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Carnitine content of liquid formulas and
special diets1’2
Peggy R. Borum,3 Ph.D., Carla M. York,4 B.S., and Harry P. Broquist,5 Ph.D.

ABSTRACT Radioisotopic analyses for carnitine content were done on infant formula, for-

mulas for tube feeding, food supplements, and chemically defined diets. The carnitine content of

the diets depend on the protein source. Products whose main protein source is soy protein isolate,

casein, or egg white solids contain 4 nmole carnitine per milliliter or less, with most of them

containing undetectable amounts of carnitine. Products based on milk or beef contain SO to 656

nmole carnitine per milliliter. The daily requirement of the body for carnitine is unknown. Evidence

is discussed that indicates that the possible use of carnitine as a supplement to formula diets

intended for long-term care needs to be considered. Am. J. Clin. Nutr. 32: 2272-2276, 1979.

A recent review article appearing in The
American Journal of Clinical Nutrition em-
phasizes how little we know about the content
of carnitine in foods and discusses the ques-
tions “as to whether carnitine needs are in-
deed met entirely by endogenous synthesis

and what role, if any, dietary carnitine plays
in both normal metabolism and in disease”

(I).
Since fl-oxidation of long-chain fatty acids

in all tissues is totally dependent upon car-
nitine (2), inadequate levels of carnitine in

the body have severe physiological sequelae.
It was the aim of this study to determine

the carnitine content of various infant for-
mulas, tube feeding formulas, food supple-
ments, and chemically defined diets that are
consumed by infants or by seriously ill mdi-
viduals who are unable to eat a normal diet
for various reasons.

Materials and methods

Samples were obtained from the manufacturers or

purchased from stores in Nashville, Tenn. (l-’4C] Acetyl

CoA was purchased from New England Nuclear and

Amersham, carnitine acetyl transferase and N-ethytmal-

eimide from Sigma, L-carnitine from General Biochem-
icals, and CoA from PL-Biochemicals.

Carnitine was assayed by a modification of the Ced-

erblad and Lindstedt (3) radioisotope method as de-

scribed previously (4) with the further modification that
Solution III of the ingredient mix was changed to 1 M

potassium phosphate buffer pH 7.0 containing 2 mg/mI

N-ethylmaleimide to pull the reaction to near comple-

tion.

Powdered samples were dissolved in deionized water,

and although the samples may have been analyzed in a

more concentrated form, the data for both powdered and

liquid formulas are presented as nmole carnitine per

milliliter of the concentration recommended by the man-

ufacturer for dietary intake. All the data presented are

the mean value of at least triplicate determinations of a

single preparation. The results of the triplicate assays
were within 10% of each other.

Results

The values for carnitine content of the
products are presented in Table I . Since all

samples were subjected to KOH hydrolysis at
the beginning of the assay (4) Table 1 lists
total carnitine values. Formulas whose main

protein source is soy protein isolate, casein,

or egg white protein have very low concen-
trations of carnitine. These formulas contain
4 nmole carnitine per milliliter or less, with
most containing undetectable amounts of car-

nitine. Formulas based on milk or beef have
much higher concentrations of carnitine.

Discussion

Carnitine was formerly known as vitamin
BT (5), but the daily requirements of the body

for carnitine are unknown for all mammalian
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species including humans. Carnitine is syn-
thesized in the liver from the essential amino

acids lysine and methionine. Although it has
always been assumed that individuals eating
a diet containing sufficient levels ofthe essen-

tial amino acids would synthesize adequate
amounts of carnitine, it has recently become
apparent that there are individuals with a
systemic carnitine deficiency (6).

The carnitine content of fetal heart as corn-
pared to adult heart has been known for some
time to be quite low (7). We have shown that
during the normal development of the new-
born rat, there is an increase in the carnitine
concentration of plasma, cardiac muscle, and
skeletal muscle (8). It has been shown that at
least a portion ofthe carnitine in the newborn

rat comes from the mother’s milk (9). It is not
known if the newborn liver is capable of
synthesizing carnitine from lysine and methi-

onine if dietary carnitine is not provided.
In human subjects, plasma carnitine levels

are low in prematures and newborns. From
35 weeks to adult age carnitine concentrations
increase more than 5-fold in both skeletal
muscle and cardiac muscle (10). Therefore,

the same trend of carnitine accumulation in
the tissues during normal development of the
rat also appears to occur in human subjects.

We have found human milk to contain 59

nmole carnitine per milliliter, which agrees
well with the data of other investigators (11).
If the human infant normally obtains carni-
tine from the mother’s milk, one would expect

infants fed a soy protein-based formula to be
somewhat carnitine deficient. Indeed, the
levels of plasma carnitine are lower in infants
receiving soy protein based formula than in

infants receiving human breast milk or cow’s
milk ( 12). High levels of hepatic carnitine
have been shown to be required for ketogen-

esis to occur (13). Thus one would expect an
infant with no dietary carnitine to show an
impaired production of ketone bodies that is
seen in the normal newborn. The plasma
concentration of$-hydroxybutyrate has been

shown to be significantly lower in infants
maintained on a soy-based formula (14).

Advances in technology and medicine have

introduced numerous innovations in the nu-
tritional management of critically ill patients.
Blended food formulas, milk and/or soy liq-
uid diets, and chemically-defmed diets are

frequently used as the sole means of nutri-

tional support for individuals who can not
eat normal foods. Since all the long-chain
fatty acids supplied in the diet must be trans-
ported into the mitochondria via the carnitine

system before they can be oxidized to produce
energy, adequate tissue carnitine levels are
essential for these individuals. Even if the
diets contain adequate levels of lysine and
methionine, the liver of a critically ill individ-
ual may have impairment of the carnitine

biosynthetic machinery and thus the patient
may suffer from carnitine deficiency.

The data presented here demonstrate that

individuals receiving certain commercial for-
mula diets have low carnitine intakes. There-

fore, the possible use of carnitine as a supple-
ment to formula diets intended for long-term
care needs to be considered. (3
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