
4 and 6 weeks post-partum) [3].

Discussion

The initial substrate supply of the exclusively breast fed
neonate is provided by colostrum; thus its content of es-
sential and conditionally essential nutrients may be of con-
siderable biological importance. The results reviewed here
show that colostrum lipids have high percentages of LCP
that tend to be at least twice as high as typically found in
mature milk. This high percentage content of LCP com-
pensates for the lower average fat content of colostrum,
which contains between 20 and 30 g fat/l [3,17] and hence
clearly less than the mean fat content of mature milk near
40 g/1 [1]. Thus, the high LCP content of colostrum can
supply the breastfed neonate with significant amounts of
preformed LCP during the first few days after birth in spite
of the still limited total milk intake. This LCP provision
may be of biological importance in view of the strong
bioactive effects of LCP on cell growth and function, the
formation of eicosanoids and the regulation of cardiovas-
cular, immune and many other physiological functions [1].

There are some limitations in the conclusions that can
be drawn from the published data discussed here. The dif-
ferent studies have been carried out in groups of women
which may or may not be representative of the populations
from which they were recruited, and they were studied at
different times during which dietary habits might have
changed, which could have influenced the results on milk
fatty acid composition obtained. The number of subjects
investigated in the various studies differ. A limited subject
number may be more problematic in studies on early lac-
tation since the fatty acid composition of mature milk was
reported to be less varaible than the composition of
colostrum or transitional milk, although some degree of in-
traindividual variation is also observed for the fatty acid
composition of mature milk [3, 6, 22].

With time, analytical methods have changed and tended
to improve considerably. In two early studies, gas chro-
matography with packed analytical columns ware used for
fatty acid determination [4, 15], which provides only lim-
ited resolution and precision and introduces errors particu-
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larly with respect to determination of LCP fatty acids. In
all later studies, more accurate methodologies with capil-
lary analytical columns were used (Tables 1 and 2), which
are about ten times more sensitive and can identify a larger
number of fatty acids [23].

While most studies reported on the fatty acid composi-
tion of total lipids, Martin et al. [5] published the colostrum
triglyceride fatty acid composition. Since triglycerides rep-
resent 98 to 99 % of total milk lipids, the fatty acid com-
position of triglyceride fraction is practically identical to
the fatty acid composition of total milk lipids [24, 25].

Although potential influences of differences in meth-
odology cannot be excluded, the increase of the
18:2n-6/18:3n-3 ratio over time found in Spain [9,11] ap-
pears to reflect a secular increase of dietary consumption of
linoleic acid with vegetable oils, i. e., achange from the clas-
sical mediterranean diet rich on monounsaturated fats to-
wards a more Western diet with higher intakes of n—6 fatty
acid rich seed oils. The ratio of linoleic to o-linolenic acids
is of importance, because both fatty acids compete for the
same enzymes for LCP fatty acids biosynthesis of their re-
spective series. Therefore, the precursor ratio affects the
n—6/n-3 LCPratio [21, 26]. The changes over time reported
from Germany, with an increasing colostral content of LCP
fatty acids [13, 14], might reflect changes in dietary habits
in Germany such as a raised consumption of meat and fish
products, or differences in the analytical methods used with
a higher sensitivity for LCP measurement with the more re-
cent methodology [13]. There was a considerable variation
of both the reported AA and DHA contents between and
within the various studies. It has been suggested that breast
milk AA may be less sensitive to maternal dietary intakes
than that of other fatty acids including DHA [3, 21], but the
datareviewed here do not allow to draw final conclusions on
the relative variation of AA versus DHA. In fact, the mea-

surement of whole body oxidation of a '3C-labelled oil rich
in DHA by lactating women was recently shown to be iden-
tical to the oxidation of a '*C-labelled dietary linoleic acid,
which appears to question differential metabolic handling
of different essential fatty acids during lactation [27]. In any
case, the variation in the fatty acid and LCP content of hu-
man colostrum appears to be modulated by maternal dietary
composition and to reflect differences in dietary habits be-
tween countries and within the same countries over time.
Recent studies with stable isotope labelled essential fatty
acids have shown that only about 30 % of human milk es-
sential fatty acids are derived directly from the maternal
diet, irrespective of the stage of lactation, while the major
part of milk fatty acids are derived from maternal body
stores [28]. Thus, we consider the observed differences in
colostrum composition to reflect to a great part long-term
dietary habits of the women studied.

Human milk composition is generally used as the model
for designing infant formula unless other evidence is avail-
able [26, 29]. However, the composition of mature human
milk is usually considered as the gold standard for defini-
tion of an adequate dietary substrate intake of the human
infant. This might not be adequate under all conditions dur-
ing the first days of life when infantile endogenous LCP
synthesis is very limited [30], but infants already grow and
deposit LCP in newly formed tissues and membrane lipids,
a process that has been related to neural development [31].
Hence, the definition of adequate levels of LCP intakes in
artificially fed neonates during the first week of life might
require further consideration.
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