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Abstract: l-Carnitine (β-hydroxy-γ-trimethylaminobutyric acid) plays a crucial role in fat and carbohydrate 
metabolism and is required for the proper functioning of heart and muscle. in 1905, l-carnitine was iso-
lated for the first time from muscle tissue and its structure was established in 1927. l-Carnitine was shown 
to be an essential nutrient for a meal worm (Tenebrio molitor) and was therefore called vitamin Bt.  
in the search for the perfect physique, consumers are discovering the health benefits of l-carnitine. studies show 
that l-carnitine supplements not only help with weight management programs, but also optimize performance 
during exercise, delay the onset of fatigue and improve the recovery process. extensive clinical data indicate that 
supplemental l-carnitine can positively support cardiovascular health, while other studies show beneficial effects 
for pregnant women, elderly people or people who follow a vegetarian or meat-reduced diet and thus miss out on 
natural l-carnitine in the diet. l-Carnipure® is a special grade of l-carnitine, manufactured by the swiss life sciences 
company lonza. thanks to a unique natural fermentation process with an integrated biotransformation step, lonza 
is the only l-carnitine manufacturer capable of supplying pure l-carnitine without any unnatural d-isomer, hence 
the brand name and sign of quality assurance, l-carnipure®.
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By the 1960s the essential role of l-car-
nitine in utilisation of long-chain fatty acids 
for energy was confirmed [3], and the latest 
research has found that l-carnitine can actu-
ally increase fatty acid oxidation in healthy 
adults. Numerous clinical studies have re-
ported upon the beneficial effects of l-car-
nitine supplementation, and the number of 
publications per year on this substance still 
is increasing (Fig. 2).

l-Carnitine functions in the transport of 
activated fatty acids over the mitochondrial 

*Correspondence: U.s. held
lonza ltd
münchensteinerstrasse 3�
Ch-4002 Basel
tel.: +41 61 316 �273
fax: + 41 61 316 9273
e-mail: ulla.held@lonza.com

Introduction

The growth in sectors such as functional 
food clearly shows that the consumer’s 
demand for a healthy diet is increasing. A 
healthy lifestyle and feelgood food are to-
day recognised as priorities in most people’s 
lives. 

The vast majority of the health-ingre-
dients used in functional food are of plant 
origin. But there are some exceptions to 
this, one being l-carnitine (β-hydroxy-
γ-trimethylaminobutyric acid), an active 
component discovered in meat extract in 
1905. After its chemical structure had been 
established in 1927 (Fig. 1) [1], Prof. Strack 
from the University of Leipzig in Germany 
published his first article about l-carnitine 
in 1935 [2] and initiated decades of investi-
gations into the physiological functions of 
this substance. 
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fig. 1. Chemical structure of l-carnitine  
(β-hydroxy-γ-trimethylaminobutyric acid)

fig. 2. Number of publications on l-carnitine listed in Pubmed
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inner membrane in eukaryotes. Its presence 
is indispensable for the β-oxidation of long-
chain fatty acids by mitochondria. Thus it 
has key functions in substrate flux and en-
ergy production [4]. In animals and man, l-
carnitine is synthesized mainly in the liver 
from where it is transported into muscle 
tissue [5]. In addition, it can be taken up 
from food, with products of animal origin 
containing the highest concentration of l-
carnitine, plant products containing only 
trace amounts [6]. l-Carnitine in the body is 
always a mixture from both sources. Since 
the synthesis of l-carnitine in the body re-
quires the essential amino acids lysine and 
methionine as well as the micronutrients 
iron, vitamin C, B6 and niacin, a too low 
intake in one of these nutrients will lead to 
a diminished l-carnitine synthesis and con-
sequently to muscle fatigue [7]. Therefore, 
an incomplete diet, physiological stress 
situations and also some clinical cases can 
create a need for external l-carnitine sup-
plementation in the form of functional food 
or dietary supplements [8].

What is l-Carnipure®? 

l-Carnipure® is an ingredient brand of 
Lonza, indicating a special quality of l-car-
nitine which is produced via a biotechno-
logical production process that imitates the 
endogenous synthesis of l-carnitine in our 
body.

l-Carnipure® has a host of applications, 
ranging from approved pharmaceutical in-
dications and nutritional supplementation 
to animal feed formulations. In contrast, d-
carnitine, as pure substance or in the form 
of racemic d,l-carnitine, has been found 
to be not only physiologically inactive but 
also inhibits the uptake and functions of the 
natural isomer l-carnitine [9–11], which 
can then lead to a functionally relevant de-
pletion of l-carnitine in skeletal and cardiac 
muscle [12]. Serious side effects to animal 
as well as human health have been observed 
with applications of racemic d,l-carnitine 
[13–19]. Results of experimentation with 
racemic d,l-carnitine, and subsequently 
also with the pure isomers d-carnitine and 
l-carnitine have been reviewed by Borum 
and Fisher [8] and also by Meier [20]. The 
US FDA has long maintained that d-carni-
tine and d,l-carnitine are not generally rec-
ognized as safe and are, therefore, illegal 
food additives.

Lonza has been supplying l-Carnipure® 
products to the dietary supplement, phar-
maceutical and infant formula industries 
globally for many years. More recently, an 
increasing number and variety of functional 
food products such as dairy, bakery, confec-
tionary and beverages supplemented with 
l-Carnipure® have entered the market. The 
l-Carnipure® brand name and logo are regis-

tered trademarks and used on product labels, 
to indicate the highest Lonza quality. 

Contribution to the Quality of Life

Extensive clinical research has discov-
ered that l-carnitine has a beneficial role to 
play in a broad array of applications. 

Studies in athletes have shown that l-
Carnipure® supplementation may foster ex-
ercise performance [21]. Both an increase in 
maximal oxygen consumption and a lower-
ing of the respiratory quotient indicate that 
l-carnitine has the potential to stimulate 
lipid metabolism. Supplementation with 
l-carnitine prior to high intensity exercise 
is significantly effective in assisting recov-
ery. Volek et al. [22] observed a decrease in 
the production of free radicals, less tissue 
damage and reduced muscle soreness after 
exercise and a better utilization of fat as an 
energy source during recovery. 

Studies also indicate that l-carnitine 
is useful as part of a weight management 
program when combined with exercise and 
calorie restriction [23–25]. In 2002, re-
searchers from the University of Leipzig, 
Germany, were the first to conclusively 
show that oral l-Carnipure® supplementa-
tion stimulates in vivo long-chain fatty acid 
metabolism in healthy adults without l-car-
nitine deficiency [26]. Prior to, and after ten 
days of l-Carnipure® supplementation, the 
subjects received labelled fatty acids with 
a meal. Labelled CO2 as the breakdown 
product of the labelled fatty acids was then 
measured in the exhalation air. A significant 
increase in exhalation of labelled CO2 was 
observed, indicating a significant increase 
in fatty acid oxidation in healthy adults fol-
lowing l-Carnipure® supplementation. In 
2004, these initial findings were confirmed 
by another research group at the University 
of Rostock, Germany [27]. Set up to verify 
the results of the first study by using a modi-
fied approach in slightly overweight adults, 
oral supplementation with l-Carnipure® 
tartrate was found to significantly increase 
long-chain fatty acid oxidation. The re-
searchers concluded that these studies are 
important to all people who exercise, those 
undergoing a weight management program 
and those who have a high energy demand. 

Further, it is widely accepted that l-
carnitine has significant cardioprotective 
properties. l-Carnitine supplements have a 
favourable effect on blood lipid levels, and 
have demonstrated to be helpful for people 
with angina, arrhythmias and heart failure 
[28–30].

l-Carnitine is considered to be an es-
sential nutrient for infants because, unlike 
adults, infants are unable to synthesize suf-
ficient l-carnitine in their bodies to meet 
their requirements [31]. l-Carnitine is 
present in breast milk and for many years 

now, manufacturers of soy-based infant 
formula have been fortifying their products 
with l-Carnipure®, which would otherwise 
be devoid of this conditionally essential nu-
trient [32].

As the intake of dietary l-carnitine is di-
rectly linked to meat intake, and meat is the 
richest source of this nutrient, vegetarians 
and anybody who reduces his meat intake 
gets very little l-carnitine with the diet. If 
l-carnitine intake is low, however, the body 
has to rely almost entirely on endogenous 
synthesis to meet the needs. A vegetarian 
diet, however, is frequently also low in 
some of the nutrients that are essential for 
l-carnitine biosynthesis in the body [33]. 
Indeed, humans following a lacto-ovo or a 
strict vegetarian diet over years have been 
shown to have decreased plasma l-carnitine 
concentrations and may benefit from sup-
plementary l-Carnipure® [34]. 

With a twofold increase in the world’s 
elderly predicted between 1998 and 2025, 
it is not surprising that the market for anti-
aging foods and supplements will see in-
creased levels of activity and opportunity 
for manufacturers. Various studies in eld-
erly subjects show improved mental status 
and learning ability, improved immune 
function or an increase in muscle mass after 
supplementation with l-carnitine [35–37]. 
Thus, l-carnitine can be regarded as the 
ideal nutrient for a long life, as it comprises 
all the benefits that seniors need to stay fit 
and healthy in both mind and body.

Manufacturing Principles

Although l-carnitine was originally 
discovered in meat extract, the vast ma-
jority of l-carnitine on the market to date 
comes from synthesis rather than from 
extraction from meat. For many years, the 
only available large-scale production proc-
ess of l-carnitine consisted of l-carnitine 
separation from the racemic mixture of 
synthetically produced d,l-carnitine. This 
situation changed when Lonza described 
the synthesis of enantiomerically pure l-
carnitine from an optically inactive precur-
sor molecule based on fermentation, using 
a biotransformation step for stereoselective 
introduction of the optical centre [38].

Lonza researchers were successful in 
removing the enzyme carnitine dehydro-
genase from the organism by mutagenesis. 
The resulting strain of Rhizobia imitates l-
carnitine synthesis in the liver of mammals 
using the same enzyme 4-butyrobetaine 
hydroxylase (Fig. 3). This enzyme adds a 
chiral hydroxyl group to the natural l-car-
nitine precursor 4-butyrobetaine to directly 
and selectively form l-carnitine, which is 
excreted into the medium in stoichiomet-
ric amounts. Only growing cells produce 
l-carnitine, but very slow growth seems to 
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be sufficient. The 4-butyrobetaine is almost 
completely converted into l-carnitine [39]. 
The natural and biological l-Carnipure® 
process does neither involve genetically 
modified organisms nor any products of 
animal origin. 

Lonza produces all of its l-Carnipure® 
products in fermenters of 15–75 m3 size in 
compliance with current Good Manufactur-
ing Practices (cGMP) guidelines for Bulk 
Active Ingredients using state-of-the-art, 
ISO 9002 certified production facilities. 
Lonza’s plants have been inspected and 
approved for the production of pharma-
ceuticals by the United States Food and 
Drug Administration (FDA) and national 
authorities. Lonza’s l-Carnipure® crystal-
line meets the requirements of the United 
States Pharmacopoeia (USP) and the Food 
Chemical Codex (FCC). Both l-Carnipure® 
crystalline and l-Carnipure® tartrate are 
HACCP certified and manufactured ac-
cording to OU-kosher principles. Because 
l-Carnipure® does not contain any d-car-
nitine, it is Generally Recognized As Safe 
(GRAS) in the USA.

Summary

The growing interest in l-Carnipure® 
can be attributed to a number of factors in-
cluding its basic function in helping con-
vert fat into energy, its efficacy, its excellent 
safety profile and, of course, its suitability 
for processing.

Received: December 3, 2006

[1]  M. Tomita, Y. Sendju, Hoppe-Seyeler’s Z. 
Physiol. Chem. 1927, 169, 263.

[2]  E. Strack, P. Woerdehoff, E. Neubau-
er, H.Z. Geissendoerfer, Physiol. Chem. 
1935, 233, 189.

[3]  W. Rotzsch, in ‘Carnitine – Pathobioche-
mical Basics and Clinical Applications’, 
Ed. H. Seim, H. Löster, Ponte Press, Bo-
chum 1996.

[4]  H.R. Scholte, P.C. De Jonge, in ‘Carni-
tin in der Medizin’, Ed. R. Gitzelmann, 
K. Baerlocher, B. Steinmann, Schattauer, 
Stuttgart, 1987, p. 22.

[5]  H. Boehles, Ann. Nutr. Metab. 2000, 44, 
77.

[6]  J. Demarquoy, B. Georges, C. Rigault, 
M.C. Royer, A. Clairet, M. Soty, S. Le-
kounoungou, F. Le Borgne, Food Chem. 
2004, 86, 137.

[7]  F.M. Vaz, J.A. Wanders, Biochem. J. 2002, 
361, 417.

[8]  P.R. Borum, K.D. Fisher, FDA report No 
223-79-2275, 1983.

[9]  P. Mølstad, T. Boehmer, K. Eiklid, Bio-
chim. Biophys. Acta 1977, 471, 296.

[10]  B. Stieger, B. O’Neill, S. Kraehenbuehl, 
Biochem. J. 1995, 309, 643.

[11]  D.B. Shennan, A. Grant, R. Ramsay, C. 
Burns, V. Zammit, Biochim. Biophys. Acta 
1998, 1393, 49.

[12]  C.E. Negrao, L.L. Ji, J.E. Schauer, F.J. 
Nagle, H.A. Lardy, J. Appl. Physiol. 1987, 
63, 315.

[13]  M.L. Dubelaar, C.M. Lucas, W.C. Huels-
mann, Am. J. Physiol. 1991, 260, E189.

[14]  C. Iben, S. Meinhart, Wien Tierärztl. Mo-
natsschrift 1997, 84, 228. 

[15]  D.J. Paulson A.L. Shug, Life Sci. 1981, 28, 
2931. 

[16]  D. De Grandis, C. Mezzina, A. Fiaschi, 
P. Pinelli, G. Bazzato, M. Morachiello, J. 
Neurol. Sci. 1980, 46, 365.

[17]  M.F. McCarty, Med. Hypoth. 1982, 9, 
661.

[18]  S. Watanabe, R. Ajisaka, T. Masuoka, T. 
Yamanouchi, T. Saitou, M. Toyama, N. 
Takeyasu, K. Sakamoto, Y. Sugishita, Jap. 
Heart J. 1995, 36, 319.

[19]  H. Seim, J. Schulze, E. Strack, Biol. Chem. 
Hoppe-Seyler 1985, 366, 1017.

[20]  P.J. Meier in ‘Carnitin in der Medizin’, Ed. 
R. Gitzelmann, K. Baerlocher, B. Stein-
mann, Schattauer, Stuttgart, 1987, p. 101.

[21]  H. Karlic, A. Lohninger, Nutrition 2004, 
20, 709.

[22]  J.S. Volek, W.J. Kraemer, M.R. Rubin, 
A.L. Gomez, N.A. Ratamess, P. Gaynor, 
Am. J. Physiol. Endocrin. Metabol. 2002, 
282, E474.

[23]  K. Owen, H. Ji, C.V. Maxwell, J.L. Nels-
sen, R.D. Goodband, M.D. Tokach, G.C. 
Tremblay, S.I. Koo, S.A. Blum, Swine Day 
1996, 103.

[24]  Z. Sufeng, H. Zhichian, L. Jianping, S. 
Hui, Acta Nutr. Sin. 1997, 19, 146.

[25]  R. Lurz, R. Fischer, Aerztezeitschr. F. Na-
turheilverf. 1998, 39, 12.

[26]  D.M. Müller, H. Seim, W. Kiess, H. Lo-
ester, T. Richter, Metabolism 2002, 51, 
1389.

[27]  K.D. Wutzke, H. Lorenz, Metabolism 
2004, 53, 1002.

[28]  R.B. Singh, M.A. Niaz, P. Agarwal, R. 
Beegum, S.S. Rastogi, D.S. Sachan, Post-
grad. Med. J. 1996, 72, 843.

[29]  P. Davini, A. Bigalli, F. Lamanna, A. Bo-
em, Drugs Exp. Clin. Res. 1992, 18, 355.

[30]  L. Cacciatore, R. Cerio, M. Ciarimboli, 
M. Cocozza, V. Coto, A. D’Alessandro, L. 
D’Alessandro, G. Grattarola, L. Imparato, 
M. Lingetti, Drugs Exp. Clin. Res. 1991, 
17, 225.

[31]  C.J. Rebouche, A.G. Engel, Biochim. Bio-
phys. Acta 1981, 630, 222.

[32]  P.R. Borum, Can. J. Physiol. Pharmacol. 
1985, 63, 571.

[33]  C.L. Hoppel, A.T. Davis, Biochem. Soc. 
Trans. 1986, 14, 673.

[34]  K.A. Lombard, A.L. Olson, S.E. Nelson, 
C.J. Rebouche, Am. J. Clin. Nutr. 1989, 50, 
301.

[35]  A. Lohninger, M. Huemer, E. Rappold, H. 
Karlic, Ann. Nutr. Metab. 2003, 47, 569.

[36]  H. Karlic, S. Lohninger, T. Koeck, A. Loh-
ninger, J. Histochem. Cytochem. 2002, 50, 
205.

[37]  G. Pistone, A.D. Marino, C. Leotta, S. 
Dell’Arte, G. Finocchiaro, M. Malaguar-
nera, Drugs Aging 2003, 20, 761.

[38]  H. Kulla, Chimia 1991, 45, 81.
[39]  F.W. Hoeks, J. Muehle, L. Boehlen,  

I. Psenicka, Chem. Engin. J. 1996, 61, 53.

fig. 3. Photograph of the l-carnitine production strain, a bacterium 
isolated from soil samples. the production strain is a natural soil isolate 
and not genetically modified. it is taxonomically related to Agrobacterium 
and Rhizobium. the strain was assumed to belong to a new, as yet 
unidentified genus. the bacterium is a non-sporulating, Gram negative 
and motile microorganism, which metabolises substrates aerobically 
(chemoorganotrophs).


