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Carnitine during Prolonged Breast Feeding
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MATERIALS AND METHODS

during the first weeks after delivery (17, 18). Hence, because of
possibly insufficient carnitine synthesis, solely breast-fed infants
may develop reduced serum carnitine levels during the first
months of life.

In the present study we measured carnitine concentrations
from the serum of solely breast-fed infants and their lactating
mothers during the first year after delivery. In addition, we
measured carnitine levels in breast milk and calculated the intake
of camitine during prolonged sole breast feeding.

Subjects. The subjects of this study are a subgroup from a
follow-up study of 200 infant-mother pairs (19). The study
protocol was approved by the Ethical Committee of the Chil
dren's Hospital, University of Helsinki, and is in accordance
with the Helsinki Declaration.

We studied 37 infants, 24 girls and 13 boys, born to healthy,
nonsmoking mothers without pregnancy complications. Three
infants were delivered by cesarean section, the others through
the vaginal route. All infants were born at term (37-42 wk of
gestation) and their birth weights were appropriate for the ges
tational ages. All infants had normal Apgar scores of 7 to 10 at
1 min of age. The mean birth weight was 3369 g (range 2740
4040 g), and the mean birth length was 49.7 cm (range 47-51
cm).

Feeding of infants. All 37 mothers were encouraged to feed
their infants solely from the breasts. The number of solely breast
fed infants was 31 at 2 months of age, 28 at 6 months, 7 at 9
months, and none at 12 months. The mean protein concentra-
tion of breast milk decreased from 13 to 8 g/liter whereas the
mean fat concentration increased from 26 to 40 g/Iiter during
lactation (19). All lactating mothers received supplementary iron
and vitamins. Formula and solid food were started when there
was not enough breast milk. The formula (Tutteli by Valio,
Finnish Co-operative Dairy's Association, Helsinki, Finland)
conformed to the FAOjWHO recommendations and contained
16 g/liter of protein (of which 60% whey), 35 g/liter fat (poly
unsaturated/saturated ratio 0.33), and 73 g/liter lactose, corre
sponding to the lactose concentration of breast milk. The total
carnitine concentration of the formula was 204 JLmol/liter. Be
ginning from the age of 3 months, the infants received solid food
which consisted of fruits and vegetables. Cereals and meat were
added at the age of 5 months. The formula was replaced with
cow's milk at the age of 9 months.

Follow-up. All infants were examined and their weight, length,
and skinfold thickness measured every 1-2 months during the
first year oflife at the Children's Hospital, University of Helsinki
(19). Except for mild upper respiratory infections, otitis media,
and diarrhea, the infants were healthy. After the age of 3 months
the solely breast-fed infants grew slower and had more subcuta
neous fat than the weaned infants (19).

Blood and milk samples. A sample from mixed cord blood
was taken at birth whereas the first blood sample from the mother
was taken on the 3rd or 4th day after delivery. Peripheral venous
samples of 5 ml were taken 2, 6, 9, and 12 months after birth.
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ABSTRACf. To assess carnitine levels during prolonged
sole breast feeding we measured serum and breast milk
carnitine concentrations in 37 lactating mothers and their
healthy term infants from birth to the age of 1 yr. The
number of solely breast-fed infants decreased to 31 at 2
months of age, to 28 at 6 months, and to seven at 9 months,
because formula and/or solid food was added when there
was not enough breast milk. In mothers the mean serum
carnitine increased from 35 to 50 JLmol/liter during the fIrst
2 months after delivery and remained unchanged there
after. Irrespective of the type of feeding, the mean serum
carnitine in infants increased from 29 to 59 JLmoljliter
during the fIrst 2 months, remained unchanged during 2-9
months, and decreased to the mean level of mothers there
after. The mean carnitine concentration of breast milk was
high (106 JLmol/liter) immediately after delivery. During
the fIrst 2 months the mean carnitine concentration of milk
decreased to the mean serum level of mothers and remained
unchanged thereafter. The carnitine concentrations of
serum and breast milk did not correlate, however. The
mean daily carnitine intake of the breast-fed infants was
5.7 JLmol/kg at 4 months of age, 4.7 J.Lmol/kg at 6 months,
and 6.0 J.Lmol/kg at 9 months whereas the mean daily
carnitine intake of the infants receiving formula was 28.9
J.Lmol/kg at 1 month of age and 30.7 J.Lmol/kg at 2 months.
The serum concentration of carnitine in our infants did not
correlate with carnitine intake. Our results indicate that
serum carnitine concentrations are maintained during pro
longed sole breast feeding. (Pediatr Res 20: 806-809,1986)
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Carnitine is essential for the utilization of long chain fatty
acids: it facilitates their transport across the mitochondrial mem
brane for /3-oxidation (1).

Carnitine is not an essential nutrient for adults because they
synthesize the carnitine they need (1-3). Newborn infants may
not, however, be capable ofsufficient carnitine synthesis. During
carnitine-free soybean-based formula (4-6) or during total par
enteral nutrition (7-11) newborn infants have reduced blood,
urine, and tissue concentrations of carnitine and retarded keto
genesis, which become corrected only after supplementation with
carnitine (12-14). The ability of neonates to synthesize carnitine
seems to be limited by the low activity ofhepatic 'Y-butyrobetaine
hydroxylase (15).

For newborn infants the natural source ofcarnitine is mothers'
milk. Two days after birth, serum carnitine and ketone bodies
are higher in breast-fed than formula-fed infants, although breast
milk and the formula used had similar carnitine concentrations
(16). Carnitine concentration in breast milk, however, decreases
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Fig. 1. Serum carnitine in mothers and infants during the first year
after birth. The total carnitine concentrations in the serum of breast-fed
infants (closed circles) and their mothers (crosses) during prolonged
breast feeding in comparison with mixed-fed infants (open circles) re
ceiving formula and/or solid food in addition to breast milk. The
numbers in parentheses refer to the number of subjects. Vertical bars
indicate SDs; nmol/ml = Ilmol/liter.
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Fig. 2. Carnitine concentration in breast milk during lactation. The
total (closed circles), free (open circles), and acylcarnitine (crosses) in
breast milk during prolonged breast feeding from birth to 9 months. The
numbers in parentheses refer to the number of milk samples. Vertical
bars indicate SDs; nmol/ml = Ilmol/liter.
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carnitine concentration in the infants was significantly higher (p
< 0.001) than in the mothers. The difference disappeared after 9
months.

The total carnitine concentrations in the serum of the mothers
at the time of delivery correlated positively (r = 0.51, P < 0.01)
with the total carnitine levels of cord blood. Despite breast
feeding, the carnitine concentrations of the mothers and their
infants did not correlate later.

Carnitine concentration in breast milk. In breast milk the
means of the total (106 ttmol/liter), free (78 ttmol/liter), and
acylcarnitine (28 ttmol/liter) concentrations were high immedi
ately after delivery (Fig. 2). Acylcarnitine represented about 30%
of the total carnitine. The means of the total, free, and acylcar
nitine concentrations decreased significantly (p < 0.001) during
the first 2 months after delivery and remained unchanged there
after (Fig. 2). Two months after delivery the mean total carnitine
concentration in breast milk had decreased to the serum level of
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The samples from the infants were taken 2-3 h after breakfast
whereas the mothers fasted overnight.

To produce a milk sample at 0, 2, 4, 6, 7.5, and 9 months
after delivery, all lactating mothers collected 10 ml of milk before
and after each feeding during 24 h. The volume of milk con
sumed daily was assessed by weighing the infants before and after
each feeding during a period of 72 h. The volumes consumed
were 705 ml (range 510-845 ml, n = 7) at 4 months of age, 780
ml (range 500-1025 ml, n = 17) at 6 months, and 910 ml (range
730-1090 ml, n = 5) at 9 months. The amount of formula
consumed daily was calculated as the average consumption
during four days. The volume consumed was 590 (range 500
610, n = 3) at 1 month of age and 770 ml (range 440-1100, n =
4) at 2 months.

Carnitine assays. To avoid caramel formation during alkaline
hydrolysis of milk samples, we modified the method of Sandor
et al. (18) according to Robles-Valdes et al. (20). The sample was
first sonicated, diluted with distilled water in volumes 1 to 4, and
resonicated. Part of the sample was then used for the measure
ment of free carnitine concentration. The rest was hydrolyzed in
0.1 M KOH at 37" C for 60 min. After neutralization and
sonication it was used for the measurement ofthe total carnitine.
Acylcarnitine was calculated by subtracting free carnitine from
the total carnitine.

The total and free carnitine concentrations of milk and the
total carnitine concentration of serum were measured with the
radioisotopic method of McGarry and Foster (21), modified
according to Novak et al. (8). Free carnitine of serum was not
measured because the volumes of the serum samples were too
small. (1- '4C)acetyl-coenzyme A (specific activity 56.6 mCi/
mmol) was purchased from Amersham, England, carnitine ace
tyltransferase (600 kU/liter) from Boehringer Mannheim GmbR,
West Germany, and carnitine and acetyl carnitine from Sigma,
St. Louis, MO. Recoveries were 95.7% for free carnitine and
99.1 % for acetyl carnitine but only 34.5% for palmitoylcarnitine
(purchased from Sigma-Tau, Rome, Italy). Recoveries were sim
ilar for the serum and milk samples. A hydrolysis of 6 h did not
improve the recovery of palmitoylcarnitine. The interassay coef
ficients of variation were 4.4 and 5.5% for free carnitine ofserum
and milk and 3.4 and 7.2% for the total carnitine of serum and
milk.

We also measured the carnitine concentration of a few milk
samples with the method of Warshaw and Curry (16): the fat
was first centrifuged and the sample was then deproteinized by
perchloric acid before alkaline hydrolysis. The concentrations of
free and total carnitine were 12-27% higher than those measured
without fat removal, probably because milk fat does not contain
much carnitine.

Statistical analysis. Statistical analyses were performed with
the BMDP statistical software (22). Two-way analysis of variance
for repeated measurements ofcarnitine was performed with time
as a within factor. Fixed-time comparisons of measurements
between three groups were performed with one-way analysis of
variance and unpaired t tests. Simple linear correlations were
computed between the total, free, and acylcarnitine concentra
tions.

RESULTS

Serum carnitine concentrations. The mean total carnitine con
centration in the serum of our mothers increased (p < 0.0001)
from 35 to 50 ttmol/liter during the first 2 months after delivery
and remained unchanged thereafter (Fig. 1). Irrespective of the
type of feeding, the mean total carnitine concentration in the
serum of our infants also increased (p < 0.0001) from 29 to 50
ttmol/liter during the first 2 months, remained unchanged during
months 2-9, and decreased (p < 0.001) thereafter (Fig. I).

Immediately after delivery the mean total carnitine concentra
tion was higher (p < 0.0001) in the serum of the mothers than
in the mixed cord blood. During months 2-9 the mean total
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the mothers. At the same time the proportion of acylcarnitine
had decreased below 20% of the total carnitine.

In the formula the total, free, and acylcarnitine concentrations
were 204, 137, and 67 JLmoljliter.

During sole breast feeding the infants' mean intake ofcarnitine
per day, calculated from the ingested milk volumes and the total
carnitine concentrations, was 5.7 JLmoljkg (range 4.6-6.5) at 4
months of age, 4.7 JLmoljkg (range 3.4-7.5) at 6 months, and
6.0 JLmoljkg (range 3.2-8.2) at 9 months. The serum concentra
tions of the total carnitine in the infants did not correlate with
the carnitine intakes from breast milk. Neither did the serum
concentrations of the total carnitine in the mothers correlate
with the carnitine contents of breast milk.

During sole formula feeding the infants' mean intake of car
nitine per day, calculated from the total carnitine concentration
and the volume of formula consumed, was 28.9 JLmoljkg (range
26.0-31.0) at I month of age and 30.7 JLmoljkg (range 17.0
4.10) at 2 months.

DISCUSSION

The mean level of the total carnitine was in the mixed cord
blood lower than in the serum of the mothers. In earlier reports
the carnitine level in cord blood has been found to be either
similar (23) or higher (8, 24, 25) than in mothers. In the present
study the blood samples from the mothers were taken 3-4 days
after delivery whereas in previous studies (8, 23-25) the samples
have been taken at the time of delivery. This provides an expla
nation for our finding because serum carnitine levels of pregnant
women are low (24, 26) but increase during the 1st wk after
delivery (18).

Despite the above difference in the sampling time between our
infants and mothers, serum carnitine levels of the mothers cor
related positively with carnitine levels of cord blood, in agree
ment with previous studies (8, 23, 25). Carnitine in the newborn
infant may derive from fetal synthesis or placental transport.
However, indirect evidence suggests that fetal carnitine synthesis
is low (4-15) whereas in vitro perfusion experiments imply that
the human placenta at term plays an active role in carnitine
metabolism by supplying carnitine to the fetus (27).

The mean serum level ofthe total carnitine was during months
2-9 higher in the breast-fed infants than in their mothers. In an
earlier report, carnitine concentration in the plasma of term
infants was low at birth and increased to the adult level in 6
months (28). More than half of plasma carnitine may exist in
the form of esters in newborns, in certain diseases, and during
starvation (29). This provides an explanation for our finding
because we measured the total carnitine concentration whereas
only free carnitine has been measured in previous studies (16,
29).

The relationship between serum and tissue carnitine depends
not only on serum level but also on cellular uptake and turnover.
Carnitine uptake mechanisms requiring energy have been sug
gested to undergo a maturation process during fetal development
(30). In agreement with this suggestion, carnitine concentrations
of tissues are lower and carnitine concentrations ofplasma higher
in premature than term infants at birth (30, 31). In the present
study serum carnitine concentration during months 2-9 was
found to be higher in infants than in the mothers. This could be
explained by assuming that the maturation of the cellular uptake
mechanisms of carnitine continues after birth.

In most sucking animals fatty acid levels in blood are higher
and fatty acid utilization is better during suckling than before
birth or after weaning (32-34). Carnitine is known to enhance
glycerol release from subcutaneous adipose tissue fragments
taken from newborns (35). Carnitine also activates ketogenesis
in the perfused liver ofthe rat (36). Thus, the high serum carnitine
concentrations of our infants are in accordance with the high
energy demands ofgrowth and with the high fat content ofbreast
milk and formula.

The mean total carnitine concentration in the serum of the
mothers remained constant during prolonged lactation. The
serum carnitine of the mothers (50 + 11 JLmoljliter) was similar
to the serum carnitine of nonpregnant women (56 + 14 JLmolj
liter) measured in our laboratory. In addition, the carnitine
content of breast milk, measured at 4, 6, and 9 months, was
found to remain constant during lactation. Thus, our findings
do not support the suggestion that healthy women require sup
plementary carnitine during lactation (I).

Immediately after delivery the mean level of the total carnitine
in breast milk was higher than reported previously (16-18). This
difference may result from methodological difficulties caused by
caramel formation from acylcarnitine during measurement (18).
Although recoveries were much better for acetyl than palmitoyl
carnitine, we did not assess them separately, because palmitoyl
carnitine seldom accounts for a significant proportion of the total
carnitine. Carnitine levels in breast milk decreased during the
first 2 months of lactation, in agreement with previous reports
(17, 18). However, milk carnitine remained constant after 2
months during prolonged breast feeding.

In our infants carnitine intake from breast milk was 3.8-8.2
JLmoljkgjday at the age of 4-9 months. This is similar to the
carnitine intake from the normal adult diet in United States (37).
Carnitine intake in neonates has been suggested to correlate with
serum carnitine when carnitine intake is high or low (9, 14).
Within the range measured in our study, carnitine intake did
not, however, correlate with the serum carnitine concentration
of the infants.

The total carnitine concentration in our formula was 204
JLmoljliter; similar concentrations have been reported previously
(38). In the formula-fed infants aged 1-2 months the intake of
carnitine was five times higher than in breast-fed infants aged 4
9 months whereas the mean serum concentrations of the total
carnitine were similar in the breast-fed and formula-fed infants.
Although serum level of carnitine may be a poor indicator of
carnitine status, our finding agrees with the suggestion that
bioavailability of carnitine is better from breast milk than for
mula (16). The reason for the greater bioavailability from breast
milk is unknown, because information about the absorption of
carnitine from the gastrointestinal tract is limited (39, 40).

Newborn infants develop carnitine shortage during carnitine
free nutrition probably because carnitine synthesis is insufficient.
In the present study we showed that prolonged sole breast feeding
had no reducing effect on the serum carnitine of infants.
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