
 

 

November 10, 2011 
 
Lisa Brines, Ph.D. 
National List Manager 
USDA/AMS/NOP, Standards Division 
1400 Independence Ave. SW 
Room 2646-So., Ag Stop 0268 
Washington, DC 20250-0268 
 

RE: Petition for inclusion of L-carnitine on the National List at §205.605(b) as a non-agricultural (non-
organic) substance allowed as an ingredient in or on processed products labeled as “organic” or “made 
with organic (specified ingredients)” 

 
Dear Dr. Brines, 
 
The International Formula Council (IFC) is an association of manufacturers and marketers of formulated 
nutrition products (e.g., infant formulas and adult nutritionals) whose members are based predominantly in 
North America.  IFC members support the American Academy of Pediatrics’ (AAP) position that breastfeeding 
is the preferred method of feeding infants.  We also agree with the AAP that, for infants who do not receive 
breast milk, iron-fortified infant formula is the only safe and recommended alternative.  IFC members are 
committed to providing infant formulas of the highest quality for those mothers who cannot or choose not to 
breastfeed, discontinue breastfeeding prior to one year or choose to supplement.  
 
This petition seeks to add L-carnitine to the National List to permit its addition as a nonagricultural ingredient in 
infant formula.  L-carnitine is currently used to fortify conventional infant formulas and infant formulas labeled 
as “organic” to the level of L-carnitine found in human milk, in accordance with the recommendations of 
independent professional associations, the European Directive for infant formula and follow on formula 
(Commission Directive 2006/141/EC), the Codex Standard for Infant Formula and Formulas for Special Medical 
Purposes Intended for Infants (CODEX STAN 72-1981), and the 1998 recommendation of the Life Sciences 
Research Office (LSRO), American Societies for Nutritional Sciences, operating under a contract with the U.S. 
Food and Drug Administration (FDA).  
 
The specific function of L-carnitine is as a “nutrient supplement” according to FDA 21 CFR 170.3(o)(20).  L-
carnitine has been added to soy-based infant formula products since 1986 and to cow’s milk-based products 
since the mid-1990’s.  Infant formulas containing insufficient carnitine produced the symptoms of carnitine 
deficiency: failure to thrive; nonketotic hypoglycemia (low blood sugar); hypertonia (diminution of muscle tone); 
and cardiomyopathy.  
 
Our petition and its appendices provide answers to all of the questions in the Guidelines on Procedures for 
Submitting National List Petitions, and in a manner that satisfies the criteria in the OFPA.  We are available to 
provide any additional information that is required to complete your review process and recommendation. 
 

Sincerely, 

 
Mardi K. Mountford, MPH 
Executive Vice President 
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INTRODUCTION 

In October 1995, the National Organic Standards Board (NOSB) received a recommendation 
from its Processing, Handling and Labeling Committee (“the Committee”) regarding the 
inclusion of synthetic vitamins, minerals, and accessory nutrients in organic foods. 

The Committee had debated the issue of the inclusion of synthetic vitamins, minerals, and/or 
accessory nutrients in organic foods. Although it is generally considered that foods themselves 
are the best source of nutrients, in some cases, State regulations mandate the inclusion of 
vitamins and/or minerals to fortify foods.  

The Committee also believed that recommendation by independent professional associations 
may also be taken into consideration. An example of this is infant cereals in which fortification 
of iron is highly recommended by the American Dietetic Association and various associations 
dealing with pediatric care and nutrition as a baby‟s stored iron supply from before birth runs out 
after the birth weight doubles.  

The NOSB approved a Final Board Recommendation (“FBR”) in October 1995. The Final Board 
Recommendation reads as follows: 

 “Upon implementation of the National Organic Program, the use of synthetic vitamins, 
minerals, and/or accessory nutrients in products labeled as organic must be limited to that which 
is required by regulation or recommended for enrichment and fortification by independent 
professional associations.” 

The FBR includes a definition of the term “accessory nutrients,” to mean nutrients not 
specifically classified as a vitamin or mineral but found to promote optimal health. Examples 
specifically cited in the FBR are omega-3 fatty acids, inositol, choline, carnitine, and taurine.  

In creating the current regulation for organic foods, Code of Federal Regulations, Title 7, Part 
205, the USDA implemented the FBR with respect to permitting the addition of nutrient vitamins 
and minerals at §205.605(b), albeit with an annotation (“in accordance with 21CFR 104.20”) 
different than that approved by the NOSB. However, the current regulation is silent with respect 
to accessory nutrients.  

On November 3, 2006, the USDA National Organic Program notified Accredited Certifiers that 
they could allow additional nutrients to be utilized in products certified as “organic” in 
accordance with 21 CFR 104.20(f). 

On April 26, 2011, the Deputy Administrator of the National Organic Program announced that 
the National Organic Program planned to publish draft guidance that will clarify that the Food 
and Drug Administration‟s interpretation of 21 CFR 104.20 means that only nutrient vitamins 
and minerals listed in 21 CFR 104.20(d)(3) and those identified as essential nutrients in 21 CFR 
101.9 are allowed under the National Organic Program standard at §205.605(b). 
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Infant formulas serve as the sole item of the diet of infants who are not fed human milk for the 
first four to six months of life. Several vitamins and accessory nutrients are included in infant 
formula either because their inclusion has been shown to enable infants fed these formulas to 
grow and develop similar to infants fed human milk or because their inclusion provides the 
infant with the same quantity of a vitamin or accessory nutrient as human milk provides and the 
accessory nutrient is essential for one or more other species of mammal, which is indirect 
evidence of its biological essentiality.  

Each of the “accessory nutrients” cited in the FBR are currently added to infant formula. Two of 
these “accessory nutrients” – choline and inositol - are actually vitamins according to the infant 
formula regulations for infant formula established by the Food and Drug Administration in the 
Code of Federal Regulations, Title 21, at §107.10 and §107.100. 

Two other nutrients cited in the FBR, carnitine and taurine, are less well-known amino acids that 
are essential to animal metabolism.  

This petition specifically requests addition of the amino acid L-carnitine to the National List for 
use in infant formulas labeled as “organic.”  

 
 
 

ITEM A 

This petition seeks inclusion of L-CARNITINE on the National List at §205.605 as a Non-
agricultural (non-organic) substances allowed as an ingredient in or on processed products 
labeled as “organic” or “made with organic (specified ingredients or food group(s)).” 

 
 
 

ITEM B 
1.  The substance’s chemical or common names. 
The chemical name of carnitine, actually (-)-L-Carnitine, is (3-carboxy-2-
hydroxypropyl)trimethyl-ammonium hydroxide, inner salt, L-. It is critical that the carnitine used 
in human nutrition be in the natural “L-“ configuration common to nutritionally essential amino 
acids. The unnatural “D-“ configuration is a competitive inhibitor of the natural form and must 
be avoided. 

Alternate names are: 
1-Propanaminium, 3-carboxy-2-hydroxy-N,N,N-trimethyl-, hydroxide, inner salt, (R)- (9CI) 
3-Carboxy-2-hydroxy-N,N,N-trimethyl-1-propanaminium hydroxide, inner salt 
Ammonium, (3-carboxy-2-hydroxypropyl)trimethyl-, hydroxide, inner salt, L- 
gamma-trimethyl-ammonium-beta-hydroxybutyrate 
gamma-trimethyl-beta-hydroxybutyrobetaine 
levocarnitine 



Petition to Include L-Carnitine at 7 CFR 205.605 

3 

For over 50 years, L-carnitine has been referred to as “Vitamin BT”, in recognition that water-
soluble L-carnitine was an essential nutrient for the confused flour beetle, Tribolium confusum. 
Infants fed a carnitine-free diet show biochemical changes. There are several anecdotal reports of 
abnormal clinical manifestations associated with diets low in carnitine. 

The name “carnitine” originates in the prefix “carni-“, Latin for “meat” (i.e., a “carnivore” is a 
meat eater). Carnitine was first isolated from a meat extract. 

 
 
2a.  The petitioner’s name, address and telephone number and other contact information. 

International Formula Council 
1100 Johnson Ferry Road NE, Suite 300 
Atlanta, GA  30342 
Contact:  Mardi Mountford, Executive Vice President 
Phone:  (678) 303-3027  
Email:  mmountford@kellencompany.com  
 
 
2b.  Sources of the petitioned substances 

Food grade L-carnitine is a standard article of commerce available from many sources. 

Recognized producers are Lonza Ltd., Basel, Switzerland and Sigma-Tau Industrie 
Farmaceutiche Riunite S.p.A., Rome, Italy.  

Lonza Ltd. Sigma-Tau is Sigma-Tau Pharmaceuticals, Inc. 
Muenchensteinerstrasse 38, CH-4002  U.S. Office 
Basel, Switzerland 9841 Washingtonian Blvd., Suite 500  
Tel +41 61 316 81 11 Gaithersburg, MD 20878 
Fax +41 61 316 91 11 Tel 1-800-447-0169 or 1-301-948-1041 
 Fax 1-301-948-1862 
 Email: sigmatauinfo@sigmatau.com 

 
 
3.  Current Use.  

L-Carnitine is currently used to fortify conventional infant formulas and infant formulas labeled 
as “organic” with the nutrient carnitine to the level of L-carnitine found in human milk, in 
accordance with the recommendations of independent professional associations, the European 
Directive for infant formula, the Codex Alimentarius Commission International Infant Formula 
Standard CODEX STAN 72-1981, and the 1998 recommendation of the Life Sciences Research 
Office (LSRO), American Societies for Nutritional Sciences, operating under an FDA contract.  

The specific function of L-carnitine is as a “nutrient supplement” [21 CFR 170.3(o)(20)].  

 

mailto:mmountford@kellencompany.com
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4.  Handling activities for which the substance is used.  

L-carnitine has been added to soy-based infant formula products since 1986 and to milk-based 
products since the mid-1990‟s to provide a level of carnitine similar to that of human milk. Infant 
formulas containing insufficient carnitine produced the symptoms of carnitine deficiency: failure 
to thrive, nonketotic hypoglycemia (low blood sugar), hypertonia (diminution of muscle tone), 
and cardiomyopathy.  

L-Carnitine is an integral component of the transport of long-chain fatty acids into the matrix of 
the mitochondria for oxidation. Carnitine plays an important role in the oxidation of medium-
chain fatty acids in skeletal and cardiac muscle and in the transport of potentially toxic acylated 
metabolites outside the cell. 

 
 
5.  Source of the substances and a detailed description of the manufacturing process. 

In mammals, L-carnitine is synthesized ultimately from the two essential amino acids L-lysine 
and L-methionine. Lysine provides the carbon backbone and methionine provides the three 4-N-
methyl groups. Some proteins contain the carnitine precursor N6-trimethyllysine (TML). The 
chemical structures of the metabolic precursors of L-carnitine are shown in Figure 1 on the next 
page. 

 In the body, it takes four enzymatic reactions to yield L-carnitine: 

1. N
6-Trimethyllysine (TML)  3-hydroxy- N6-trimethyllysine (HTML) 

2. HTML 4-N-trimethylaminobutyraldehyde (TMABA) 
3. TMABA  4-N-trimethylaminobutyrate (gamma-butyrobetaine) 
4. Gamma-butyrobetaine  L-carnitine 
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Figure 1. The Mammalian Carnitine Biosynthetic Pathway 

 

Carnitine Manufacturing Processes 

L-Carnitine is produced commercially either by total chemical synthesis or by partial chemical 
synthesis with a final fermentation step. It is critical that the carnitine used in human nutrition be 
in the natural “L-“ configuration common to nutritionally essential amino acids. The unnatural 
“D-“ configuration is a competitive inhibitor of the natural form and must be avoided.  

Fermentation of the penultimate chemical intermediate by an appropriate microorganism is an 
efficient and effective means of producing an L-carnitine free of the D-isomer. U.S. patents 
describing suitable microorganisms are included in Appendix A. The material that is fermented 
can be either gamma-butyrobetaine (the same precursor used in our body‟s metabolism) or 
crotonobetaine. Both of these materials are chemically synthesized. Crotonobetaine can be 
produced from the D-form of carnitine (Canadian Patent No. CA 2,023,744; Appendix A).  A 
U.S. patent describing the chemical synthesis of butyrobetaine is included in Appendix A.  
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In a total chemical synthesis of L-carnitine, either the appropriate starting materials need to be 
chosen to ensure that the natural form is produced or the unnatural D-form must be totally 
removed at the end of the process.  

A variety of processes involving total synthesis of L-carnitine have been patented (see Appendix 
A).  For example, L-carnitine can be synthesized from optically pure (S)-beta-hydroxy-gamma-
butyrolactone in a two-step process. (S)-3-Hydroxybutyrolactone is first converted to an ester 
and the ester is subsequently transformed to L-carnitine by treatment with trimethylamine in 
water. Optically pure (S)-beta-hydroxy-gamma-butyrolactone is produced by passing L-malic 
acid dissolved in methanol over a noble metal catalyst.  

 
 
6.  Summary of any available previous reviews of the petitioned substance. 

a.  Life Sciences Research Office (LSRO), American Societies for Nutritional Sciences (working 
under contract for the FDA) recommended the addition to any infant formula.1 Page 2066S. 

Carnitine 

Minimum: The Expert Panel recommended a minimum carnitine content of infant 
formulas of 1.2 mg/100 kcal, a level similar to that found in human milk. Although 
the evidence that dietary carnitine is essential for the term infant is not convincing, 
biochemical changes are noted when infants are fed a carnitine-free diet and there are 
several anecdotal reports of abnormal clinical manifestations associated with diets low in 
carnitine. Infants nourished with soy protein-based formula with low carnitine content 
had lower plasma and urine carnitine levels and evidence of altered lipid metabolism, but 
no significant differences in rates of growth compared with supplemented infants. The 
functional significance of these metabolic differences in normal term infants is not 
known.  

Maximum: The Expert Panel recommended a maximum carnitine content of infant 
formulas of 2.0 mg/100 kcal, a value similar to the upper limit reported for human 
milk. The Expert Panel was unaware of any studies in which a NOAEL or LOAEL had 
been identified for carnitine exposure in infants. Consequently, in the absence of data the 
Expert Panel concluded that the maximum should be set at a level comparable to the 
upper ranges of carnitine concentrations reported for human milk. 

 

 b. Scientific Committee on Food. Report of the Scientific Committee on Food on the Revision 
of Essential Requirements of Infant Formulae and Follow-on Formulae. Brussels, European 
Commission 2003. SCF/CS/NUT/IF/65 Final 2003.  

 

 

                                                 
1 LSRO. Assessment of Nutrient Requirements for Infant Formulas. J Nutr 1998;128(Supp):2059S–2298S. 
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Page 35: 

Taurine must be added to infant formula based on protein hydrolysates in amounts to 
achieve at least 5.25 mg/100 kcal (42 μmol/100 kcal) and L-carnitine must be added to 
infant formulae based on protein hydrolysates and soy protein isolates to achieve a 
content of at least 1.2 mg/100 kcal (7.5 μmol/100 kcal). 

Page 45: 

Hydrolysed protein is permitted in the manufacturing of infant formula intended for 
healthy non-breast-fed infants at risk for atopic diseases. The method and extent of 
hydrolysis and processing must be documented but are not regulated. The minimum 
protein level is 2.25 g/100 kcal. The protein content is calculated with a conversion factor 
of 6.25 and both taurine (42 μmoles/100 kcal) and L-carnitine must be added (7.5 
μmoles/100 kcal). 

Pages 60 (corrected 17 September 2007): 

4.7.2 Carnitine 
The addition of L-carnitine to infant formula based on soy protein isolate and hydrolyzed 
protein to give a content of at least 7.5 µmoles/100 kcal (1.2 mg/100 kcal) is required in 
the EU and the Committee does not propose a change. This value is similar or somewhat 
higher than in human milk (0.9 to 1.2 mg/100 kcal) because of a presumed reduced 
bioavailability from formula (Warshaw and Curry,1980). Cow‟s milk is rich in carnitine 
(around 5 mg/100 kcal) compared to human milk, therefore carnitine addition to cows‟ 
milk-based formula is not necessary. Carnitine is synthesized in the human body at a rate 
of approximately 0.3 mg/kg/day from lysine and using methionine as methyl donor 
(Rebouche and Seim, 1998). It is considered an indispensable nutrient for newborn 
infants (Rebouche, 1992) because of a temporarily compromised synthesizing capacity. 
Its function is the transport across membranes of carboxylic acids that have been 
activated to the co-enzyme A level, thereby delivering substrates for oxidation and 
removing toxic compounds. 

Infants receiving unsupplemented soy formula for 112 days showed lower serum levels 
of carnitine, higher levels of free fatty acids and an increased excretion of medium-chain 
dicarboxylic acids (Olson et al., 1989). The minimal dietary carnitine requirement of a 
newborn infant has been estimated to be 1.7 mg/kg/day due to a practically absent 
endogenous synthesis (Scholte and de Jonge, 1987). 

“The Committee considers the addition of carnitine to follow-on formula is not 
necessary. Supply from appropriate complementary food and from endogenous synthesis 
should be sufficient in older infants. Only the liver butyrobetaine hydroxylase, the last 
enzyme in carnitine biosynthesis, shows age-dependent low activity in young infants. The 
activity of the kidney enzyme and the other three biosynthetic enzymes in the liver and 
other tissues are not age-dependent (Vaz and Wanders, 2002). 
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c. Global Standard for the Composition of Infant Formula: Recommendations of an ESPGHAN 
Coordinated International Expert Group. ESPGHAN Committee on Nutrition. Journal of 
Pediatric Gastroenterology and Nutrition, 41:584–599 November 2005. Page 596. 

L-carnitine 

The recommendations of previous expert reviews (2,3) for a minimum L-carnitine 
content of 1.2 mg/100 kcal are supported. In contrast to the SCF, LSRO suggested a 
maximum level of 2 mg/100 kcal based on the upper end of the usual range found in 
human milk (2). In the absence of indications of any untoward effects of higher L-
carnitine intakes in infants, the IEG concluded that no maximum level is needed to be set. 

 

d. The European Commission Directive 2006/141/EC of 22 December 2006 on infant formulae 
and follow-on formulae and amending Directive 1999/21/EC, which is the current European 
regulation for infant formula composition, requires that the L-carnitine content shall be at least 
equal to 0.3 mg/100 kJ (1.2 mg/100 kcal) for infant formulas manufactured from protein 
hydrolysates and soy protein isolates. EC Directive 2006/1/EC of 22 December 2006 positively 
lists L-carnitine and its hydrochloride and L-carnitine-L-tartrate as permitted amino acid 
substances appropriate for use in infant formula.  

 

e. The Pediatric Nutrition Handbook, 6th Edition, published by the Committee on Nutrition, 
American Academy of Pediatrics, in 2009, at page 327, states: 

Taurine and carnitine are amino acids that serve important and specific functions in the 
cell but are not incorporated into proteins. They can be synthesized by the body from 
cysteine and lysine, respectively, and are present in a mixed diet containing proteins of 
animal origin. The rates of synthesis in infants fed by total parenteral nutrition or 
receiving synthetic formula devoid of taurine and carnitine may be insufficient to meet 
all of their needs and necessitate dietary supplementation. 

 
 
7.  Information regarding the regulatory status of carnitine. 

Carnitine has been added to soy isolate infant formulas since 1986, following reports of clinical 
manifestations of carnitine deficiency in infants fed soy-based formulas.2 Since the mid-1990‟s, 
prior to the recommendation of the LSRO, commercial infant formulas in the United States have 
been supplemented with carnitine to compensate for the low amounts provided by bovine milk. 

The Infant Formula Act passed into law in 1980 and amended in 1986 requires that 
manufacturers must provide FDA with assurances that the requirements specific to infant 
formula have been met for each "new" infant formula product prior to marketing. A "new infant 

                                                 
2 MacLean WC Jr, Benson JD. Theory into practice: the incorporation of new knowledge into infant formula. Semin 
Perinatol. 1989 Apr;13(2):104-11. 
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formula" includes an infant formula manufactured by a person that has previously manufactured 
infant formula and in which there is a major change in processing or formulation from a current 
or any previous formulation produced by such manufacturer. [21 U.S.C. 350a(c)(2).] A "major 
change" is defined in an infant formula as „any new formulation, or any change in ingredients or 
processes where experience or theory would predict a possible significant adverse impact on 
levels of nutrients or availability of nutrients‟. [21 C.F.R. 106.30 (c)(2)] Examples of "new" 
infant formulas include „any infant formula manufactured containing a new constituent not listed 
as a required nutrient under the act (in 21 CFR 107.100), such as taurine or L-carnitine‟.3 The 
FDA permitted L-carnitine supplementation of U.S. infant formulas in 1986. 

The FAO/WHO Codex Alimentarius Commission adopted an international standard for infant 
formula in 1976 and adopted amendments in 1983, 1985, and 1987. It further revised the 
standard in 2007. CODEX STAN 72-1981 requires a minimum level of 1.2 mg/100 kcal of L-
carnitine in all infant formulas but does not set a maximum level. 

Carnitine is listed in the U.S. Pharmacopeia. A copy of the USP Reference Standard for carnitine 
is included at Appendix B. 

 
 
8a.  The Chemical Abstract Service (CAS) Number of L-Carnitine is 541-15-1. 

 
 
8b.  Labels of products that contain L-Carnitine.  

See Appendix C (Labels). 

 
 
9.  The substance’s physical properties and chemical mode of action. 

(a) Physical Properties and Chemical Interactions  

L-Carnitine forms white crystals or a white crystalline hygroscopic powder. It has a slight 
characteristic odor. L-Carnitine is extremely hygroscopic and even deliquescent and it can 
liquefy on exposure to air. L-Carnitine is highly soluble in water, in alcohol, in alkaline 
solutions, and in dilute mineral acids. It is practically insoluble in acetone or ethyl acetate. 

(b) Toxicity and Environmental Persistence 

Carnitine is irritating to the eyes, respiratory system and skin. Personnel should use personal 
protective equipment. Skin, eye, and respiratory protection should be used with any powdery 
ingredient. Carnitine is a biodegradable nutrient. 

 
                                                 
3 http://www.fda.gov/ohrms/dockets/ac/02/briefing/3852b1_01.htm. Accessed May 21, 2011. 
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(c) Environmental Impacts from its Use or Manufacture 

There are no negative environmental impacts known for L-carnitine. Production is in closed 
systems that maintain records of material input and output, as well as reuse of residual material 
in the production system.  All non-usable waste material is handled according to a documented 
environmental management system.    

The Lonza production sites for L-carnitine are certified ISO 14001:2004 by SQS.  ISO 
14001:2004 specifies the requirements for an environmental management system. To fulfill these 
requirements, objective evidence must be provided and audited to demonstrate that the 
environmental management system is operating effectively in conformity to the standard. In 
addition to verification that the production facility meets internal objectives, ISO 14001:2004 
verifies compliance with environmental regulations.  

The Policy on Safety, Health and Environment and an Environmental Statement from the L-
carnitine supplier Lonza is included in Appendix D.  

(d) Effects on Human Health 

L-Carnitine is important in the transport of long-chain fatty acids into the cell organelles that 
convert fat into energy and in the oxidation of medium-chain fatty acids in skeletal and cardiac 
muscle. Thus it is vital to the energy efficiency of the body. 

L-Carnitine is used as a dietary supplement by many individuals for many different reasons. L-
Carnitine is used for conditions of the heart and blood vessels including heart-related chest pain, 
congestive heart failure (CHF), heart complications of a disease called diphtheria, heart attack, 
leg pain caused by circulation problems (intermittent claudication), and high cholesterol. Some 
people use L-carnitine for muscle disorders associated with certain AIDS medications, difficulty 
fathering a child (male infertility), a brain development disorder called Rett syndrome, anorexia, 
chronic fatigue syndrome, diabetes, overactive thyroid, attention deficit-hyperactivity disorder 
(ADHD), leg ulcers, Lyme disease, and to improve athletic performance and endurance.4 

(e) Effects on Livestock 

L-Carnitine has a positive effect on pregnancy in swine. Dietary supplementation with L-
carnitine during pregnancy and lactation improves the reproductive performance of sows.5 6 
Supplementation of sows' diets with L-carnitine increases body weights of their piglets at birth. 
Piglets from sows treated with L-carnitine did not differ in body weight gains, feed intake and 

                                                 
4 http://www.webmd.com/vitamins-supplements/ingredientmono-1026-L-
CARNITINE.aspx?activeIngredientId=1026&activeIngredientName=L-CARNITINE . Accessed May 22, 2011. 
5 Eder et al. Effect of L-carnitine supplementation on performance parameters in gilts and sows. J Anim Physiol 
Anim Nutr (Berl). 2001, Apr; 85(3-4):73-80. 
6 Musser et al., Effects of L-carnitine fed during gestation and lactation on sow and litter performance. J Anim Sci. 
1999, Dec; 77(12):3289-95. 
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gain:feed ratio from those of control sows, but L-carnitine supplementation of their diets 
improves the growth performance in light piglets of primiparous sows.7  

 
 
10a.  Safety information about the substance including a Material Safety Data Sheet 
(MSDS). 

A Material Safety Data Sheet for L-carnitine is attached in Appendix E. 

 

10b.  National Institute of Environmental Health Studies Substance Report.  

A specific NIEHS report on L-carnitine does not exist, to our knowledge.  

 
 
11.  Research information about carnitine. 

The full discussion of carnitine from the LSRO report of 1998, which discusses the pros and 
cons of carnitine addition to infant formula, is shown in Appendix F. This summary refers to 
several studies that have established that infants fed infant formulas devoid of carnitine show 
biochemical changes indicative of carnitine deficiency. 

 
 
12.  Petition Justification Statement. 

The Scientific Committee on Food, in its Report of the Scientific Committee on Food on the 
Revision of Essential Requirements of Infant Formulae and Follow-on Formulae. Brussels, 
European Commission 2003. SCF/CS/NUT/IF/65 Final 2003, stated that “Cow‟s milk is rich in 
carnitine (around 5 mg/100 kcal) compared to human milk, therefore carnitine addition to cows‟ 
milk-based formula is not necessary.” Although the level of carnitine in cow‟s milk is 
approximately twice that of human milk, cows‟ milk must be diluted by 50% or more to make its 
protein level appropriate for the infant. Cows‟ milk contains a high protein content: 20% of total 
energy, compared to about 7% of energy as protein in human milk. Consequently, the carnitine 
content of milk-based infant formula is approximately equal to that in human milk. However, as 
the Scientific Committee on Food pointed out, the carnitine in infant formulas has “presumed 
reduced bioavailability,” based on the work of Warshaw and Curry, 19808. Warshaw and Curry 
(1980) studied two groups of full-term newborn infants, 11 in each group, who were either 

                                                 
7 Birkenfeld et al., Effect of dietary L-carnitine supplementation on growth performance of piglets from control 
sows or sows treated with L-carnitine during pregnancy and lactation. J Anim Physiol Anim Nutr (Berl). 2005, Aug; 
89(7-8):277-83. 
8 Warshaw, J. B. and E. Curry (1980). "Comparison of serum carnitine and ketone body concentrations in breast- 
and in formula-fed newborn infants." J Pediatr 97(1): 122-125. See Appendix F. 
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breast-fed or fed unsupplemented milk-based infant formula over the first 42 hours after birth. 
The carnitine content of breast milk one to five days postpartum ranged from 70 to 95 
nmoles/mL, with higher levels of up to 115 nmoles/mL in colostrum. The carnitine content of the 
commercial unsupplemented milk-based formula was between 40 and 80 nmoles/mL. Serum 
carnitine concentrations rose in the breast-fed infants but not in the formula-fed infants. At 42 
hours, the concentration in the breast-fed infants was 60±8 nmoles/mL, compared to a 
statistically significantly lower concentration of 38±4 nmoles/mL in the formula-fed infants. The 
functional effect of the superior carnitine status of breast-fed infants compared to milk-based 
formula-fed infants was enhanced ketone body production by the breast-fed infants. Carnitine 
plays a central role in tissue oxidation of fatty acids. A copy of the Warshaw and Curry paper is 
attached as Appendix G. 

Supplementing milk-based infant formula with L-carnitine increases the blood carnitine levels of 
infants.9 

The FDA allowed carnitine supplementation of infant formulas in the United States in 1986 
because of clinical reports of carnitine deficiency in infants fed carnitine-poor infant formulas. 
The goal of supplementation was to ensure that infants fed infant formula receive as much 
carnitine as infants who are breast-fed.  

The evidence supporting the essentiality of carnitine in the diets of newborn infants includes 
clinical manifestations of deficiency in infants fed carnitine-poor diets. These manifestations 
include failure to thrive, nonketotic hypoglycemia, hypotonia, and cardiomyopathy. The LSRO 
report of 1998 (Appendix F) describes the adverse effects of low carnitine infant formula on fat 
metabolism in full-term infants. The conclusion of the Expert Panel was a recommendation that 
infant formula should contain not less than 1.2 mg/100 kcal, an amount comparable to the levels 
found in human milk (1.1 to 1.9 mg/100 kcal). The maximum recommended was 2.0 mg/100 
kcal, a value similar to the upper ranges of carnitine concentrations reported for human milk. 

The latest (6th) edition of the Pediatric Nutrition Handbook, published by the American Academy 
of Pediatrics, has the following statement. Page 327: 

Taurine and carnitine are amino acids that serve important and specific functions in the 
cell but are not incorporated into proteins. They can be synthesized by the body from 
cysteine and lysine, respectively, and are present in a mixed diet containing proteins of 
animal origin. The rates of synthesis in infants fed by total parenteral nutrition or 
receiving synthetic formulas devoid of taurine and carnitine may be insufficient to meet 
all of their needs and necessitate dietary supplementation. 

Carnitine can be found in normal foods in the human diet. The highest concentrations of 
carnitine are found in red meat (especially beef) and dairy products. As noted earlier, the 

                                                 
9 Campoy, C., R. Bayes, et al. (1998). "Evaluation of carnitine nutritional status in full-term newborn infants." Early 
Hum Dev 53 Suppl: S149-164. 
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bioavailability of carnitine in bovine milk is too low for milk-based infant formulas to provide 
the infant with enough carnitine unless L-carnitine is added to the formula. According to the 
Reference Handbook for Nutrition and Health Counselors in the WIC and CSF Programs 
produced by the Food and Nutrition Service of USDA10, “protein-rich foods are generally 
introduced to infants between 6 and 8 months old. Protein-rich foods include meat, poultry, eggs, 
cheese, yogurt, and legumes. . . . Introduction of protein-rich foods earlier than 6 months old may 
cause hypersensitivity (allergic) reactions.”   

Therefore, since infant formulas serve as the sole item of the diet of infants who are not fed 
human milk for the first four to six months of life, and carnitine found in normal foods in the 
human diet, red meat and dairy products, is not recommended or insufficient to provide the 
infant with the same quantity of carnitine as human milk provides, the addition of carnitine to 
organic infant formulas is essential to ensure healthy infant growth and development. 

 
 
13.  Confidential Business Information Statement. 

This petition contains no Confidential Business Information. 

 

                                                 
10 Infant Nutrition and Feeding. Publication FNS-288, 1993. Page94. 
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L-Carnitine Process Patent Examples 

 
Fermentation production of L-carnitine 
 
U.S. Patent No. 4,708,936 – Lonza – November 24, 1987 
Process for the continuous production of L-carnitine  
Abstract: Process for the continuous production of L-carnitine by the microbiological method. 
A microorganism of the strain DSM No. 3225 (HK 1331b) type is cultivated in a bioreactor with 
crotonobetaine and/or gamma-butyrobetaine in the presence of a growth substrate. The culture 
fluid passes outside of the bioreactor in a circulation in which a separation of the cell is carried 
out. A quantity of cell-free solution, which is as large as the amount fed to the bioreactor as a 
substrate, is withdrawn from the bioreactor. The L-carnitine is separated from the cell-free 
solution.  
 
U.S. Patent No. 5,028,538 – Sigma Tau – July 2, 1991 
Process for the production of L-carnitine and its derivatives  
Abstract: The invention relates to a process for the L(-)-carnitine biochemical production, in an 
economically favorable way. This new process is technically achievable with easily available 
raw materials in simple reaction conditions and with not complicated substance separation 
techniques. This process is carried out with bacteria that stereo-specifically hydrates 
crotonobetaine to L(-)-carnitine. 
 
U.S. Patent No. 6,653,112 – Sigma Tau – November 25, 2003 
Method for producing L-carnitine from crotonobetaine using a two stage continuous cell-recycle 
reactor  
Abstract: L(-)-carnitine is synthesized from crotonobetaine, crotonobetaine salts or derivatives in 
an ecologically advantageous manner by immobilizing cells of Escherichia coli 044 K74 on 
ceramics, glass beads or polyurethane disks in a two stage continuously operating cell recycle 
reactor containing a reaction medium. The medium preferably contains between 25 mM and 1 M 
crotonobetaine and at least 50 mM fumarate. Growing or resting cells of E. coli are retained in 
the reactor by micro or ultrafiltration membranes which are arranged as a flat membrane module 
or hollow fiber module. A first stage contains a reactor tank and a second stage contains an 
external recirculation loop connected to the tank for feeding the reaction medium through a filter 
unit. L-carnitine is synthesized under anaerobic conditions to produce a reaction medium 
containing L-carnitine and unreacted crotonobetaine. The reaction medium is transferred through 
the recirculation loop to the filter unit to produce a filtrate containing L-carnitine and a residue 
containing unreacted crotonobetaine and cells. The residue is recirculated to the reactor tank.  
 
Production of Crotonobetaine 
 
Canadian Patent No. 2,023,744 
Process for the Production of Crotonobetaine Hydrochloride  
Abstract: A process is disclosed for the production of crotonobetaine hydrochloride, which is a 
starting product in the microbiological production of L-carnitine. In the process, carnitine 
hydrochloride in its racemic form or in the form of its enantiomers is reacted at elevated 
temperature with acetic anhydride in the presence of an acid catalyst. 
 
Production of Butyrobetaine 
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U.S. Patent No. 5,087,745 – Lanza - February 11, 1992 
Process for the production of gamma-butyrobetaine  
Abstract: Process, which is feasible on a commercial scale, for the production of gamma-
butyrobetaine. For this purpose, butyrolactone with hydrogen chloride and an alcohol is 
converted to the chlorobutyric acid ester, the trimethylammonium butyric acid salt is formed 
with trimethylamine and then saponified to the end product.  
 
 
Totally Synthetic Processes for Carnitine 
 
U.S. Patent No. 6,429,319 – August 6, 2002 
Continuous process for the production of optically pure (S)-beta-hydroxy-gamma-butyrolactone  
Abstract: Disclosed is a process for the production of optically pure (S)-beta-hydroxy-gamma-
butyrolactone through the hydrogenation of substituted carboxylic acid derivatives. A solution 
containing 1 to 50% by weight of a substituted carboxylic acid derivative is fed at a WHSV of 
0.1 to 10 h.sup.-1, to a fixed bed reactor which is filled with a catalyst and maintained at a 
reaction temperature of 50 to 550.degree. C. under a halogen partial pressure of 15 to 5,500 psig. 
The catalyst is composed of a noble metal as a catalytically effective ingredient which is 
impregnated in an inorganic oxide as a support. The molar ratio of the hydrogen to the 
substituted carboxylic acid derivative is maintained at a molar ratio of 1:1 to 10:1. The process 
can produce optically pure (S)-beta-hydroxy-gamma-butyrolactone with higher purities at higher 
yields than can conventional techniques. In addition to being relatively simple and 
environmentally friendly, the process is so economically favorable as to apply to industrial 
production.  
 
U.S. Patent No. 5,473,104 – December 5, 1995  
Process for the preparation of L-carnitine  
Abstract: There is disclosed a process for preparation of L-carnitine from (S)-3-
hydroxybutyrolactone. The process is a two-step preparation in which (S)-3-
hydroxybutyrolactone is first converted to a hydroxy-activated form and subsequently 
transformed to L-carnitine by treatment of the hydroxy-activated (S)-3-hydroxybutyrolactone 
with trimethylamine in water.  
 
U.S. Patent No. 7,718,414 – CJ Cheiljedang Corp. – May 18, 2010 
Microorganism of Enterobacteriacae genus harboring genes associated with L-carnitine 
biosynthesis and method of producing L-carnitine using the microorganism  
Abstract: Provided is a microorganism that belongs to Enterobacteriacae and a method of 
producing L-carnitine using the same. The microorganism includes polynucleotide encoding 
activity of S-adenosylmethionine-6-N-lysine methyltransferase from Neurospora crassa, 
polynucleotide encoding activity of 6-N-trimethyllysine hydroxylase, polynucleotide encoding 
activity of 3-hydroxy-6-N-trimethyllysine aldolase, and polynucleotide encoding activity of 
.gamma.-trimethylaminoaldehyde dehydrogenase and y-butyrobetaine hydroxylase.  
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Publication Title:

PROCESS FOR THE PRODUCTION OF CROTONOBETAINE
HYDROCHLORIDE 

Abstract:

A process is disclosed for the production of crotonobetaine hydrochloride, which
is a starting product in the microbiological production of L-carnitine. In the
process, carnitine hydrochloride in its racemic form or in the form of its
enantiomers is reacted at elevated temperature with acetic anhydride in the
presence of an acid catalyst.
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Complete Nutrition
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Baby’s 1st Year

ADVANCE

U.S. Patent Nos. 5,700,590; 6,136,858; 
6,596,767; 7,090,879; D416,801 and D419,455
© 2011 Abbott Laboratories
#59883  40072  8954-01

Filled by volume to 1 Quart.
Extra space in bottle allows for
shaking and easy pouring.

Have product-related questions?
Call 1-800-515-7677,
8:30 am–5:00 pm,
Eastern time, weekdays.
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NUTRIENTS PER 100 CALORIES (5 FL OZ)

VITAMINS

PROTEIN . . . . . . . . . . . . . .  2.07 G
FAT . . . . . . . . . . . . . . . . .  5.40 G
CARBOHYDRATE . . . . . . .  10.9 G

WATER . . . . . . . . . . . . .  133 G
LINOLEIC ACID . . . . . . .  860 MG

VITAMIN A . . . . . . . . . .  300 IU
VITAMIN D . . . . . . . . . . .  60 IU
VITAMIN E . . . . . . . . . . . .  1.5 IU
VITAMIN K . . . . . . . . . . . .  8 MCG
THIAMIN (VIT. B1) . . . . .  100 MCG
RIBOFLAVIN (VIT. B2) . . .  150 MCG
VITAMIN B6 . . . . . . . . . . .  60 MCG
VITAMIN B12 . . . . . . . . . . .  0.25 MCG

NIACIN . . . . . . . . . . . .  1050 MCG
FOLIC ACID (FOLACIN) . . .  15 MCG
PANTOTHENIC ACID . . . .  450 MCG
BIOTIN . . . . . . . . . . . . . . .  4.4 MCG
VITAMIN C
  (ASCORBIC ACID) . . . . . .  9 MG
CHOLINE . . . . . . . . . . . . .  16 MG
INOSITOL . . . . . . . . . . . . .  4.7 MG

CALCIUM . . . . . . . . . . . .  78 MG
PHOSPHORUS . . . . . . . . .  42 MG
MAGNESIUM . . . . . . . . . . .  6 MG
IRON . . . . . . . . . . . . . . . .  1.8 MG
ZINC . . . . . . . . . . . . . . . .  0.75 MG
MANGANESE . . . . . . . . . . .  5 MCG

COPPER . . . . . . . . . . . . .  90 MCG
IODINE . . . . . . . . . . . . . . .  6 MCG
SELENIUM . . . . . . . . . . . .  1.8 MCG
SODIUM . . . . . . . . . . . . .  24 MG
POTASSIUM . . . . . . . . .  105 MG
CHLORIDE . . . . . . . . . . . .  65 MG

MINERALS

INGREDIENTS: WATER, ORGANIC NONFAT MILK, ORGANIC MALTODEXTRIN, ORGANIC SUGAR, 
ORGANIC HIGH OLEIC SUNFLOWER OIL, ORGANIC SOY OIL, ORGANIC COCONUT OIL; LESS 
THAN 0.5% OF: C. COHNII OIL*, M. ALPINA OIL†, BETA-CAROTENE, LUTEIN, LYCOPENE, 
FRUCTOOLIGOSACCHARIDES, POTASSIUM CITRATE, CALCIUM CARBONATE, ASCORBIC ACID, 
SOY LECITHIN, CARRAGEENAN, MAGNESIUM CHLORIDE, SALT, FERROUS SULFATE, CHOLINE 
CHLORIDE, CHOLINE BITARTRATE, TAURINE, m-INOSITOL, d-ALPHA-TOCOPHERYL ACETATE, 
L-CARNITINE, ZINC SULFATE, NIACINAMIDE, CALCIUM PANTOTHENATE, RIBOFLAVIN, VITAMIN A 
PALMITATE, CUPRIC SULFATE, THIAMINE CHLORIDE HYDROCHLORIDE, PYRIDOXINE HYDRO- 
CHLORIDE, FOLIC ACID, MANGANESE SULFATE, PHYLLOQUINONE, BIOTIN, POTASSIUM 
IODIDE, SODIUM SELENATE, VITAMIN D3, CYANOCOBALAMIN, POTASSIUM HYDROXIDE AND 
NUCLEOTIDES (ADENOSINE 5'-MONOPHOSPHATE, CYTIDINE 5'-MONOPHOSPHATE, DISODIUM 
GUANOSINE 5'-MONOPHOSPHATE, DISODIUM URIDINE 5'-MONOPHOSPHATE).
CONTAINS MILK AND SOY INGREDIENTS.
*SOURCE OF DOCOSAHEXAENOIC ACID (DHA)  †SOURCE OF ARACHIDONIC ACID (ARA)

Breast milk is recommended. 
If you choose to use infant 
formula, the makers of Similac 
have a formula that’s right for 
your baby.

CERTIFIED ORGANIC BY QUALITY
ASSURANCE INTERNATIONAL

0

For babies needing
extra TLC

Expert Care

Alimentum®

NeoSure®

Diarrhea

For babies with 
fussiness, gas, & spit-up

Sensitive

Sensitive

Soy

Spit-Up

Complete nutrition
for the 1st year

Advance

Advance®

Organic

And Similac Go & Grow® for toddlers learning to eat table food

Expert CareSensitiveAdvance

Our Feeding Expert hotline is available to help 
you with feeding questions: 800-986-8800

®
 formulas           

for    every baby’s nutritional needs
Use as directed by your baby’s doctor.

 Infant
Formula

with Iron

READY TO FEEDREADY TO FEED DO NOT ADD WATERDO NOT ADD WATER

  Prepare and feed all formula in this container within
3 days after opening.

 Storage Once opened, store quart bottle in refrigerator. Store prepared 
bottles in refrigerator and feed to baby within 48 hours. 
Store unopened containers at room temperature; avoid extreme 
temperatures. Do not reuse container.

 Warning Do not use this container to warm formula. Never use a 
microwave to warm formula. Serious burns can result.

Your baby’s health depends on carefully following these directions. Failure to 
follow these directions could result in severe harm. Ask your baby’s doctor if you 
need to boil (sterilize) bottles, nipples and rings before use. 

USE AS DIRECTED BY A DOCTOR
Directions for Preparation and Use

Invert cap; press 
down to pierce 
foil, then turn cap 
a half turn
Remove foil

1

Shake very well 
before each use
Remove protective 
band; twist off and 
clean cap

3

Pour formula into 
bottle; attach nipple
Once feeding 
begins, use within
1 hour or discard

 Use

DO NOT USE IF BAND AROUND CAP
OR INNER FOIL SEAL IS DAMAGED. 

2
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VITAMIN CVITAMIN C
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CHOLINE . . . . . . . . . . . . .  16 MGCHOLINE . . . . . . . . . . . . .  16 
INOSITOL . . . . . . . . . . . . .  4.7 MGINOSITOL . . . . . . . . . . . . .  4.7 

GG
GG

COPPER . . . . . . . . . . . . .  90 MCGPPER . . . . . . . . . . . . .  90 
IODINE . . . . . . . . . . . . . . .  6 MCGIODINE . . . . . . . . . . . . . . .  6 
SELENIUM . . . . . . . . . SELENIUM . . 
SODIUMSO

FORYour baby’s health depends on carefully 
follow these directions could result in seve
need to boil (sterilize) bottles, nipples and r

USE AS DIRECT
Dire ions for PreOOOOOOOOOOO1 DO NOT USE IF B

OR INNER FOIL SER 
DUPLICMG

. . . .  105 MG. .  105 MG
LORIDE . . . . . . . . . . . .  65 MGRIDE . . . . . . . . . . . .  65 MG

ATER, ORGANIC NONFAT MILK,NONFAT ORGANICORGANIC MALTODEXTRIN,LTODEXTRIN, ORGANICORGANIC SUGAR,UGAR,
GH OLEIC SUNFLOWER OIL, GH OLEIC SUNFLOWER OIL, ORGANICORG SOY OIL, SOY OI ORGANIC RGANIC COCONUT OIL;ONUT OI LESSLESS
OF:OF: C. COHNII OIL*, M. ALPINA OIL C. COHNII OIL*, M. ALPINA †, BETA-CAROTENE, LUTEIN, LYCOPENE, BETA-CAROTENE, LUTEIN, LYCOPENE,
OSACCHARIDES, POTASSIUM CITRATE, CALCIUM CARBONATE, ASCORBIC ACID,OSACCHARIDES, POTASSIUM CITRATE, CALCIUM CARBONATE, ASCORBIC ACID,
, CARRAGEENAN, MAGNESIUM CHLORIDE, SALT, FERROUS SULFATE, CHOLINE, CARRAGEENAN, MAGNESIUM CHLORIDE, SALT, FERROUS SULFATE, CHOLINE
OLINE BITARTRATE, TAURINE, m-INOSITOL, d-ALPHA-TOCOPHERYL ACETATE,OLINE BITARTRATE, TAURINE, m-INOSITOL, d-ALPHA-TOCOPHERYL ACETATE, 
NC SULFATE, NIACINAMIDE, CALCIUM PANTOTHENATE, RIBOFLAVIN, VITAMIN ANC SULFATE, NIACINAMIDE, CALCIUM PANTOTHENATE, RIBOFLAVIN, VITAMIN A
PRIC SULFATE, THIAMINE CHLORIDE HYDROCHLORIDE, PYRIDOXINE HYDRO-PRIC SULFATE, THIAMINE CHLORIDE HYDROCHLORIDE, PYRIDOXINE HYDRO-
C ACID, MANGANESE SULFATE, PHYLLOQUINONE, BIOTIN, POTASSIUMC ACID, MANGANESE SULFATE, PHYLLOQUINONE, BIOTI
SELENATE, VITAMIN DSELENATE, VITAMIN 3, CYANOCOBALAMIN, POTASSIUM HYDROXIDE ANDYANOCOBALAMIN, POTASSIUM HY
ENOSINE 5'-MONOPHOSPHATE, CYTIDINE 5'-MONOPHOSPHATE, DISODIUMENOSINE 5'-MONOPHOSPHATE, CYTIDINE 5'-MONOPHOSPHA
NOPHOSPHATE, DISODIUM URIDINE 5'-MONOPHOSPHATNOPHOSPHATE, DISODIUM URIDINE 5'-MONOPHOSPH
K AND SOY INGREDIENTS.K AND SOY INGREDIENTS.

AENOIC ACID (DHA) AENOIC ACID (

CATIONPrepare and feed all formula in this container with
3 days after open
Once opened, store quart bottle in refrigerator. Sto
bottles in refrigerator and fee
Store unopened con
temperat

i

Invert cap; press 
down to pie
foil, then turn cap 
a half turn
Remove foilTTShake very well 

before each use
y

Remove protecti
band; twist off an
clean ca ONNONONONONNONONNNNNNNNNNNPour formula in

ottle; attach nip
nce feeding 

begins, use within
1 hour or discardTIOTIOTIOIOIOOOO

Appendix C Page C1



NUTRIENTS PER 100 CALORIES (5 FL OZ, PREPARED AS DIRECTED)

VITAMINS

MINERALS

*SOURCE OF DOCOSAHEXAENOIC ACID (DHA)  †SOURCE OF ARACHIDONIC ACID (ARA)

INGREDIENTS: ORGANIC NONFAT MILK, ORGANIC MALTODEXTRIN, ORGANIC SUGAR, ORGANIC HIGH 
OLEIC SUNFLOWER OIL, ORGANIC SOY OIL, ORGANIC COCONUT OIL; LESS THAN 2% OF: C. COHNII OIL*, 
M. ALPINA OIL†, BETA-CAROTENE, LUTEIN, LYCOPENE, FRUCTOOLIGOSACCHARIDES, POTASSIUM CITRATE, CALCIUM 
CARBONATE, ASCORBIC ACID, SOY LECITHIN, ASCORBYL PALMITATE, FERROUS SULFATE, SALT, CHOLINE CHLORIDE, 
CHOLINE BITARTRATE, TAURINE, m-INOSITOL, MAGNESIUM CHLORIDE, ZINC SULFATE, MIXED TOCOPHEROLS, 
d-ALPHA-TOCOPHERYL ACETATE, NIACINAMIDE, CALCIUM PANTOTHENATE, L-CARNITINE, VITAMIN A PALMITATE, 
CUPRIC SULFATE, THIAMINE CHLORIDE HYDROCHLORIDE, RIBOFLAVIN, PYRIDOXINE HYDROCHLORIDE, FOLIC ACID, 
MANGANESE SULFATE, PHYLLOQUINONE, BIOTIN, SODIUM SELENATE, VITAMIN D3, CYANOCOBALAMIN, POTASSIUM 
IODIDE, POTASSIUM HYDROXIDE AND NUCLEOTIDES (CYTIDINE 5'-MONOPHOSPHATE, DISODIUM GUANOSINE 
5'-MONOPHOSPHATE, DISODIUM URIDINE 5'-MONOPHOSPHATE, ADENOSINE 5'-MONOPHOSPHATE).
CONTAINS MILK AND SOY INGREDIENTS.

PROTEIN . . . . . . . . . . . . . . . . . . .  2.07 G
FAT . . . . . . . . . . . . . . . . . . . . . . .  5.63 G
CARBOHYDRATE . . . . . . . . . . . .  10.4 G

WATER . . . . . . . . . . . . . . . . . .  133 G
LINOLEIC ACID . . . . . . . . . . . .  860 MG

VITAMIN A . . . . . . . . . . . . . . . .  300 IU
VITAMIN D . . . . . . . . . . . . . . . . .  60 IU
VITAMIN E . . . . . . . . . . . . . . . . . .  1.5 IU
VITAMIN K . . . . . . . . . . . . . . . . . .  8 MCG
THIAMIN (VIT. B1) . . . . . . . . . .  100 MCG
RIBOFLAVIN (VIT. B2) . . . . . . . .  150 MCG
VITAMIN B6 . . . . . . . . . . . . . . . .  60 MCG
VITAMIN B12 . . . . . . . . . . . . . . . .  0.25 MCG

NIACIN . . . . . . . . . . . . . . . . .  1050 MCG
FOLIC ACID (FOLACIN) . . . . . . . .  15 MCG
PANTOTHENIC ACID . . . . . . . . .  450 MCG
BIOTIN . . . . . . . . . . . . . . . . . . . .  4.4 MCG
VITAMIN C
  (ASCORBIC ACID) . . . . . . . . . . .  9 MG
CHOLINE . . . . . . . . . . . . . . . . . .  16 MG
INOSITOL . . . . . . . . . . . . . . . . . .  4.7 MG

CALCIUM . . . . . . . . . . . . . . . . . .  78 MG
PHOSPHORUS . . . . . . . . . . . . . .  42 MG
MAGNESIUM . . . . . . . . . . . . . . . .  6 MG
IRON . . . . . . . . . . . . . . . . . . . . . .  1.8 MG
ZINC . . . . . . . . . . . . . . . . . . . . .  0.75 MG
MANGANESE . . . . . . . . . . . . . . . .  5 MCG

COPPER. . . . . . . . . . . . . . . . . . .  90 MCG
IODINE. . . . . . . . . . . . . . . . . . . . .  6 MCG
SELENIUM . . . . . . . . . . . . . . . . . .  1.8 MCG
SODIUM. . . . . . . . . . . . . . . . . . .  24 MG
POTASSIUM . . . . . . . . . . . . . . .  105 MG
CHLORIDE . . . . . . . . . . . . . . . . .  65 MG
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USE AS DIRECTED BY A DOCTOR
Directions for Preparation and Use

Storage: Once mixed, store bottles in refrigerator and 
feed to baby within 24 hours. Store unopened or 
opened container at room temperature; avoid extreme 
temperatures. Use opened container contents within 
1 month. Do not reuse container. 
Warning: Powdered infant formulas are not sterile and 
should not be fed to premature infants or infants who 
might have immune problems unless directed and 
supervised by your baby’s doctor. Never use a micro-
wave to warm formula. Serious burns can result.

Your baby’s health depends on carefully following these directions. Proper hygiene, handling 
and storage are important when preparing infant formula. Failure to follow these directions 
could result in severe harm. Ask your baby’s doctor if you need to use cooled, boiled water 
for mixing and if you need to boil (sterilize) bottles, nipples and rings before use.

Wash your 
hands, 
surfaces and 
utensils
Pour water into clean 
bottle (see mixing 
guide)

Add 1 
unpacked 
level scoop 
(8.6 g) to each 2 fl oz 
of water
Return dry scoop to 
holder in lid

Cap bottle; 
shake well; 
attach nipple
Once feeding begins, 
use within 1 hour or 
discard
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Policy on Safety 
Health and Environment
Lonza is committed to operations and practices, which 
prevent harm to people and damage to environment or 
property. The following principles for safety, health and 
environment (SHE) resulting from the company‘s ethi-
cal conviction take precedence and apply throughout 
the group.

We actively manage SHE as an integral part of our busi-
ness and operations practices, and apply comprehen-
sive SHE management systems.
 
We require our regional and local managements to 
comply in their area of responsibility with the applicable 
laws and the internal and external SHE requirements.

We require our regional and local managements to inte-
grate security measures into their SHE management 
systems. Security measures must at least encompass 
the protection of facilities, equipment, know-how and 
data, and the transportation and storage of dangerous 
goods.

We strive to minimize the environmental impact of our 
operations and business practices as well as to opti-
mize the use of natural resources by our processes and 
products.

We will maintain a safe workplace environment for our 
employees and provide appropriate information and 
training to increase their skills and promote their safety, 
health and environmental awareness. All employees 
have a fundamental responsibility for SHE matters at 
work.

We are committed to continual improvement of our SHE 
performance and measure the progress by specific 
SHE performance indicators. We promote measures to 
increase the ecoefficiency of our investments and opti-
mize our SHE costs, while maintaining technological 
competitiveness.

We operate only processes, apply technologies and 
develop and handle products, which are assessed for 
their SHE risks. Safe handling and use of our products 
is to be guaranteed internally as well as communicated 
externally. 

New or modified processes and installations must be 
subjected to a systematic risk assessment prior to 
introduction. All raw materials, intermediates and prod-
ucts are assessed for their regulatory compliance.

We have emergency procedures in place and emergen-
cy response organizations at all our sites to control and 
to limit the impact of incidents and threats. All internal 
and external communication channels in case of an 
emergency are defined and operable.

We periodically audit our operations, business and 
management practices at all our sites with regard to 
SHE performance and compliance through independent 
experts.

We openly communicate and provide information on our 
SHE performance to our employees, customers, share-
holders and investors, governmental authorities and 
the public at large.

Lonza wants to ensure that its business practices 
conform to its ethical conviction and the principles of 
sus tainable development.

Stefan Borgas
Chief Executive Officer

April 2010
 

The legal structure 
of the subsidiaries 

and affiliates, 
as well as the legal 

structure of their 
organs and 

employees will 
remain unaffected 

by this policy.
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Material Safety Data Sheet 
 

1. PRODUCT AND COMPANY IDENTIFICATION

 
Product Name L(-)-Carnitine
 
Cat No. AC241040000; AC241040010; AC241040100; AC241040500
 
Synonyms 3-Hydroxy-4-(trimethylammonio)butanoate; Vitamin BT
 
Recommended Use Laboratory chemicals
 

 
 
 

2. HAZARDS IDENTIFICATION

 

 

 
Target Organs Skin, Respiratory system, Eyes
 
Potential Health Effects 
 
Acute Effects 
Principle Routes of Exposure
 

 
_____________________________________________________________________________________________ 
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WARNING!

Emergency Telephone Number
For information in the US, call: 800-ACROS-01
For information in Europe, call: +32 14 57 52 
11

Emergency Number, Europe: +32 14 57 52 99
Emergency Number, US: 201-796-7100

CHEMTREC Phone Number, US: 800-424-
9300
CHEMTREC Phone Number, Europe: 703-
527-3887

Emergency Overview 

Revision Number 1

Irritating to eyes, respiratory system and skin. Hygroscopic. 

Creation Date  19-Apr-2010 Revision Date 19-Apr-2010

Company
Fisher Scientific
One Reagent Lane
Fair Lawn, NJ 07410
Tel: (201) 796-7100

Entity / Business Name 
Acros Organics
One Reagent Lane
Fair Lawn, NJ 07410

odor odorlessAppearance White Physical State  Solid
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 Eyes Irritating to eyes. 
 Skin Irritating to skin. May be harmful in contact with skin. 
 Inhalation Irritating to respiratory system. May be harmful if inhaled. 
 Ingestion May be harmful if swallowed. Ingestion may cause gastrointestinal irritation, nausea, vomiting 

and diarrhea. 
 
Chronic Effects None known. 
 
See Section 11 for additional Toxicological information. 
 
Aggravated Medical Conditions No information available.
  

3. COMPOSITION/INFORMATION ON INGREDIENTS

 
Haz/Non-haz 

Component CAS-No Weight %
(R)-(3-Carboxy-2-hydroxypropyl)trimethylammonium 

hydroxide
541-15-1 >95

  
4. FIRST AID MEASURES

 
Eye Contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes. Obtain 

medical attention. 
 
Skin Contact Wash off immediately with plenty of water for at least 15 minutes. Obtain medical attention. 
 
Inhalation Move to fresh air. If breathing is difficult, give oxygen. Obtain medical attention. 
 
Ingestion Do not induce vomiting. Obtain medical attention. 
 
Notes to Physician Treat symptomatically.
 

5. FIRE-FIGHTING MEASURES

 
Flash Point No information available.
 Method No information available.
 
Autoignition Temperature No information available.
Explosion Limits
 Upper No data available
 Lower No data available
 
Suitable Extinguishing Media Use water spray, alcohol-resistant foam, dry chemical or carbon 

dioxide. 
 
Unsuitable Extinguishing Media No information available.
 
Hazardous Combustion Products No information available.
 
 Sensitivity to mechanical impact No information available.
 Sensitivity to static discharge No information available.
 
Specific Hazards Arising from the Chemical
Keep product and empty container away from heat and sources of ignition
 

 
_____________________________________________________________________________________________ 
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Protective Equipment and Precautions for Firefighters
As in any fire, wear self-contained breathing apparatus pressure-demand, MSHA/NIOSH (approved or equivalent) and full protective 
gear. Thermal decomposition can lead to release of irritating gases and vapors. 
 

 
6. ACCIDENTAL RELEASE MEASURES

 
Personal Precautions Ensure adequate ventilation. Use personal protective equipment. Avoid dust formation. 
 
Environmental Precautions Should not be released into the environment. 
 
Methods for Containment and Clean 
Up 

Sweep up or vacuum up spillage and collect in suitable container for disposal. Avoid dust 
formation. 

  
7. HANDLING AND STORAGE

 
Handling Wear personal protective equipment. Ensure adequate ventilation. Do not get in eyes, on skin, 

or on clothing. Avoid ingestion and inhalation. Avoid dust formation. 
 
Storage Keep containers tightly closed in a dry, cool and well-ventilated place. Keep refrigerated. 
 

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

 
Engineering Measures Ensure that eyewash stations and safety showers are close to the workstation location. Ensure 

adequate ventilation, especially in confined areas. 
 
Exposure Guidelines This product does not contain any hazardous materials with occupational exposure limits 

established by the region specific regulatory bodies.
 
NIOSH IDLH: Immediately Dangerous to Life or Health
 
Personal Protective Equipment
 Eye/face Protection Wear appropriate protective eyeglasses or chemical safety goggles as described by OSHA's 

eye and face protection regulations in 29 CFR 1910.133 or European Standard EN166. 
 Skin and body protection Wear appropriate protective gloves and clothing to prevent skin exposure. 
 Respiratory Protection Follow the OSHA respirator regulations found in 29 CFR 1910.134 or European Standard EN 

149. Use a NIOSH/MSHA or European Standard EN 149 approved respirator if exposure limits 
are exceeded or if irritation or other symptoms are experienced. 

  
9. PHYSICAL AND CHEMICAL PROPERTIES

 
Physical State Solid
Appearance White
odor odorless
Odor Threshold No information available.
pH 5-9 5% aq. sol. 
Vapor Pressure No information available.
Vapor Density No information available.
Viscosity No information available.
Boiling Point/Range No information available.
Melting Point/Range 208 - 212°C / 406.4 - 413.6°F
Decomposition temperature > 365°C

 
_____________________________________________________________________________________________ 
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NFPA Health  2 Flammability 1

Thermo Fisher Scientific  - L(-)-Carnitine

Instability 0 Physical hazards N/A 

Revision Date 19-Apr-2010
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9. PHYSICAL AND CHEMICAL PROPERTIES
Flash Point No information available.
Evaporation Rate No information available.
Specific Gravity No information available.
Solubility Soluble in water
log Pow No data available
Molecular Weight 161.2
Molecular Formula C7 H15 N O3
 

10. STABILITY AND REACTIVITY

 
Stability Hygroscopic. 
 
Conditions to Avoid Incompatible products. Excess heat. Avoid dust formation. 

Exposure to moist air or water. 
 
Incompatible Materials Strong oxidizing agents
 
Hazardous Decomposition Products Carbon monoxide (CO), Carbon dioxide (CO2), Nitrogen oxides 

(NOx)
 
Hazardous Polymerization Hazardous polymerization does not occur. 
 
Hazardous Reactions . None under normal processing.. 
 

11. TOXICOLOGICAL INFORMATION

 
Acute Toxicity
 

 
Component Information

Component LD50 Oral LD50 Dermal LC50 Inhalation
(R)-(3-Carboxy-2-

hydroxypropyl)trimethylammonium 
hydroxide

>5g/kg (rat) Not listed Not listed

 

 
Irritation Irritating to eyes, respiratory system and skin
 
Toxicologically Synergistic 
Products 

No information available.

 
Chronic Toxicity
 
Carcinogenicity There are no known carcinogenic chemicals in this product
 

 
Sensitization No information available.
 
Mutagenic Effects No information available.
 
Reproductive Effects No information available.

 
_____________________________________________________________________________________________ 
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Developmental Effects No information available.
 
Teratogenicity No information available.
 
Other Adverse Effects See actual entry in RTECS for complete information. The toxicological properties have not 

been fully investigated.. 
 
Endocrine Disruptor Information No information available
 

12. ECOLOGICAL INFORMATION

 
Ecotoxicity
No information available.. 
 
Persistence and Degradability No information available
 
Bioaccumulation/ Accumulation No information available
 
Mobility No information available
 
 

13. DISPOSAL CONSIDERATIONS

 
Waste Disposal Methods Chemical waste generators must determine whether a discarded chemical is classified as a 

hazardous waste.  Chemical waste generators must also consult local, regional, and national 
hazardous waste regulations to ensure complete and accurate classification. 

 
 

14. TRANSPORT INFORMATION

 
DOT Not regulated

 
TDG Not regulated

 
IATA Not regulated

 
IMDG/IMO Not regulated

 
 

15. REGULATORY INFORMATION

 
International Inventories

Component TSCA DSL NDSL EINECS ELINCS NLP PICCS ENCS AICS CHINA KECL 

 
_____________________________________________________________________________________________ 
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15. REGULATORY INFORMATION
(R)-(3-Carboxy-2-

hydroxypropyl)trimethylammon
ium hydroxide

- - - 208-768-
0

- X X X X -

 
Legend: 
X - Listed 
E - Indicates a substance that is the subject of a Section 5(e) Consent order under TSCA.  
F - Indicates a substance that is the subject of a Section 5(f) Rule under TSCA. 
N - Indicates a polymeric substance containing no free-radical initiator in its inventory name but is considered to cover the designated 
polymer made with any free-radical initiator regardless of the amount used.  
P - Indicates a commenced PMN substance  
R - Indicates a substance that is the subject of a Section 6 risk management rule under TSCA. 
S - Indicates a substance that is identified in a proposed or final Significant New Use Rule  
T - Indicates a substance that is the subject of a Section 4 test rule under TSCA.  
XU - Indicates a substance exempt from reporting under the Inventory Update Rule, i.e. Partial Updating of the TSCA Inventory Data Base 
Production and Site Reports (40 CFR 710(B). 
Y1 - Indicates an exempt polymer that has a number-average molecular weight of 1,000 or greater.  
Y2 - Indicates an exempt polymer that is a polyester and is made only from reactants included in a specified list of low concern reactants that 
comprises one of the eligibility criteria for the exemption rule.  

 
U.S. Federal Regulations
 
TSCA 12(b)  Not applicable
 
SARA 313
Not applicable

 
SARA 311/312 Hazardous Categorization 
 Acute Health Hazard Yes
 Chronic Health Hazard No
 Fire Hazard No
 Sudden Release of Pressure Hazard No
 Reactive Hazard No
 
Clean Water Act 
Not applicable
 

Clean Air Act 
Not applicable
 
OSHA 
Not applicable
 
CERCLA 
Not Applicable
 
California Proposition 65 
This product does not contain any Proposition 65 chemicals.

 
State Right-to-Know
Not applicable
 
U.S. Department of Transportation  
Reportable Quantity (RQ): N
DOT Marine Pollutant  N

 
_____________________________________________________________________________________________ 
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DOT Severe Marine Pollutant  N
 
U.S. Department of Homeland Security 
This product does not contain any DHS chemicals.
 
Other International Regulations 
 
Mexico - Grade No information available
 
Canada 
 
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations (CPR) and the 
MSDS contains all the information required by the CPR.
 
WHMIS Hazard Class
D2B  Toxic materials 
 

 
 

16. OTHER INFORMATION

 
Prepared By Regulatory Affairs
 Thermo Fisher Scientific

Tel: (412) 490-8929
 
Creation Date 19-Apr-2010
 
Print Date 19-Apr-2010
 
Revision Summary "***", and red text indicates revision
 
Disclaimer 
The information provided on this Safety Data Sheet is correct to the best of our knowledge, information and belief at the date 
of its publication.  The information given is designed only as a guide for safe handling, use, processing, storage, 
transportation, disposal and release and is not to be considered as a warranty or quality specification.  The information 
relates only to the specific material designated and may not be valid for such material used in combination with any other 
material or in any process, unless specified in the text.
 

End of MSDS 
 

 
_____________________________________________________________________________________________ 
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1 2 2 Brief  clinical and laboratory observations The Journal of Pediatrics 
July 1980 

3. McCarten KM, Borden S, Rosenberg HK, and Spackman 
TJ: Delayed onset of right diaphragmatic hernia associated 
with group B streptococcal infection in the newborn (abstr), 
Am J Roentgenol 133:435, 1979. 

4. Wiseman NE, and MacPherson RI: "Acquired" congenital 
diaphragmatic hernia, J Pediatr Surg 12:657, 1977. 

5. Blank E, and Campbell JR: Congenital posterolateral 
defect in th e right side of the diaphragm, Pediatrics 57:807, 
1976. 

6. Riggs W, and Herschman A: Absent liver sign in congenital 
diaphragmatic hernia, South Med J 63:265, 1970. 

7. White JJ, Oh KS, and Hailer JA: Positive-contrast peritone- 
ography for accurate delineation of diaphragmatic abnor- 
malities, Surgery 76:398, 1974. 

8. Meyers MA: Peritoneography, Am J Roentgenol 117:353, 
1973. 

9. Oh, KS, Dorst JP, White JJ, et al: Positive-contrast 
peritoneography and herniography, Radiology 108:647, 
1973. 

Comparison of serum carnitine and ketone body 
concentrations in breast- and in formula-fed newborn 
infants 

Joseph B. Warshaw, M.D.,* and Edward Curry, M.D., New Haven, Conn. 

THE HUMAN NEWBORN INFANT undergoes major 
metabolic changes during the transition from fetal to 
extrauterine life. Although glucose appears to be the 
major energy fuel during fetal development and an 
important precursor for glycogen and lipid depots, the 
newborn infant rapidly develops the capacity to oxidize 
fatty acids and ketone bodies as fuels alternative to 
glucose. 

Fatty acids derived from the high fat milk diet and 
endogenous fat stores become the preferred fuel of heart 
and other tissues with high-energy demands, tn the 
human neonate, there is a dramatic increase in serum 
levels of free fatty acids during the first hours of life." 
This is followed by increased concentrations of ketone 
bodies in the serum, Animal studies have shown that 
tissues of neonates, including brain, can actively utilize 
fatty acids and ketone bodies as oxidative substrates? 
ImPortant regulatory influences may include fatty acid 
availability, increased oxygen supply, and increases in the 
availability Of carnitine. Carnitine serves as an essential 
carrier for acyl groups across the mitochondrial mem- 
brane to sites of oxidation, and therefore has a central role 
in the mitochondrial oxidation of fatty acids. In the 
present study we have examined relationships between 
breast and formula feeding and serum levels of carnitine 

From the Division of Perinatal Medicine, Department 
of Pediatrics. 

Supported in part by Clinical Research Center Grant 
RR-O0215 NIH. 

*Reprint address: Department of Pediatrics, Yale University 
School of Medicine, 333 Cedar St., New Haven, CT 06510. 

and ketone bodies generated as a consequence of fatty 
acid oxidation. 

M E T H O D S  A N D  M A T E R I A L S  

Eleven breast-fed and 11 formula-fed infants were 
admitted to the study. Study patients were singleton births 
with a gestational age of at least 37 weeks and birth weight 
of over 3,000 gin. Three infants were delivered by cesar- 
ean section without postnatal complication. Cord blood 
was retained for subsequent analysis, and capillary blood 
obtained by heel prick was obtained at 6, 24, and 42 hours 
for analysis of carnitine, free fatty acids, ketone bodies, 
and glucose. This study was approve d by the Human 
Investigation Committee, and informed consent was 
acquired from the parents of all infants in the study. 

Analytical procedures. Blood, colostrum, breast milk, 
and formula were deproteinized with 6% perchloric acid. 
The colostrum and breast milk were centrifuged for 30 
minutes at 10,000 x g and blood for 10 minutes at 
10,000 x g to obtain a supernatant fraction, The superna- 
tant was neutralized with 1M K2CO3- 3M KOH to pH 7.0 
at 0 ~ and centrifuged at 8,000 g x 10 minutes to remove 
the insoluble potassium perchlorate. The supernatant 
from the colostrum and breast milk were also filtered 
through a 0.45ff Millipore filter. 

Free-carnitine concentrations were assayed spectropho- 
tometrically as reported by Marquis and Fritz? Free fatty 
acids were determined by a colorimetric assay described 
by Kvam et al 5 except heptane was used instead of 
pentane because of its lower boiling point. 

/?-Hydroxybutyrate and acetoacetate were determined 

0022-3476/80/070122+04500.40/0 �9 1980 The C. V. Mosby Co. 
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Fig. 1. Comparison of serum carnitine concentrations in breast- and formula-fed infants. Blood samples were obtained 
at birth (cord blood) and at 6, 24, and 42 hours of age by heel stick. Values given are means _+ SEM for 11 infants in each 
group. Other conditions are as in the text. 

fluorometrically following a minor modification of  the 
procedure described by Mellanby and Williamson. 6 Plas- 
ma glucose was determined by the YSI model  23A glucose 
analyzer (Yellow S p r i n g s ,  Instrument Co., Yellow 
Springs, Ohio). 

The carnitine acetyltransferase and fl-hydroxybutyrate 
dehydrogenase was obtained from Boehringer-Mannheim 
Biochemical Co. (Indianapolis). Other reagents were 
obtained from commercial  sources. 

R E S U L T S  

Carnitine concentration in the cord blood of  both 
breast- and formula-fed infants in the study was 34(+_ 5) 
nmoles/ml .  As is shown in Fig. 1, by 42 hours after birth 
the serum carnitine concentration in the breast-fed group 
increased to 60(+_ 8) nmoles /ml ,  as compared to 38(_+4) 
nmoles /ml  in the formula-fed group (P < 0.05). Carni- 
fine content of  breast milk collected from nursing mothers 
from one to five days postpartum ranged from 70 to 95 
rtmoles/ml, with higher values of  up to 115 nmoles /ml  in 
colostrum. The carnitine content of  commercial  formula 
(Enfamil) Was between 40 to 80 nmoles/ml .  There was 
considerable variation in both human milk and formu- 
la. 

As a reflection of  fatty acid oxidation and because of  
possible relat ionships to serum carnitine levels, ketone 
body concentration (fl-hydroxybutyrate + acetoacetate) 
was measured during the 42-hour study period. The mean 
ketone body concentration in the cord blood of  both the 

breast- and formula-fed groups was similar 1.35(_+0.3) 
and 1.50( +- 0.6)/xmoles/ml, respectively. As shown in Fig. 
2, by 42 hours after birth, ketone body concentration in 
the breast-fed infants increased to 5.9(_+ 0.5)/Lmoles/ml, 
as compared with 2.9(+_0.6)/~moles/ml in the formula- 
fed group. The differences between the two groups is 
significant at 42 hours of  life (P < 0.01). This pattern is 
similar to that observed for the increase in serum carnitine 
concentrations seen in Fig. 1. 

The free fatty acid concentrations in cord blood of  
breast- and formula-fed groups were not significantly 
different, 121(+_ 35) and 97(+_ 20)/~moles/ml,  respective- 
ly. At 42 hours after birth the mean fatty acid concentra- 
tions in formula- and breast-fed groups were similar; they 
were 144(+ 40) versus 159(+_ 37) /~moles/ml, respective- 
ly. 

Glucose values over the first 42 hours of  life were not 
significantly different in breast- and formula-fed 
infantsl 

The mean birth weight for the formula fed-infants was 
3,613 +_ 118 gm, and 3,868 (+_280) gm for the breast-fed 
infants; the difference was not statistically significant. The 
mean weight loss over the first 42 hours of  life in formula- 
and breast-fed infants was 215 and 200 gm, respectively, 
again not significantly different. 

D I S C U S S I O N  

Results reported here show higher plasma carnitine 
levels in breast-fed as compared with formula-fed infants. 
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Fig. 2. Comparison of serum ketone body concentrations in breast- and formula-fed infants. Blood samples were 
obtained at birth (cord blood) and at 6, 24, and 42 hours of age by heel stick. Values given are means _+ SEM for 11 
infants in each group. Other conditions are as in the text. 

This was associated with increased plasma ketone concen- 
trations in the breast-fed group. Carnitine plays a central 
role in the mitochondrial oxidation of long-chain fatty 
acids. 

Previous work has suggested that developmental 
increases in tissue carnitine levels as well as in enzymes 
associated with acylcarnitine formation (acylcarnitine 
transferase) are important for postnatal increases in fatty 
acid oxidation. 7 s Several investigators have shown that 
ketone body oxidation is also of importance in the 
newborn period, particularly in brain where ketone bod- 
ies may be an important substrate alternative to glucose. 
Ketone bodies may also serve as lipogenic precursors in 
brain and other tissues during development. 4 ..... o 

Carnitine content of newborn rat liver increases drama- 
tically with the onset of suckling, and a major regulatory 
influence of fatty acid oxidation and ketogenesis in the 
newborn rat appears tO be related to the abundant supply 
of carnitine in rat's milk? I In human infants, Novak et al '~ 
have reported that oxygen consumption and lipolysis in 
adipose tissue are increased by carnitine so that carnitine 
may have a regulatory role in the postnatal release of fatty 
acids from adipose tissue. These investigators have further 
shown that carnitine and /3-hydroxybutyrate levels in 
blood of infants fed carnitine-free soy-based formulas 
were less than in normally fed infants? 3 

In the present study we found somewhat lower carni- 
tine levels in commercial formulas as compared with 
breast milk. The differences, however, do not appear to be 
of sufficient magnitude to account for the changes 

observed. Although differences in ketone body concentra- 
tion in breast-fed infants m~ty in part relate to the higher 
concentrations of carnitine found in colostrum and breast 
milk as compared with formula, it can also be speculated 
that the bioavailability of carnitine in breast milk may be 
greater than from commercial formulas, as has been 
found with other nutritional components in milk such as 
iron. Possible differences in the concentrations of free and 
bound carnitines in breast milk and formula may also 
influence absorption. Further work is required to clarify 
these relationships. 

Although formula-fed infants had lower blood carni- 
tine and ketone body levels, the plasma concentrations of 
free fatty acids and of glucose were similar, suggesting 
that the hyperketonemia observed was not due to caloric 
deprivation in the breast-fed group. Moreover, weight loss 
was similar in the two groups during the first 42 hours of 
life. Our data suggest, therefore, that breast feeding 
results in higher serum carnitine levels than found in 
newborn infants fed commercial formulas, and that this 
results in enhanced ketone body production. Further 
work will be required to better define relationships 
between carnitine and postnatal metabolic adaptation in 
the human, but this study again emphasizes possible 
advantages of breast milk in nutrition of newborn 
infants. 
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