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Our goal for this study was to determine whether the matu-
ration of fat absorption in neonatal life is functionally related to
an increased ability to hydrolyze dietary fat, to absorb long-chain
fatty acids, or to do both. In 16 preterm and in eight term
neonates, the intestinal ability to hydrolyze triacylglycerols and
the capacity to absorb long-chain fatty acids were determined at
several times between birth and 5 mo after the term age. These
processes were compared with the percentage of fat absorption
(formula-fed infants) or with fecal fat excretion (breast-fed in-
fants). The functional capacity to digest triacylglycerols and to
absorb the lipolytic products was evaluated by measuring serum
concentrations of the lipolytic product [1-13C]palmitate after the
enteral administration of tri-1-13C palmitoyl-glycerol. Long-
chain fatty acids absorption (i.e. independent of lipolysis) was
determined by measuring serum concentrations of [1-13C]stear-
ate after its enteral administration. The efficacy of fat absorption
increased in preterm infants (formula-fed) from 91.2 � 1.1%
(mean � SEM) at 32.3 wk postconceptional age (PCA) to 97.3

� 0.6% at 53.6 wk PCA (p � 0.001), and in term infants from
91.7 � 1.8% (40.0 wk PCA) to 97.4 � 1.3% (58.9 wk PCA, p
� 0.07). Both the serum concentration of [1-13C]stearate and that
of [1-13C]palmitate appeared highly correlated with the efficacy
of fat absorption (r � 0.82, p � 0.02; and r � 0.91, p � 0.004;
respectively) and with PCA (r � 0.99, p � 0.001; and r � 0.85,
p � 0.02; respectively). These results indicate that the functional
development of fat absorption in preterm and term infants is
related to the capacity to absorb long-chain fatty acids from the
intestine. (Pediatr Res 51: 57–63, 2002)
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LCFA, long-chain fatty acids
PCA, postconceptional age
13C-PA, [1-13C]palmitate
13C-PG, tri-[1-13C]palmitoyl-glycerol
13C-SA, [1-13C]stearate

Efficient absorption of fat from the diet is important for
energy supply, growth, and development, especially during
development (1). At the neonatal age, and particularly in the
case of prematurity, a considerable part of dietary fat is not
absorbed from the intestine, but is excreted via the feces (2–5).
Fat absorption involves digestion, requiring lipolysis by lipo-

lytic enzymes, and the subsequent intestinal absorption of the
hydrolyzed fatty acids and monoacylglycerols (6). The uptake
of lipolytic products encompasses intraluminal solubilization
of lipolytic products, their subsequent translocation across the
small intestine, and their incorporation into chylomicrons that
are subsequently secreted into the lymph (7). The importance
and relative contribution of incomplete digestion and a de-
creased ability for fatty acid absorption to the causes of in-
creased fecal fat loss during (preterm) infancy is only partly
understood. Several studies suggest that lipolysis of fats could
be the rate-limiting step in (preterm) neonatal dietary fat
absorption. In the human gastrointestinal system several
lipases are active on dietary triacylglycerols: gastric lipase (8,
9), pancreatic (colipase-dependent) lipase (10, 11), and bile
salt-stimulated lipase (12). Several investigators have demon-
strated a decreased intraduodenal concentration of both pan-
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creatic lipase and bile salt-stimulated lipase in neonates (13–
18). Watkins et al. (19) found that a considerable part of
neonatal fecal fat was composed of di- and triacylglycerols,
also indicating that a diminished lipolytic activity contributes
to the impaired fat absorption in neonatal life. Indirect support
for insufficient lipolysis during early life could also be derived
from the observation that fat absorption is more complete in
breast-fed neonates, compared with formula-fed control in-
fants, based on the presence of bile salt-stimulated lipase in
human milk (20–23). Other studies, however, suggest uptake
of lipolytic products could be rate-limiting. In one study on
fecal fat composition of formula-fed neonates, more than 95%
of the fatty acids were present in hydrolyzed, free form (3).
Also, despite the presence of this additional lipase in human
milk, human milk-fed neonates still have an increased fecal
loss of dietary fat, especially with respect to LCFA. This
phenomenon could be related to a decreased uptake capacity
for LCFA in neonatal life, compared with later in development.
In contrast to medium-chain fatty acids, LCFA are almost
insoluble in water and heavily depend on solubilization, mainly
by bile components, for their efficient transport through the
aqueous phase of the small intestine (24). Several studies
suggest that neonatal bile formation (in particular, intestinal
bile salt concentration) is still insufficient for efficient and
complete solubilization of LCFA (2, 25–28). At present, it is
not known whether the translocation of LCFA across the small
intestinal membrane or the intestinal capacity to assemble and
secrete chylomicrons is rate-limiting in neonatal fat absorption.

It has not been demonstrated in a longitudinal fashion
whether the maturation of fat absorption in neonatal life is
functionally related to an increased capacity to hydrolyze
dietary fat, to an increased ability to absorb LCFA, or to both.
In the present study we aimed to address this issue. We chose
to determine in a longitudinal fashion to what extent the
efficacy of fat absorption in early life (analyzed by a fat balance
method) correlated with the capability to hydrolyze triglycer-
ides, composed of LCFA, and to take up LCFA. Our approach
involved the longitudinal, simultaneous application of two
tests, allowing estimation of the combined capability of the
intestine to hydrolyze triacylglycerols and take up LCFA
(13C-PG test), and of the capability to take up LCFA per se
(13C-SA test). Insight into the causes of neonatal fat malab-
sorption may direct future strategies aimed at enhancing the
efficacy of fat digestion and absorption.

METHODS

Subjects and Formulas

The Medical Ethics Committee of the Sophia Hospital
Zwolle approved the study protocol. Informed consent was
obtained from the parents of 16 preterm (28–37 wk of gesta-
tional age) and eight term (37–42 wk of gestational age)
neonates. All children were healthy during the course of the
study, did not have gastrointestinal disorders, and did not use
antibiotics or other medications reported to influence the gas-
trointestinal tract. In preterm infants, fecal fat excretion
(breast-fed infants) or fat absorption percentage (formula-fed
infants) was analyzed at four consecutive test moments: at 1

wk postnatally in preterm infants (test moment A), at PCA
term (test moment B), at PCA 46–49 wk (test moment C), and
at PCA 53–59 wk (test moment D). Four neonates failed to
complete the full study, three in the preterm group (only the
first test moment completed) and one in the term group (failing
the last test moment).

Dietary intake was recorded (volume, frequency, fat intake,
composition of formula feeding). Dietary intake of fat from
formula was based on intake of volume of enteral feeding and
on the fat content of the specific formula used. The formulas
used were Nenatal (Numico B.V., Zoetermeer, The Nether-
lands) at test moment A, and, at later test moments, either
Nutrilon Premium (Numico B.V.) in 14 infants or Frisolac
(Friesland Coberco Dairy Foods, Meppel, The Netherlands) in
three infants. The fat contents and compositions were as fol-
lows: Nenatal, 4.4 g/100 mL (per 100 g fat: 1.3 g caprylic acid,
1.0 g capric acid, 11.6 g lauric acid, 4.2 g myristic acid, 21.4 g
palmitic acid, 4.1 g stearic acid, 39.7 g oleic acid, 12.6 g
linoleic acid, 1.25 g �-linolenic acid, other 3.3 g); Nutrilon
Premium, 3.5 g/100 mL (per 100 g fat: 1.5 g caprylic acid,
1.3 g capric acid, 9.7 g lauric acid, 4.3 g myristic acid, 17.7 g
palmitic acid, 3.5 g stearic acid, 45.5 g oleic acid, 11.4 g
linoleic acid, 2.1 g �-linolenic acid, other 3.3 g); and Frisolac,
3.5 g/100 mL (per 100 g fat: 1.0 g caprylic acid, 1.0 g capric
acid, 11.5 g lauric acid, 4.0 g myristic acid, 25.0 g palmitic
acid, 3.3 g stearic acid, 38.0 g oleic acid, 13.5 g linoleic acid,
1.35 g �-linolenic acid, other 3.0 g). Dietary intake of fat in
breast-fed infants was not calculated given the difficulty of
quantitating human milk fat intake during breast-feeding in a
reliable fashion.

13C-Labeled Substrates
13C-PG and 13C-SA were purchased from Campro Scientific

B.V. (Veenendaal, The Netherlands) and were both 99%
13C-enriched.

Protocol

At time 0 h of the test day, a combination of 10 mg/kg
13C-PG and 10 mg/kg 13C-SA, mechanically mixed in Nutricia
Soy Emulsion (Numico B.V.) was administered per nasogastric
tube. Within 1 d before administration a fecal sample was
obtained, and 30 min before administration a blood sample was
taken, to allow analysis of background enrichments of specific
13C-lipids. After administration, feces was collected for 72 h
and frozen at �20°C immediately after collection. At 4 h after
administration, a blood sample was taken to analyze serum
concentrations of the specific 13C-lipids. The time 4 h was
chosen based on rat studies in which plasma concentrations of
13C-lipids were stable between 1 and 5 h after their intraduo-
denal administration (29).

Measurements

Serum lipids. Serum lipids were extracted, hydrolyzed, and
methylated according to Lepage and Roy (30). Resulting fatty
acid methyl esters were analyzed both by gas chromatography
and by gas chromatography–combustion isotope ratio mass
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spectrometry, as detailed previously (31). Quantification of the
resulting fatty acid methyl esters was performed with the use of
heptadecanoic acid (C17:0) as an internal standard.

Fecal fat. Fecal fat was extracted from soiled diapers,
according to the method of Beath et al. (32), and quantified
(33). In formula-fed infants, the percentage of total fat absorp-
tion was calculated from the daily dietary fat intake and the
daily fecal fat output and expressed as a percentage of amount
ingested, according to the formula:

Percentage of total fat absorption

�
Fat intake(g/d) � Fecal fat output(g/d)

Fat intake(g/d)
� 100%

Statistics

The clinical data are reported as means � SEM. Correlations
between variables were calculated with the least squares
method and are expressed as Pearson’s coefficient of variation
r. Differences between means (one-way ANOVA) were exam-

ined using SPSS 6.0 software (Chicago, IL, U.S.A.) and were
considered statistically significant at the level of p � 0.05.

RESULTS

Patient characteristics. Thirteen of the 16 enrolled preterm
infants and seven of the eight enrolled term infants completed
the longitudinal study. In the group of preterm infants, 11
infants were formula-fed at the first test moment, whereas all
infants were formula-fed at the last test moment (Table 1). In
the group of term neonates, seven were formula-fed at the time
of enrollment. As expected, the average body weight at birth
was significantly less in the preterm group (1.31 � 0.08 kg)
compared with that in the term group (3.27 � 0.35 kg, formu-
la-fed infants, p � 0.05). During the course of the study, the
mean growth rates were similar in preterm and term infants,
associated with continuously lower body weights of preterm
infants compared with those of term infants, even if corrected
for the prematurity (Table 1).

Table 1. Patient characteristics

Characteristic

Test moment*
p value

(ANOVA)A B C D

Preterm
Formula-fed (n) 11 10 12 13

Age (wk) 32.3 � 0.5 38.4 � 1.0 46.6 � 1.0 53.6 � 1.2 �0.001
Body weight (kg) 1.31 � 0.08 2.31 � 0.10 3.99 � 0.22 5.45 � 0.25 �0.001
Fat absorption (%) 91.2 � 1.1 93.8 � 1.4 98.0 � 0.4 97.3 � 0.6 �0.001
Fecal fat (g/kg/d) 0.60 � 0.14 0.58 � 0.15 0.20 � 0.05 0.16 � 0.04 �0.005
13C-PA conc 4.3 � 2.6 4.2 � 1.6 15.0 � 4.2 14.6 � 3.5 �0.05
(% adm.dose/L)
13C-SA conc 3.1 � 1.2 12.4 � 8.6 23.4 � 7.8 32.4 � 7.5 �0.05
(% adm.dose/L)

Breast-fed (n) 5 3 1 —
Age (wk) 33.1 � 1.0 37.2 � 0.8 47.4 — �0.005
Body weight (kg) 1.31 � 0.20 2.29 � 0.29 4.0 — �0.005
Fecal fat (g/kg/d) 0.83 � 0.06 0.36 � 0.16 0.12 — �0.05
13C-PA conc 9.9 � 8.3 3.3 � 3.2 13.4 NS
(% adm.dose/L)
13C-SA conc 2.4 � 1.0 3.5 � 3.1 50.5 �0.001
(% adm.dose/L)

At term
Formula-fed (n) 7 5 5

Age (wk) 40.0 � 0.6 47.7 � 1.0 58.9 � 1.83 �0.001
Body weight (kg) 3.27 � 0.35 4.75 � 0.44 7.10 � 0.26 �0.001
Fat absorption (%) 91.7 � 1.8 96.3 � 1.2 97.4 � 1.3 NS (p � 0.07)
Fecal fat (g/kg/d) 0.54 � 0.13 0.24 � 0.10 0.15 � 0.06 NS (p � 0.07)
13C-PA conc 2.75 � 0.84 17.94 � 4.62 17.41 � 9.48 NS
(% adm.dose/L)
13C-SA conc 13.38 � 10.30 21.97 � 8.38 45.18 � 21.87 NS
(% adm.dose/L)

Breast-fed (n) 1 3 2
Age (wk) 41.6 48.4 � 0.9 60.9 �0.005
Body weight (kg) 3.70 5.77 � 0.41 6.68 NS
Fecal fat (g/kg/d) 0.32 0.22 � 0.08 0.23 NS
13C-PA conc 1.42 13.71 � 6.04 15.09 NS
(% adm.dose/L)
13C-SA conc 5.61 27.58 � 13.61 29.19 NS
(% adm.dose/L)

* In preterm infants, test moment A is first postnatal (preterm) week, B is corrected term age, C is corrected 6–8 wk, and D is corrected 13–19 wk. In term
infants, test moment B is at term, C is 6–9 wk, and D is 13–19 wk.

Abbreviation used: % adm., % administered.
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Fat absorption percentage and fecal fat excretion during
the first months of postnatal life. The percentage of fat
absorption in preterm infants (formula-fed) increased from
91.2% at the first test moment to 97.3% at the last test moment
(p � 0.001; Table 1). In the group of term infants (formula-
fed), the percentage of total fat absorption also tended to
increase during the study period, namely from 91.7% to 97.4%,
but the level of significance was not reached (p � 0.07).
Results in preterm and term infants appeared very similar: at
approximately 46 wk PCA, the percentage of fat absorption
reached adult levels, i.e. �95% in each of the two groups, and
remained constant thereafter. If one could (arbitrarily) fit the
pooled data of term and preterm infants on a second-order
polynomial curve, the equation would read [fat absorption
percentage] � 63.16 � 1.17[PCA] � 0.01[PCA]2 (r � 0.89,
figure not shown).

The reliable quantitation of fat intake in breast-fed infants is
extremely difficult. To be able to compare results in breast-fed
infants with those in formula-fed infants, the daily fecal fat
excretion was determined at each test moment, based on 3-d
feces collection (Table 1). In both breast-fed and formula-fed
infants, the fecal fat excretion decreased during development
and, in formula-fed infants, appeared reciprocal to the observed
fat absorption percentage. If one could (arbitrarily) fit the
pooled data on fecal fat excretion and PCA on a second-order
polynomial curve, the equation would read [fecal fat excretion]
� 3.60 � 0.126[PCA] � 0.001[PCA]2 (r � 0.90, figure not
shown).

Combined capability for lipolysis of dietary triacylglycerols
and subsequent LCFA uptake. The serum appearance of
13C-PA after enteral administration of 13C-PG provides infor-
mation, which is related to both the functional capability of
hydrolyzing triacylglycerols and the ability of the intestine to
absorb. On pooling the data, dietary fat absorption percentage
was correlated with serum concentrations of 13C-PA at 4 h
after the administration of 10 mg/kg 13C-PG (r � 0.91, p �
0.004; Fig. 1A), with the following equation: [13C-PA] � 2.175
� fat absorption percentage � 195.95. Linear regression cal-
culated with individual data, i.e. four per preterm infant and
three per term infant, results in r � 0.23, p � 0.05. Finally, the
mean r value for the individual linear regressions of the
preterm infants (four data points per infant) is 0.39.

To appreciate the notion that the data are distributed essen-
tially in two clusters (Fig. 1A), the regression line is not drawn.

Intestinal absorption of LCFA. The serum concentration of
13C-SA in blood, after its enteral administration, provides
information on the intestinal ability of LCFA uptake, as this fat
does not require lipolysis before absorption. There appeared to
be a high correlation between dietary fat absorption percentage
and serum concentrations of 13C-SA at 4 h after the adminis-
tration of 10 mg/kg 13C-SA (r � 0.82, p � 0.02; Fig. 1B), with
the following equation: [13C-SA] � 4.038 � fat absorption
percentage � 362.32. Linear regression calculated with indi-
vidual data, i.e. four per preterm infant and three per term
infant, results in r � 0.40, p � 0.001. Finally, the mean r value
for the individual linear regressions of the preterm infants (four
data points per infant) is 0.58.

Uptake of LCFA during development. In the study design
chosen, term and preterm infants could be compared at similar
PCA. The strikingly similar relationships obtained thus far in
the two groups of infants indicated that the functional devel-
opment of intestinal fat absorption is strongly related to PCA.
To further investigate this relationship in more detail, we
related the PCA with the serum concentration of 13C-PA (from
13C-PG; Fig. 2A) and 13C-SA (Fig. 2B) as a percentage of the

Figure 1. Relationship between fat absorption percentage and the 4h serum
concentration of 13C-PA (A) or 13C-SA (B) in formula-fed preterm (F) or term
(□) infants, after the administration of [13C]-PG (10 mg/kg) or 13C-SA (10
mg/kg), respectively, at time 0. Fat absorption percentage and serum 13C-PA
or 13C-SA concentrations were determined on the basis of a 72-h fat balance
as described in “Methods.” The number of infants tested at each test moment
varied from 10 to 13 and from five to seven, for preterm and term infants,
respectively (Table 1). Linear regression analysis on pooled samples indicated
significant correlations between fat absorption percentage and the 4-h serum
concentration of either 13C-PA (r � 0.91, p � 0.004; A) or 13C-SA (r � 0.82,
p � 0.02; B). Based on the apparent clustering of the data points in A, no
regression line is depicted. Vertical and horizontal error bars represent SEM of
13C-PA or 13C-SA concentration and of fat absorption percentage,
respectively.
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administered dose per liter in term and preterm (formula-fed)
infants.

Linear regression analysis on pooled data resulted in a
significant correlation between the PCA and serum concentra-
tions of 13C-PA (r � 0.85, p � 0.02) or, even more strikingly,
of 13C-SA (r � 0.99, p � 0.001). Linear regression calculated
with individual data, i.e. four per preterm infant and three per
term infant, resulted in r � 0.41, p � 0.001, for 13C-PA and r
� 0.48, p � 0.001, for 13C-SA, respectively. Finally, the mean
r values for the individual linear regressions of the preterm
infants (four data points per infant) were 0.41 for 13C-PA, and

0.67 for 13C-SA. Particularly the results on 13C-SA support the
concept that the observed increased capacity to absorb LCFA
is mainly determined by postconceptional development, rather
than, for example, postnatal development.

DISCUSSION

It has long been appreciated that the intestinal absorption of
dietary fat occurs less efficiently in neonatal life than occurs
from the age of approximately 4–6 mo. The contributions of
low pancreatic enzyme secretion and bile production have been
implied in the origin of less efficient fat absorption during early
life. In the present study we aimed to determine the functional
development of fat absorption in a longitudinal fashion in
preterm and term infants, and to relate the efficacy of fat
absorption to the functional capacities to hydrolyze dietary fat
and to absorb (hydrolyzed) fatty acids from the intestinal
lumen. At specific postnatal ages, two stable isotope tests were
simultaneously performed in neonates in a longitudinal fash-
ion. By directly measuring the appearance of stable isotopi-
cally labeled fatty acids in serum, rather than quantifying
postabsorptive metabolites as 13CO2 in breath, we expect to
have overcome at least part of the difficulties that have been
reported on quantitatively relating fat absorption with 13CO2

expiration after enteral administration of labeled fat (34). The
results from the two tests used in the present study, the 13C-PG
test and the 13C-SA test (discussed below), provide strong
indications that the development of fat absorption efficacy in
preterm and term infants is not functionally related to the
capability to hydrolyze dietary triacylglycerols, but rather to
the intestinal capability to take up LCFA from the lumen.

The efficacy of fat absorption increased with either PCA
(Table 1) or postnatal age (data not shown) in preterm and term
infants, which was consistent with previously reported data (3,
4). It appeared that the infants seemed to reach mature levels of
fat absorption already at the PCA of approximately 46 wk
(Table 1). The actual percentages of fat absorption at neonatal
age were similar (35, 36) or slightly higher (4, 37, 38) than
those reported by others. It cannot be excluded that differences
in formula composition or feeding regimen accounted for
observed (slight) differences. The observed time-dependent
development of fat absorption efficacy provided an excellent
basis to determine the functional importance of increasing
capacities to hydrolyze dietary fat and to take up fatty acids
from the intestinal lumen. Initially, we aimed to compare the
results obtained in formula-fed infants with those in breast-fed
infants. However, the number of infants that were breast-fed
for the entire length of the longitudinal study appeared too low
to allow statistically reliable conclusions. It is nevertheless
tempting to speculate that the present results obtained in
formula-fed infants are likely to be similar in breast-fed in-
fants. This speculation is supported by similar rates of fecal fat
excretion in breast-fed and formula-fed infants during the
course of the study, assuming that the daily fat intake in
breast-fed infants is similar (Table 1). Ideally, the percentages
of fat absorption should be compared in this respect, but the
actual fat intake in breast-fed infants, which is needed to
calculated the percentage of fat absorption, is difficult to obtain

Figure 2. Relationship between PCA and the 4-h serum concentration of
13C-PA (A) or 13C-SA (B) in formula-fed preterm (F) or term (□) infants,
after the administration of [13C]-PG (10 mg/kg) or 13C-SA (10 mg/kg),
respectively, at time 0. Fat absorption percentage and serum 13C-PA or 13C-SA
concentrations were determined on the basis of a 72-h fat balance as described
in “Methods.” The number of infants tested at each test moment varied from
10 to 13 and from five to seven, for preterm and term infants, respectively
(Table 1). Linear regression analysis on pooled samples indicated significant
correlations between PCA and the 4-h serum concentration of either 13C-PA (r
� 0.85, p � 0.02; A) or 13C-SA (r � 0.99, p � 0.001; B). Vertical and
horizontal error bars represent SEM of 13C-PA or 13C-SA concentration and of
PCA, respectively.
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in a reliable fashion. Based on the precautions stated above,
only data of the formula-fed infants were used for correlating
efficacy of fat absorption with the serum appearance of either
13C-PA or 13C-SA.

By measuring serum concentrations of 13C-PA after the
enteral administration of 13C-PG, the functional capacities to
hydrolyze triacylglycerols and to take up the lipolytic products
were determined simultaneously. We reasoned that if either of
the two functional processes (lipolysis and LCFA uptake) were
rate-limiting for neonatal fat absorption, one would expect a
strong correlation between efficacy of fat absorption and the
serum 13C-PA concentration, as measured during the func-
tional development of neonatal fat absorption during 4–6 mo.
The explanation for this concept is that the serum appearance
of 13C-PA from 13C-PG does not only depend on efficient
lipolysis in the intestinal lumen, but also on the intestinal
ability to absorb LCFA. The 13C-SA test would then discrim-
inate whether the lipolytic capacity or, alternatively, the LCFA
uptake capability could be identified as the most important
contributor to functional development of fat absorption. Be-
cause 13C-SA is already in the form of an absorbable, free fatty
acid, its appearance in serum is not expected to be related to
intestinal lipolytic activity (39). Except for lipolysis, however,
all other processes involved in fatty acid absorption are very
similar for 13C-SA and for (triglyceride-derived) 13C-PA, both
being saturated LCFA. If the development of lipolytic ability
would govern the actual fat absorption percentage at different
test moments, one would expect that the fat absorption per-
centage would be strongly correlated with serum 13C-PA con-
centrations, but not with serum 13C-SA concentrations. Alter-
natively, if the fat absorption percentage in early life were
regulated by the intestinal capability to take up LCFA, one
would expect that the fat absorption percentage was correlated
with serum concentrations of 13C-PA, and also with those of
13C-SA. The latter situation appeared to apply, i.e. fat absorp-
tion percentage correlated with both serum 13C-PA concentra-
tion and 13C-SA concentration (Fig. 1). Present results allow us
to speculate that the reported increase in intestinal lipolytic
ability during the first months after birth in preterm and term
neonates (13–15) is not governing neonatal fat absorption
efficacy.

The choice for palmitate and stearate as marker molecules
was based on several reasons. First, palmitate and stearate are
rather similar in physicochemical characteristics (both being
saturated LCFA). Second, the saturated nature of the molecules
prevented the risk of oxidation of the molecules during storage
or handling. Third, both fatty acids are normally present in
infant formulas in appreciable amounts. Finally, although the
percentage of stearate absorption is usually lower than that of
palmitate, the absorption percentages of these fatty acids par-
alleled each other in groups of neonates fed different infant
formulas (40).

In the formulas used, the contents of palmitic acid were
higher than those of stearic acid. Also, the serum concentra-
tions of palmitic acid are 2- to 3-fold higher than those of
stearic acid. The administration of similar molar amounts of
the 13C-fatty acids was therefore expected to result in lower
serum enrichments for palmitic acid than for stearic acid.

Except for the first test moment in preterm infants, lower serum
enrichments of palmitic acid than of stearic acid were indeed
observed (Table 1). Yet, the absolute differences in stearic acid
and palmitic acid enrichments did not interfere with the inter-
pretation of the results. Rather than comparing the absolute
enrichments of palmitic acid with those of stearic acid, the
time-dependent change of the enrichment of each fatty acid
during the postnatal period was the aim of study.

The time point of the serum sampling, namely 4 h after
administration, was arbitrarily chosen, partly based on 13C-PA
experiments in an animal model (29) and on a [13C]linoleic
acid absorption study in children with cystic fibrosis (31). We
do realize that the observations in the rat cannot be directly
extrapolated to the human situation and that results obtained
for [13C]linoleic acid absorption may not be similar for 13C-PA
or 13C-SA. It is in fact likely that in the present study, the
infants differed in, for example, gastric emptying, both among
each other as well as at the various test moments. To correct for
these variances, we could have compared the ratios between
the serum concentrations of the two 13C-lipids, as both lipids
are expected to be affected to similar extents. Yet, strong
correlations were already obtained without executing this cor-
rection. A theoretical alternative for the use of plasma values
would have been the quantitation of the unabsorbed 13C-fatty
acids in the feces. However, the correlation between unab-
sorbed (fecal) concentrations of 13C-fatty acids and dietary fat
absorption has been demonstrated to be weak, probably attrib-
utable to tracer effects and to compensatory 13C-fatty acid
absorption in the distal parts of the small intestine (29, 39,
41–44).

The intestinal ability to take up LCFA can be subdivided
into luminal solubilization (mainly by bile components), sub-
sequent translocation across the apical membrane of the intes-
tinal mucosal cell, and, finally, mucosal reacylation, incorpo-
ration into chylomicrons, and secretion into the lymph. From
the present study we cannot conclude which of these processes
is responsible for the observed correlation between efficacy of
fat absorption and intestinal capability to take up LCFA.
However, the bile and bile salt compositions have been re-
ported to change during development, both in preterm and term
neonates (2, 25, 27, 28), which could be related to the presently
obtained results. To elucidate the possible rate-limiting role of
biliary LCFA solubilization in a similarly functional study,
longitudinal investigations of bile composition in relation to
the capability of LCFA uptake would be informative.
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