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Scientific and Regulatory So/ufions for Food and Pharmaceuticals

Robert L. Marlin, Ph.D.
Deputy Director, Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety (HFS-255)
Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration
5100 Paint Branch Parkway
College Park, MD 20740-3835

RE: Notification of GRAS Determination for Theobromine (3,7-Dimethylxanthine)

Dear Dr. Martin:

Theocorp Holding Company, LLC has developed and intends to market theobromine. As
defined in the attached GRAS Notice, theobromine is GRAS on the basis of scientific
procedures under specific conditions of use as a food ingredient. Information setting forth
the basis for the GRAS determination, which includes a comprehensive summary of the
dataavailable and reviewed by an independent panel of experts in support of the safety of
theobromine under the intended conditions of use, as well as curricula vitae evidencing the
qualifications of the members of the panel of expefis for evaluating the safety of food
ingredients, are enclosed. Based on this GRAS determination and consistent with
proposed 21 CFR $ 170.36 (Notice of a claim for exemption based on a Generally
Recognized as Safe (GRAS) determination) published in the Federal Register (62 FR
18939-1896$; the use of theobromine in food as described in the notice is exempt
from the requirement of premarket approval.

I am submitting in triplicate, as the contact and agent to the notifier, Theocorp Holding
Company, LLC, a GRAS Notification for theobromine, for use as an ingredient in bread
(15 mg/serving), ready-to-eat, instant and regular oatmeal breakfast cereals (30
mg/serving), sporls and isotonic beverages (60 mg/serving), meal-replacement beverages
(non-milk and milk- based; non-chocolate;75 mg/serving)), vitamin, enhanced and regular
bottled waters (40 mg/serving), chewing gum (10 mg/serving), bottled tea (40 mg/serving),
soy milk (40 mg/serving), gelatins (40 mg/serving), hard candy mints (5 mglserving),
yogurt (non-chocolate; (50 mg/serving) and yogurt drinks (25 mglserving) , fruit smoothies
and powdered fruit-flavored drinks, (50 mg/serving).

On April 27,2010 Theocorp Holding Company, LLC met with Agency staff members to
inform the Center for Food Safety and Applied Nutrition (CSFAN) about theobromine
(3,7-dimethylxanthine) and to discuss the rationale for theobromine being GRAS. As part
of the FDA GRAS notification process, Theocorp is now submitting the enclosed GRAS
Notice for theobromine.

Should you have any questions regarding this GRAS Notice, please contact me at 717-243-
92t6.
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Scientific and Regulatory Solutions for Food and Pharmaceuticals

Robert L. Martin, Ph.D.
Deputy Director, Division of Bioteclmology and GRAS Notice Review
Office of Food Additive Safety (HFS-255)
Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration
5100 Paint Branch Parkway
College Park, MD 20740-3835

RE: Notification of GRAS Determination for Theobromine (3,7-Dimethylxanthine)

Dear Dr. Martin:

Theocorp Holding Company, LLC has developed and intends to market theobromine. As
defined in the attached GRAS Notice, theobromine is GRAS on the basis of scientific
procedures under specific conditions of use as a food ingredient. Information setting forth
the basis for the GRAS determination, which includes a comprehensive summary of the
data available and reviewed by an independent panel of experts in support of the safety of
theobromine under the intended conditions of use, as well as curricula vitae evidencing the
qualifications ofthe members of the panel of experts for evaluating the safety of food
ingredients, are enclosed. Based on this GRAS determination and consistent with
proposed 21 CFR § 170.36 (Notice of a claim for exemption based on a Generally
Recognized as Safe (GRAS) determination) published in the Federal Register (62 FR
18939-18964); the use of theobromine in food as described in the notice is exempt
from the requirement of premarket approval.

I am submitting in triplicate, as the contact and agent to the notifier, Theocorp Holding
Company, LLC, a GRAS Notification for theobromine, for use as an ingredient in bread
(15 mg/serving), ready-to-eat, instant and regular oatmeal breakfast cereals (30
mg/serving), sports and isotonic beverages (60 mg/serving), meal-replacement beverages
(non-milk and milk- based; non-chocolate; 75 mg/serving)), vitamin, enhanced and regular
bottled waters (40 mg/serving), chewing gum (10 mg/serving), bottled tea (40 mg/serving),
soy milk (40 mg/serving), gelatins (40 mg/serving), hard candy mints (5 mg/serving),
yogurt (non-chocolate; (50 mg/serving) and yogurt drinks (25 mg/serving) , fruit smoothies
and powdered fruit-flavored drinks, (50 mg/serving).

On April 27, 2010 Theocorp Holding Company, LLC met with Agency staff members to
inform the Center for Food Safety and Applied Nutrition (CSFAN) about theobromine
(3,7-dimethylxanthine) and to discuss the rationale for theobromine being GRAS. As part
of the FDA GRAS notification process, Theocorp is now submitting the enclosed GRAS
Notice for theobromine.

Should you have any questions regarding this GRAS Notice, please contact me at 717-243
9216.

1

210 N. Old Stonehouse Road, Carlisle, PA 17015-8517 • Phone: 717-243-9216. Fax: 702-993-5458
Email: tarkagroup@comcast.net • Web: www.tarkagroup.com 000002



Scientific and Regulatory Solutions for Food and Pharmaceutic@ 

Robert L. Martin, Ph.D. 

Office of Food Additive Safety (HFS-255) 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 

Deputy Director, Division of Biotechnology and GRAS Notice 

5 100 Paint Branch Parkway 
College Park, MD 20740-3835 

RE: Notification of GRAS Determination for Theobromine (3,7- 

Dear Dr. Martin: 

Theocorp Holding Company, LLC has developed and intends to market theobromine. As 
defined in the attached GRAS Notice, theobromine is GRAS on the basis of scientific 
procedures under specific conditions of use as a food ingredient. Information setting forth 
the basis for the GRAS determination, which includes a comprehensive summary of the 
data available and reviewed by an independent panel of experts in support of the safety of 
theobromine under the intended conditions of use, as well as curricula vitae evidencing the 
qualifications of the members of the panel of experts for evaluating the safety of food 
ingredients, are enclosed. Based on this GRAS determination and consistent with 
proposed 21 CFR 0 170.36 (Notice of a claim for exemption based on a Generally 
Recognized as Safe (GRAS) determination) published in the Federal Register (62 FR 
18939-1 8964); the use of theobromine in food as described in the notice is exempt 
from the requirement of premarket approval. 

I am submitting in triplicate, as the contact and agent to the notifier, Theocorp Holding 
Company, LLC, a GRAS Notification for theobromine, for use as an ingredient in bread 
(1 5 mg/serving), ready-to-eat, instant and regular oatmeal breakfast cereals (30 
mglserving), sports and isotonic beverages (60 mg/serving), meal-replacement beverages 
(non-milk and milk- based; non-chocolate; 75 mg/serving)), vitamin, enhanced and regular 
bottled waters (40 mgherving), chewing gum (1 0 mg/serving), bottled tea (40 mg/serving), 
soy milk (40 mgherving), gelatins (40 mgherving), hard candy mints (5 mg/serving), 
yogurt (non-chocolate; (50 mgkerving) and yogurt drinks (25 mgkerving) , fruit smoothies 
and powdered fruit-flavored drinks, (50 mgherving). 

On April 27,2010 Theocorp Holding Company, LLC met with Agency staff members to 
inform the Center for Food Safety and Applied Nutrition (CSFAN) about theobromine 
(3,7-dimethylxanthine) and to discuss the rationale for theobromine being GRAS. As part 
of the FDA GRAS notification process, Theocorp is now submitting the enclosed GRAS 
Notice for theobromine. 

Should you have any questions regarding this GRAS Notice, please contact me at 717-243- 
9216. 
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Deputy Director, Division of Biotechnology and GRAS Notice Re
Office of Food Additive Safety (HFS-255)
Center for Food Safety and Applied Nutrition
U.S. Food and Drug Administration
5100 Paint Branch Parkway
College Park, MD 20740-3835

Dear Dr. Martin:

Theocorp Holding Company, LLC has developed and intends to market theobromine. As
defined in the attached GRAS Notice, theobromine is GRAS on the basis of scientific
procedures under specific conditions of use as a food ingredient. Information setting forth
the basis for the GRAS determination, which includes a comprehensive summary of the
data available and reviewed by an independent panel of experts in support of the safety of
theobromine under the intended conditions of use, as well as curricula vitae evidencing the
qualifications of the members of the panel of experts for evaluating the safety of food
ingredients, are enclosed. Based on this GRAS determination and consistent with
proposed 21 CFR § 170.36 (Notice of a claim for exemption based on a Generally
Recognized as Safe (GRAS) determination) published in the Federal Register (62 FR
18939-18964); the use of theobromine in food as described in the notice is exempt
from the requirement of premarket approval.

I am submitting in triplicate, as the contact and agent to the notifier, Theocorp Holding
Company, LLC, a GRAS Notification for theobromine, for use as an ingredient in bread
(15 mg/serving), ready-to-eat, instant and regular oatmeal breakfast cereals (30
mg/serving), sports and isotonic beverages (60 mg/serving), meal-replacement beverages
(non-milk and milk- based; non-chocolate; 75 mg/serving)), vitamin, enhanced and regular
bottled waters (40 mg/serving), chewing gum (10 mg/serving), bottled tea (40 mg/serving),
soy milk (40 mg/serving), gelatins (40 mg/serving), hard candy mints (5 mg/serving),
yogurt (non-chocolate; (50 mg/serving) and yogurt drinks (25 mg/serving) , fruit smoothies
and powdered fruit-flavored drinks, (50 mg/serving).

On April 27, 2010 Theocorp Holding Company, LLC met with Agency staff members to
inform the Center for Food Safety and Applied Nutrition (CSFAN) about theobromine
(3,7-dimethylxanthine) and to discuss the rationale for theobromine being GRAS. As part
of the FDA GRAS notification process, Theocorp is now submitting the enclosed GRAS
Notice for theobromine.

Should you have any questions regarding this GRAS Notice, please contact me at 717-243
9216.
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Email: tarkagroup@comcast.net • Web: www.tarkagroup.com
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Sincerely, ,/'

M.T{tku,Jr., Ph.D. 
President
The Tarka Group, Inc.

cc: Arman Sadeghpour, Ph.D., Theocorp Holding Company, LLC, Metairie, LA

Enclosures: Three paper copies of the GRAS Notice for theobromine.
One CD containing the GRAS Notice for theobromine , the Expert Panel
Report including the Curricula vitae of the expert panel members.
The Intake Assessment Report prepared by CanTox Health Sciences

~~~

President
The Tarka Group, Inc.

cc: Arman Sadeghpour, Ph.D., Theocorp Holding Company, LLC, Metairie, LA

Enclosures: Three paper copies of the GRAS Notice for theobromine.
One CD containing the GRAS Notice for theobromine, the Expert Panel
Report including the Curricula vitae of the expert panel members.
The Intake Assessment Report prepared by CanTox Health Sciences
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GRAS NOTIFICATION 

I. Claim of GRAS Status 

A. Claim of Exemption from the Requirement for Premarket Approval 
Requirements Pursuant to Proposed 21 CFR § 170.36(c)(1) 

Theocorp Holding Company, LLC (the notifier) has determined that 
theobromine (3,7-dihydro-3,7-dimethyl-1H-purine-2,6-dione), the primary 
methylxanthine naturally found in products of the cacao tree (Theobroma 
cacao), beans and shells, and in much smaller amounts in tea, coffee and 
cola nuts, is Generally Recognized As Safe, consistent with Section 201(s) 
of the Federal Food, Drug, and Cosmetic Act.  This determination is based 
on scientific procedures as described in the following sections, under the 
conditions of its intended use in food. Therefore, the use of theobromine is 
exempt from the requirement of premarket approval. 

 

 Signed, 

 

  

 _________________________        Date_______________ 

 Stanley M. Tarka, Jr., Ph.D. 

 Agent and FDA contact for: 

                Theocorp Holding Company, LLC 

                  3512 8th Street 

                  Metairie, LA 70002 
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GRAS NOTIFICATION 

1. Claim of GRAS Status 

A. Claim of Exemption from the Requirement for Premarket Approval 
Requirements Pursuant to Proposed 21 CFR 9 170.36(~)(1) 

Theocorp Holding Company, LLC (the notifier) has determined that 
theobromine (3,7-dihydro-3,7-dimethyl-l H-purine-2,6-dione), the primary 
methylxanthine naturally found in products of the cacao tree (Theobroma 
cacao), beans and shells, and in much smaller amounts in tea, coffee and 
cola nuts, is Generally Recognized As Safe, consistent with Section 201 (s) 
of the Federal Food, Drug, and Cosmetic Act. This determination is based 
on scientific procedures as described in the following sections, under the 
conditions of its intended use in food. Therefore, the use of theobromine is 
exempt from the requirement of premarket approval. 

Signed, 

Agent and FDA contact for: 

Theocorp Holding Company, LLC 

3512 8th Street 

Metairie, LA 70002 
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I. Claim of GRAS Status

GRAS NOTIFICATION

A. Claim of Exemption from the Requirement for Premarket Approval
Requirements Pursuant to Proposed 21 CFR § 170.36(c)(1)

Theocorp Holding Company, LLC (the notifier) has determined that

theobromine (3,7-dihydro-3,7-dimethyl-1 H-purine-2,6-dione), the primary

methylxanthine naturally found in products of the cacao tree (Theobroma

cacao), beans and shells, and in much smaller amounts in tea, coffee and

cola nuts, is Generally Recognized As Safe, consistent with Section 201 (s)

of the Federal Food, Drug, and Cosmetic Act. This determination is based

on scientific procedures as described in the following sections, under the

conditions of its intended use in food. Therefore, the use of theobromine is

exempt from the requirement of premarket approval.

Signed,

Stanley M. Tarka, Jr., Ph.D.

Agent and FDA contact for:

Theocorp Holding Company, LLC

3512 8th Street

Metairie, LA 70002
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B. Name and Address of Notifier: 

Arman Sadeghpour, Ph.D. 

President & CEO 

Theocorp Holding Company, LLC  

3512 8th Street 

Metairie, LA 70002 

Phone: 504-338-7881 

Fax:      504-885-0729 

E-mail: arman@theo-corp.com 

C. Common or usual name of the notified substance: 

Theobromine 

D. Conditions of use: 

Theobromine is intended to be added as an ingredient to food. Theocorp 
Holding Company, LLC proposes to use a highly purified synthetic 
theobromine in several foods (when not precluded by a Standard of 
Identity) at a level of 5-75 mg/serving (reference amounts customarily 
consumed, 21CFR 101.12) in bread, ready-to-eat, instant and regular 
oatmeal breakfast cereals, sports and isotonic beverages, meal-
replacement beverages (non-milk and milk- based; non-chocolate), vitamin, 
enhanced and regular bottled waters, chewing gum, bottled tea, soy milk, 
gelatins, hard candy mints, yogurt (non-chocolate and yogurt drinks), fruit 
smoothies and powdered fruit-flavored drinks. The intended use of 
theobromine in the above mentioned food categories is estimated to result 
in a daily intake for “users only” at mean and 90th percentile intakes of 150 
mg/person [2.7 mg/kg body weight (bw)/day] and 319 mg/person (5.8 
mg/kg bw/day), respectively. 

E. Basis for GRAS Determination: 

In accordance with 21CFR § 170.30, the intended use of theobromine has 
been determined to be generally recognized as safe (GRAS) based on 
scientific procedures. This GRAS determination is based on data generally 
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available in the public domain pertaining to the safety of theobromine, as 
discussed herein and in the accompanying documents, and on a consensus 
among a panel of experts1who are qualified by scientific training and 
experience to evaluate the safety of theobromine as a component of food 
[see Appendix I- Expert Panel Report, entitled  [“THE SAFETY AND THE 
GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF THE 
PROPOSED USES OF THEOBROMINE (3, 7-DIMETHYLXANTHINE) IN 
CERTAIN SELECTED FOOD CATEGORIES"]. A comprehensive search of 
the scientific literature was also conducted for this review. There is 
sufficient qualitative and quantitative scientific evidence, including human 
and animal data, to determine safety-in-use for theobromine. The safety 
determination of theobromine is based on the totality of available scientific 
evidence. 

F. Availability of Information: 

The data and information that forms the basis for this GRAS determination 
will be provided to the Food and Drug Administration upon request and are 
located at the office of:  

  Stanley M. Tarka, Jr., Ph.D. 

  The Tarka Group, Inc. 

  210 N. Old Stone House Road 

  Carlisle, PA 17015-8517 

  (Ph): 717-243-9216 

  (Fax): 702-993-5458 

  tarkagroup@comcast.net 

                                                 

1 The panel of experts consisted of Joseph F. Borzelleca, Ph.D. (Virginia Commonwealth University 
School of Medicine), John A. Thomas, Ph.D., F.A.C.T. (Indiana University School of Medicine), and 
Stanley M. Tarka, Jr., Ph.D. (The Tarka Group, Inc. and Pennsylvania State University College of 
Medicine). 
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Should the FDA have any questions or additional information requests 
regarding this notification, Theocorp will supply these data and information. 

 

II. Detailed Information About the Identity of the Notified Substance: 

A. Chemical name 

Theobromine is a white fine powder and contains a minimum of 99% 
theobromine. The Chemical Abstracts Service registry number for 
theobromine is 83-67-0. ChemIDplus  synonym names for theobromine 
include 1H-Purine-2,6-dione, 3,7-dihydro-3,7-dimethyl-; 3,7-Dihydro-3,7-
dimethyl-1H-purine-2,6-dione; 3,7-Dimethylxanthine; Diurobromine; 
Santheose; Teobromin; Theosalvose;Theostene; Thesal; Thesodate 

B. Common Name: 

The subject of this notification will be marketed as theobromine. 

C. Chemical Abstract Registry Number: 83-67-0 

Other Numbers: EINECS Number: 201-494-2; FEMA No. 3591 

 

D. Chemical Formula: 

Molecular Formula                         C7-H8-N4-O2                               
Molecular Weight                           180.164                                           
Elemental                                       Carbon (C):46.67%,                        
Composition                                   Hydrogen (H): 4.48%, 
                                                       Nitrogen (N): 31.10% 
                                                       Oxygen (O): 17.76% 
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E. Structure: 

 

Figure 1. Molecular Structure of Theobromine (3,7-dimethylxanthine) (MW 180.2) 
and the numbering of the xanthine ring structure. 

 

F. Molecular Weight 

Molecular weight of theobromine is 180.164. 

G. Physical Characteristics 

Theobromine is a white fine powder and contains a minimum of 99% 
theobromine. 

 

  Color    white crystalline powder 
 
  Form    fine powder 
 
           Solubility   330 mg/L, water (25°C, Syracuse 
Research        Corporation) 
 
           Partition coefficient  log POW-0.78 (n-octanol/water 24.5°C) 
                         (Syracuse Research Corporation) 
 
           Dissociation constant pKa = 9.9 
     
 
           Melting Point            357°C 
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          Stereo chemical isomers:    None 

 

H. Typical Composition and Specifications 

Typical chemical and microbiological specifications of theobromine are 
presented in Table 1. Batch analyses results for 5 non-consecutive lots of 
theobromine are presented in Table 2. Results demonstrate that the 
manufacturing process and final product are both highly reproducible and 
that the process is capable of producing material that consistently meets 
the specifications.  

 

Table 1  Specifications for Theobromine 

Specification Parameter Specification Method 
Appearance White powder with faint or no odor Conforms 

Identity Conforms to FTIR standard Current USP<197> 

Identity by UV Spectra Conforms to UV standard Current USP<197> 

pH in 10% solution Not more than 7.1 Current USP<791> 

Loss on Drying Not more than 0.2% Current USP<731> 

Total Ash Not more than 0.1% Current USP<561> 

Assay (Theobromine content) Not less than 98.5%  HPLC, LC-MS method  

Other related xanthines/impurities Not more than 1.5% (wt/wt) HPLC method  

Dimethyl sulfate Not more than 1 ppm HPLC method 

Arsenic (As) Not more than 0.5 ppm ICP (AOAC method 
993.14) 

Lead (Pb) Not more than 0.5 ppm ICP (AOAC method 
993.14) 

Mercury (Hg) Not more than 0.5 ppm ICP (AOAC method 
993.14) 

Solvent residues 

Acetone Not more than 30 ppm USP<467> Modified LOD 
HPLC = High Performance Liquid Chromatography;LC-MS= Liquid chromatography-Mass-spectrometry,  ICP-
MS = Inductively Coupled Plasma Mass Spectrometry; IR = Infrared, LOD =Limit of detection.   
1 FCC.  2003.  Food Chemicals Codex (5th Ed.).  National Academy Press (NAP); Washington, DC.   
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Table 1 Microbiological Specifications for Theobromine 

Specification Parameter Specification Analytical Methods 
Standard plate count Not more than 1,000 CFU AOAC (1998) Chapter 4 

Total coliforms Not more than 3 CFU AOAC (1998) Chapter 4 

Fecal coliforms Not more than 3 CFU AOAC (1998) Chapter 4 

Escherichia coli Not more than 10 CFU AOAC (1998) Chapter 4 

Salmonella Negative (in 25 grams) AOAC (2001) Chapter 36 

Staphylococcus Not more than 10 CFU AOAC (2001) Chapter 39 

Yeast Not more than 100 CFU AOAC (2001) Chapter 20 

Mold Not more than 100 CFU AOAC (2001) Chapter 20 
CFU = Colony Forming Unit 
1 AOAC.  1998.  Official Methods of Analysis of the Association of Official Analytical Chemists (16th Ed.).  
Association of Official Analytical Chemists (AOAC), Inc.; Arlington, VA. 
2 AOAC.  2001.  Official Methods of Analysis of the Association of Official Analytical Chemists (17th Ed.).  
Association of Official Analytical Chemists (AOAC); Arlington, Virginia. Vols. 1&2. (2002, Revision 1). 

 

Table 2. Compositional analysis of five different batches of theobromine 

 Test Specification Lot # 106341 

 

Lot # 106449 

 

Lot# 106487 

 

Lot # 106512 

 

Lot # 106538 

 

Appearance White crystalline powder White 
crystalline 
powder 

White 
crystalline 
powder 

White 
crystalline 
powder 

White 
crystalline 
powder 

White 
crystalline 
powder 

Odor None to faint faint faint faint faint faint 

Identity by FTIR Conforms to FTIR 
standard 

Conforms Conforms Conforms Conforms Conforms 

Indentity by UV 
Spectra 

Conforms to UV Spectra Conforms Conforms Conforms Conforms Conforms 

pH in 10% solution Not more than 7.1 7.09 7.05 7.02 7.03 7.04 

Loss on Drying Not more than 0.2% 0.08% 0.10% 0.08% 0.12% 0.11% 

Total Ash Not more than 0.1% 0.04% 0.06% 0.03% 0.04% 0.02% 

Assay 
Theobromine 

 

 

Min. 98.5% 

 

 

99.9% 

 

 

99.4% 

 

 

101.2% 

 

 

99.0% 

 

 

103.4% 

 

Other related 
xanthines/ 

Not more than 1.5% 0 % 0 % 0 % 0 % 0 % 
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impurities 

Dimethyl sulfate Not more than 1 ppm <1 ppm <1 ppm <1 ppm <1 ppm <1 ppm 

Arsenic (As) Max. 0.5 ppm 

 

< 0.5 ppm 

 

< 0.5 ppm 

 

< 0.5ppm 

 

< 0.5 ppm 

 

< 0.5 ppm 

 

 Lead (Pb) Max. 0.5 ppm   0.17ppm 0.18 ppm  0.16 ppm  0.16 ppm  0.17 ppm 

Mercury (Hg) Max. 0.5 ppm < 0.1 ppm < 0.1 ppm < 0.1 ppm < 0.1 ppm < 0.1 ppm 

Solvent residues       

Acetone Max. 30 ppm <30 ppm <30 ppm <30 ppm <30 ppm <30 ppm 

 

 

Table 2. Compositional Analysis (cont.) 

Microbiological  Anaysis 

 

 

FORM/LOT  Lot # 106341 

 

Lot # 106449 

 

Lot# 106487 

 

Lot # 106512 

 

Lot # 106538 

 

 

Aerobic bacteria Max. 1000 
CFU/g 

 

<100 CFU/g <100 CFU/g <100 CFU/g <100 CFU/g <100 CFU/g 

Yeast and Molds Max. 100 
CFU/g 

<10 CFU/g <10 CFU/g <10 CFU/g <10 CFU/g <10 CFU/g 

Enterobacteria Max 10 
CFU/g 

<1 CFU/g <1 CFU/g <1 CFU/g <1 CFU/g <1 CFU/g 

Salmonella spp.  Negative in 
25 g 

Negative Negative Negative Negative Negative 

Escherichia coli 
and coliforms 

Negative 

 in 10 g 

Negative Negative Negative Negative Negative 
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Staphylococcus 
aureus 

Negative in  

10 g 

Negative Negative Negative Negative Negative 

Pseudomonas 
aeruginosa 

Negative in  

10 g 

Negative Negative Negative Negative Negative 

 

 

I. Manufacturing process 
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J. Stability of Theobromine 

 

Theobromine has been shown to possess a high degree of stability in 
cacao, chocolate and tea products, after thermal processing and in purified 
form stored at room temperature. No interactions are anticipated in 
intended food uses. Only at extreme pHs that would not occur in these 
foods, would it complex to form salts with anionic compounds. 

 

III. Intended Technical Effects 

  
Theocorp Holding Company, LLC proposes to use a highly purified 
theobromine in several foods (when not precluded by a Standard of 
Identity) at a level of 5-75 mg/serving in the following foods: bread, 
ready-to-eat, instant and regular oatmeal breakfast cereals, sports and 
isotonic drinks, vitamin and enhanced bottled waters, chewing gum, 
bottled tea, soy milk, gelatins, hard mint candy, meal replacement 
beverages (milk and non-milk based; non-chocolate), yogurt (non-
chocolate and yogurt drinks), fruit smoothies, and powdered fruit-
flavored drinks. These foods are further specified in Table 4.  

 17
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Table 4. Summary of the Individual Proposed Food-Uses and Use-Levels for Theobromine in the U.S. 

Food Category Proposed Food-Uses Theobromine 
Level 

(mg/serving) 

Serving 
Size 

(g or mL) 

Use-
Levels 

(%) 
Baked Goods and Baking 
Mixes 

Bread 15 252 0.060 

Instant and Regular Oatmeal  30 372 0.13 Breakfast Cereals 

Ready-to-Eat Cereals 30 302 0.10 

Sports and Isotonic Drinks 60 4882 0.012 Beverages and Beverage 
Bases Meal Replacement Beverages, 

Non Milk-Based 
75 240 0.031 

Bottled Water Vitamin, Enhanced, and Bottled 
Waters 

40 240 0.017 

Chewing Gum Chewing Gum 10 3 0.33 

Coffee and Tea Tea 40 4882 0.0082 

Dairy Product Analogs Soy Milk 40 250 0.016 

Gelatins, Puddings, and 
Custard 

Gelatin 40 852 0.047 

Hard Candy Mints 5 2 0.25 

Meal Replacement Beverages, 
Milk-Based 

75 240 0.031 

Yogurt (fresh, not-chocolate) 50 1702 0.029 

Milk Products 

Yogurt Drinks3 25 282 0.089 

Fruit Smoothies 50 3662 0.014 Processed Fruits and Fruit 
Juices Powdered Fruit-Flavored Drinks 50 82 0.62 
1 Unless otherwise indicated serving sizes were based on the Reference Amounts Customarily Consumed per 
Eating Occasion (RACC) (21 CFR §101.12 - CFR, 2009b). When a range of values is reported for a proposed 
food-use, particular foods within that food-use may differ with respect to their RACC. 

2 Serving size provided by The Tarka Group, Inc. and obtained from USDA Nutrient databases as well as 
manufacturers products. 

3 Food codes from yogurt drinks are not included in the NHANES survey data and therefore codes for dairy-
based fruit smoothie drinks were employed as surrogate codes. 

 
 

IV. Self-Limiting Levels of Use 

 

Theobromine is intended to be used in certain specified foods at 
prescribed amounts per serving. As such, its use level in these foods will 
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be limited by defined amounts/serving not to exceed 75 mg 
theobromine/serving at its highest use level for one particular food use. 
Theobromine's astringency and metallic aftertaste also will preclude the 
formulation of food products with higher levels that would be unacceptable to 
the consumer.  

 

 

V. Basis for GRAS Determination 

A. Documentation to Support the Safety of Theobromine 

The determination that theobromine is GRAS is on the basis of 
scientific procedures, and the information supporting the general 
recognition of the safe use of theobromine includes: 

• A long-standing history (more than three thousand years) of safe 
 consumption of theobromine from cacao and chocolate products, and 
 several other plant sources including teas, coffee and cola nuts as well 
 as the fact that, in human metabolism of caffeine, theobromine is one 
 of the intermediates in biotransformation.  

• Data pertaining to the identity, intended use, and estimated intake of 
 theobromine from both background and intended uses. The exposure 
 to theobromine from both the background and proposed food uses of 
 theobromine is estimated to be no more than 150 mg/person/day at 
 the mean, and 319 mg/person/day at the 90th percentile. 

• Data pertaining to the manufacturing of theobromine [ i.e., it is 
 manufactured in accordance with current Good Manufacturing 
 Practice (cGMP) and meets appropriate food-grade specifications]. 

• Results of published metabolic and pharmacokinetic studies in a number 
of different animal species and in humans, comprehensive toxicological 
safety assessments conducted on both theobromine and a fully 
characterized natural cocoa powder for methylxanthine content (93% of 
which is theobromine) including acute, subchronic and chronic oral 
toxicity/carcinogenicity studies, reproductive and developmental toxicity 
studies, a multi-generation reproductive study and genotoxicity and 
mutagenicity studies all demonstrate a low order of toxicity. Based on the 
findings from the in-depth safety assessment of cocoa powder and 
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theobromine on reproductive and developmental effects, it is concluded 
that these data support a NOAEL for theobromine of about 50 mg/kg 
bw/day. Theobromine is a metabolite of caffeine and is structurally similar to 
caffeine thereby enabling caffeine data to be used in the safety assessment 
of theobromine. There is some similarity in reproductive effects observed in 
laboratory animals albeit at significantly lower levels for caffeine than for 
theobromine. 

• There are multiple published human studies in which subjects consumed 
either sweet chocolate containing theobromine or pure theobromine for 
various time periods and no adverse effects attributable to 
theobromine were reported. Studies in medically ill patients ingesting up 
to 4.5 grams for 2 weeks with no adverse effects reported are 
documented in the literature. 

• Additional published toxicological and nutritional studies on theobromine, 
cocoa products and caffeine from other sources. 

• The regular dietary consumption of cacao and chocolate products, 
teas and coffee all containing theobromine, and by the permitted use 
of theobromine as a flavor in food in the U.S as well as a dietary 
supplement. 

 Moreover, these data were reviewed by a panel of experts, qualified by 
scientific training and experience to evaluate the safety of ingredients as 
components of food, who concluded that the proposed uses of 
theobromine are safe and suitable and are GRAS based on scientific 
procedures [see Appendix A-1, for Expert Panel Report entitled "THE 
SAFETY AND THE GENERALLY RECOGNIZED AS SAFE (GRAS) 
STATUS OF THE PROPOSED USES OF THEOBROMINE (3, 7-
DIMETHYLXANTHIINE) IN CERTAIN SELECTED FOOD 
CATEGORIES"]. A summary of the data is presented herein.   

 

B. Regulatory Status 

 

Theobromine is listed in FDA’s database for Everything Added to Food 
(EAFUS); but there are no regulatory food uses noted. However, on 
January, 18, 1996, TINOS LLC submitted a letter of intent to market 
theobromine as a New Dietary Ingredient and FDA filed this letter as an 
official filing on January 22, 2004. FDA also added a supplemental letter 
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dated April 6, 1996 indicating that if TINOS chose to pursue a claim as 
an appetite suppressant, then this filing did not meet Section 403(r)(6) 
requirements to permit this statement. FDA also went to the point of 
stating in the supplemental letter the Agency’s concern at that time over 
the safety of theobromine as a dietary ingredient. FDA noted that there 
were several animal studies that raise concern about possible effects 
such as inducing testicular atrophy and aspermatogenesis and, at that 
time, they did not consider these concerns resolved. These FDA 
concerns referring to specific studies with possible effects are covered 
as a part of the current safety assessment along with recent research 
findings that address the magnitude of theobromine that must be 
consumed to achieve target organ toxicity. It should be noted that 
theobromine is covered by this 1996 filing as a dietary supplement, and 
is thus exempt from FDA regulatory requirements for the safety of food 
additives when used as a dietary supplement. Theobromine is currently 
being sold on various websites online for use as a dietary supplement 
where recommended use levels can be as high as 500 mg taken 2 
times per day. It is also permitted for use as a flavor in certain specified 
foods in the U.S. with an assigned Flavor Extract Manufacturers 
Association (FEMA) Number 3591 and reported uses for the following 
food categories: baked goods; confection, frosting; gelatins, puddings; 
milk products; soft candy; and sweet sauce and a possible maximum 
average daily dietary intake (PADI) from these uses based on MRCA 
data of 87 mg.  

 

C. Intake Estimates 

i. Estimated Daily Background Intake of Theobromine from the 
Diet 

The USDA nutrient database was combined with the NHANES 2003-2004, 
2005-2006 dietary intake data to estimate the background intake of 
theobromine. Approximately 65.1% of the total U.S. population was 
identified as potential consumers of theobromine on a regular basis. 
Consumption of a standard diet by the total U.S. population resulted in 
estimated daily mean all-person and all-user intakes of theobromine of 43 
mg/person/day (0.8 mg/kg body weight/day) and 61 mg/person/day 
(1.1 mg/kg body weight/day), respectively.  The estimated daily 90th 

percentile all-person and all-user intakes of theobromine within the total 
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population were 123 mg/person/day (2.2 mg/kg body weight/day) and 147 
mg/person/day (2.9 mg/kg body weight/day), respectively. 

 

Table 4- 1 Summary of the Estimated Daily Intake of Theobromine from All Background Sources in the 
U.S. by Population Group (2003-2004, 2005-2006 NHANES Data)a 

All-Person 
Consumption (mg) 

All-User 
Consumption (mg) 

Population 
Group 

Age Group 
(Years) 

% 
Users 

Actual # of 
Total Users 

Mean 90th 
Percentile 

Mean 90th 
Percentile 

Infants 0 to 2 37.9 705 18 57 41 111 

Children 3 to 11 78.8 2,153 61 150 74 158 

Female 
Teenagers 

12 to 19 69.2 1,375 44 111 61 136 

Male 
Teenagers 

12 to 19 66.4 1,289 52 159 75 199 

Female Adults 20 and Up 68.0 2,911 40 115 55 133 

Male Adults 20 and Up 62.4 2,397 40 122 61 152 

Total 
Population 

All Ages 65.1 10,830 43 123 61 147 

aData excerpted from Cantox Report, 2010 (Appendix I) 

 

The intake of theobromine from the typical diet was most prevalent among 
children with 78.8% of this population group identified as consumers of foods 
containing theobromine.  Within the individual population groups, the largest 
mean daily all-person intake of theobromine was identified as occurring in 
children with an intake of 61 mg/person/day.  The largest mean daily all-user 
intake was observed to occur in male teenagers for whom the background 
daily intake of theobromine was equivalent to 75 mg/person/day.  Infants 
displayed the lowest estimate for the mean daily all-person and all-user intakes 
of theobromine on an absolute basis with values of 18 and 41 mg/person/day, 
respectively.  On a body weight basis, estimated mean daily all-person intake 
of theobromine was observed to be highest in children at 2.3 mg/kg body 
weight/day while the highest estimate for the mean daily all-user intake of 
theobromine was observed to occur in infants at 3.2 mg/kg body weight/day.  
The lowest all-person and all-user mean daily intakes of theobromine on a per 
kilogram body weight basis were observed to occur in male adults at 0.5 and 
0.7 mg/kg body weight/day, respectively.  
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Table 4- 2 Summary of the Estimated Daily per Kilogram Body Weight Intake of Theobromine from All 
Background Sources in the U.S. by Population Group (2003-2004, 2005-2006 NHANES 
Data)a 

All-Person Consumption 
(mg/kg) 

All-User Consumption 
(mg/kg) 

Population 
Group 

Age 
Group 
(Years) 

% 
Users 

Actual 
# of 

Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 37.9 705 1.4 4.6 3.2 8.1 

Children 3 to 11 78.8 2,153 2.3 5.6 2.8 6.2 

Female 
Teenagers 

12 to 19 69.2 1,375 0.8 2.0 1.1 2.3 

Male Teenagers 12 to 19 66.4 1,289 0.9 2.6 1.2 3.2 

Female Adults 20 and Up 68.0 2,911 0.6 1.6 0.8 1.9 

Male Adults 20 and Up 62.4 2,397 0.5 1.4 0.7 1.8 

Total Population All Ages 65.1 10,830 0.8 2.2 1.1 2.9 

aData excerpted from Cantox Report, 2010 (Appendix I) 

 

When heavy consumers (90th percentile) were assessed, the largest daily all-
person and all-user intakes of theobromine were determined to occur in male 
teenagers at 159 and 199 mg/person/day, respectively.  The lowest 90th 
percentile all-person and all-user mean daily intakes of theobromine were 
identified in infants, with values of 57 and 111 mg/person/day, respectively, on 
an absolute basis.  On a body weight basis, children and infants were 
determined to have the greatest all-person and all-user 90th percentile intakes 
of theobromine respectively, with values of 5.6 and 8.1 mg/kg body weight/day, 
respectively.  The lowest all-person and all-user 90th percentile intakes of 
theobromine on a body weight basis were observed to occur in male adults 
with intakes of 1.4 and 1.8 mg/kg body weight/day, respectively. 

 

ii. Estimated Daily Intake of Theobromine from Background 
and Proposed Food Uses 
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The estimated total intake of theobromine from all proposed food-uses in 
combination with the existing levels presented in foods in the U.S. by 
population group is summarized in Table 4-3.  Table 4-4 presents these data 
on a per kilogram body weight basis.   

Approximately 94.6% of the total U.S. population was identified as potential 
consumers of theobromine from either the proposed food-uses or naturally 
occurrence in foods (15,737 actual users identified). Consumption of all of 
these types of foods by the total U.S. population resulted in estimated mean 
all-person and all-user intakes of theobromine of 145 and 150 mg/person/day, 
respectively, equivalent to 2.6 and 2.7 mg/kg body weight/day, respectively, on 
a body weight basis.  The 90th percentile all-person and all-user intakes of 
theobromine from all proposed food-uses and naturally occurring levels by the 
total population were 314 and 319 mg/person/day, respectively, or 5.7 and 5.8 
mg/kg body weight/day, respectively.   

Children represented the population group containing the largest percentage of 
theobromine consumers based on the background levels and proposed food 
uses with 99.3% of individuals within this groups identified as potential 
theobromine consumers.  A high percentage of potential theobromine users 
were also identified in male and female adults and teenagers with more than 
96% of these population groups identified as potential consumers of 
theobromine.  On an individual population basis, the greatest mean all-person 
and all-user intakes of theobromine on an absolute basis were determined to 
occur in male teenagers, at 157 and 161 mg/person/day, respectively.  Infants 
continue to be the population group with the lowest identified intake of 
theobromine with mean all-person and all-user intakes of theobromine of 63 
and 77 mg/person/day, respectively.  On a body weight basis, the mean all-
person estimate for the intake of theobromine was highest in children at 5.6 
mg/kg body weight/day.  The mean all-user estimate for the intake of 
theobromine was highest in infant at 6.3 mg/kg body weight/day.  The lowest 
all-person and all-user mean intakes of theobromine on a per kilogram body 
weight basis was observed to occur in male adults with a values of 1.8 and 1.9 
mg/kg body weight/day, respectively.  
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Table 4- 3  Summary of the Estimated Daily Intake of Theobromine from All Background Sources and 
Proposed Food Uses in the U.S. by Population Group (2003-2004, 2005-2006 NHANES Data)a 

All-Person Consumption 
(mg) 

All-User Consumption 
(mg) 

Population Group Age Group 
(Years) 

% 
Users 

Actual # 
of Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 74.3 1,381 63 154 77 170 

Children 3 to 11 99.3 2,713 148 285 149 285 

Female Teenagers 12 to 19 97.2 1,931 133 275 137 280 

Male Teenagers 12 to 19 96.8 1,877 157 329 161 335 

Female Adults 20 and Up 96.7 4,142 144 318 148 321 

Male Adults 20 and Up 96.1 3,693 155 339 160 341 

Total Population All Ages 94.6 15,737 145 314 150 319 

aData excerpted from Cantox Report, 2010 (Appendix I) 

 

When heavy consumers (90th percentile) were assessed, all-person and all-
user intakes of theobromine from all proposed food-uses and background 
sources were determined to be greatest in male adults at 339 and 341 
mg/person/day, respectively.  The lowest 90th percentile all-person and all-user 
intake estimates were identified as occurring in infants, with values of 154 and 
177 mg/person/day, respectively, on an absolute basis.  On a body weight 
basis, infants were determined to have the greatest all-person and all-user 90th 
percentile intakes of theobromine with values of 12.7 and 14.1 mg/kg body 
weight/day, respectively.  The lowest all-person and all-user 90th percentile 
intakes of theobromine on a body weight basis were observed in male adults 
with intake values of 4.0  and 4.1 mg/kg body weight/day, respectively. 
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Table 4- 4  Summary of the Estimated Daily per Kilogram Body Weight Intake of Theobromine from All 
Background Sources and Proposed Food Uses in the U.S. by Population Group (2003-2004, 2005-
2006 NHANES Data)a 

All-Person Consumption 
(mg/kg bw) 

All-User Consumption 
(mg/kg bw) 

Population Group Age Group 
(Years) 

% 
Users 

Actual # 
of Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 74.3 1,381 5.1 12.7 6.3 14.1 

Children 3 to 11 99.3 2,713 5.6 10.9 5.7 10.9 

Female Teenagers 12 to 19 97.2 1,931 2.3 4.7 2.3 4.7 

Male Teenagers 12 to 19 96.8 1,877 2.5 5.5 2.5 5.5 

Female Adults 20 and Up 96.7 4,142 2.0 4.4 2.1 4.5 

Male Adults 20 and Up 96.1 3,693 1.8 4.0 1.9 4.1 

Total Population All Ages 94.6 15,737 2.6 5.7 2.7 5.8 
aData excerpted from Cantox Report, 2010 (Appendix I) 

 

iii. Estimated Daily Intake of Theobromine from Individual 
Proposed Food-Uses 

The Cantox Report (Appendix I) provides estimated daily intake of 
theobromine from individual proposed food-uses on the basis of All-Person 
and All User intakes.  

1. All-Person Intakes 

Estimates for the mean and 90th percentile daily intakes of theobromine 
from each individual proposed food-use are summarized on a mg/day and 
mg/kg body weight/day basis, respectively.  The total U.S. population was 
identified as being significant consumers of bread (67.6% users), ready-to-
eat cereals (42.3% users), and vitamin, enhanced, and bottled waters 
(22.5% users).   

Consumption of vitamin, enhanced, and bottled waters provided the largest 
mean and 90th percentile all-person intakes of theobromine at 28 and 
105 mg/person/day, respectively, within the total U.S. population.  The 
intakes were equivalent to 0.41 and 1.85 mg/kg body weight/day on a body 
weight basis.  In addition, high mean and 90th percentile all-person intakes 
of theobromine resulted from the consumption of bread (20 and 28 
mg/person/day, respectively), ready-to-eat cereals (15 and 36 
mg/person/day, respectively), and powdered fruit-flavored drinks (12 and 
135 mg/person/day, respectively).  On a body weight basis, mean and 90th 
percentile all-person intakes for bread were 0.34 and 0.50 mg/kg body 
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weight/day, for ready-to-eat cereals were 0.29 and 0.10 mg/kg body 
weight/day, and for powdered fruit-flavored drinks were 0.22 and 0.43 
mg/kg body weight/day, respectively.   

Within the individual population groups, the highest mean all-person 
intakes of theobromine resulting from consumption of any individual 
proposed food uses were determined to result from the consumption of 
vitamin, enhanced, and bottled waters in male and female adults and 
teenagers.  The consumption of ready-to-eat cereals produced the greatest 
mean all-person intakes of theobromine in children and infants. For the 90th 
percentile intake of theobromine, the consumption of vitamin, enhanced, 
and bottled waters again produced the largest intake of theobromine in 
male and female adults and female teenagers, with the consumption of 
ready-to-eat cereals producing the largest intake of theobromine in male 
teenagers, children, and infants.  The highest mean and 90th percentile 
all-person intakes of theobromine resulting from the consumption of any 
individual proposed food use for theobromine were observed to occur in 
reported in female adults consuming vitamin, enhanced, and bottled waters 
which produced an intake estimates of 35 and 138 mg/person/day, 
respectively.  On a body weight basis, consumption of ready-to-eat cereals 
by children led to the highest estimates for the mean and 90th percentile all-
person intake of theobromine at 0.82 and 1.96 mg/kg body weight/day, 
respectively.  

 

2. All-User Intakes 

Estimates for the mean and 90th percentile daily all-user intakes of 
theobromine by the total population (all ages) from each of the individual 
food-uses on a mg/person/day and mg/kg body weight/day basis, 
respectively were provided.  For all-user intakes, the contribution of each 
food-use to the overall intake is a function of both the estimated intake of 
theobromine resulting from the consumption of the food, as well as the 
percentage of users identified as consumers of the food.  For example, 
within the total population, the consumption of fruit smoothies resulted in an 
estimated mean all-user theobromine intake of 192 mg/person/day; 
however, only 164 users (1.0% of the total population) of fruit smoothies 
meal replacement drinks were identified and therefore, the contribution of 
this food-use to the mean all-user intake of theobromine was not as 
important as the contribution of powdered fruit-flavored drinks with an 
intake of 135 mg/person/day in 1,704 users (10.2% of the population). 
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The consumption of vitamin, enhanced, and bottled waters made the 
greatest contribution to the mean and 90th percentile all-user intakes of 
theobromine at 126 and 281 mg/person/day, respectively, equivalent to 
1.85 and 3.91 3.83 mg/kg body weight/day, respectively.  Of the other 
proposed food-uses, the consumption of bread, ready-to-eat cereals, and 
powdered fruit-flavored drinks also made significant contributions to the 
estimates for the mean (27, 36, and 135 mg/person/day, respectively) and 
90th percentile (54, 69, and 291 mg/person/day, respectively) all-user 
intake of theobromine by the total population.  On a body weight basis,  
these intakes were equivalent to 0.47, 0.72, and 2.53 mg/kg body 
weight/day at the mean and 0.94, 1.50 and 5.13 mg/kg body weight/day at 
the 90th percentile. 

Within the individual population groups, the consumption of instant and 
regular oatmeal and ready-to-eat cereals made the most significant 
contribution to the estimates for the mean intake of theobromine in infants 
and children, respectively.  At the 90th percentile, the consumption of 
instant and regular oatmeal and powdered fruit-flavored drinks made the 
most significant contribution to the all-user intake in infants and children, 
respectively.  The consumption of vitamin, enhanced, and bottled waters 
was observed to make the most significant contribution to the mean and 
90th percentile all-user intake of theobromine in male and female teenagers 
and adults.  Female adults consuming vitamin, enhanced, and bottled 
waters made the largest contribution to the estimates for the mean and 90th 
all-user intake of theobromine with values of 142 and 311 mg/person/day, 
respectively.  On a per kilogram body weight basis, infants consuming 
instant and regular hot oatmeal experienced the highest statistically reliable 
mean and 90th percentile all-user intakes of theobromine at 7.14 and 
14.06 mg/kg body weight/day, respectively. 

The estimated intakes of theobromine were considered statistically 
unreliable if the CV was equal to or greater than 30% or the sample size 
was less than 30 individuals.  Soy milk, yogurt drinks, fruit smoothies, and 
meal replacement beverages (milk based and non-milk based) were food 
categories in which the intakes were statistically unreliable in the infant, 
children, and female and male teenager population groups.  Assessing the 
sample size for all-user intake estimates found the intake for chewing gum 
to be statistically unreliable in infants.  Gelatins also had a low number of 
users in children and male and female teenagers resulting in higher CV 
values. 
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It should be noted that the type of intake methodology employed in 
determining exposure estimates is generally considered to be “worst case” 
as a result of several conservative assumptions made in the consumption 
estimates.  For example, it is often assumed that all food products within a 
food category contain the ingredient at the maximum specified level of use 
when this is not the case. The addition of theobromine to the specified 
foods will result in products that must compete with those already 
established in the particular food category and are highly unlikely to ever 
achieve 100% replacement of existing products.  In addition, it is well 
established that the length of a dietary survey affects the estimated 
consumption of individual users.  Short-term surveys, such as the typical 2- 
or 3-day dietary surveys, overestimate the consumption of food products 
that are consumed relatively infrequently. 

In summary, on an all-user basis, the mean intake of theobromine by the 
total U.S. population from all proposed food-uses was estimated to be 150 
mg/person/day or 2.7 mg/kg body weight/day.  The heavy consumer (90th 
percentile) all-user intake of theobromine by the total U.S. population from 
all proposed food-uses was estimated to be 319 mg/person/day or 
5.8 mg/kg body weight/day. These compare to estimated background 
levels from mean and 90th percentile current dietary consumption levels of 
61 mg/person/day (1.1 mg/kg body weight/day) and 147 mg/person/day 
(2.9 mg/kg body weight/day), respectively. 

 

D. Absorption, Distribution, Metabolism (Biotransformation) and 
Excretion (ADME) 

The pharmacology and toxicology of theobromine and other methylxanthines 
have been reviewed by Tarka (1982), Nehlig and Debry (1992), Sawynok and 
Yaksh (1993), Fredholm (1995), Sawynok (1995), Garrett and Griffiths (1997), 
Eteng et al. (1997) and Fredholm et al. (1999). Theobromine salts, at doses 
of 300 to 600 mg per day, were previously used in humans as dilators for 
coronary arteries (Moffat, 1986). There is no current therapeutic use of 
theobromine in human medicine. In some studies reported in this section, 
cocoa products were used. It should be noted that these contain caffeine in 
addition to theobromine and that some of the biological effects observed may 
be ascribed to caffeine. 

In comparison with the methylxanthines caffeine (1,3,7-trimethylxanthine) and 
theophylline (1,3-dimethylxanthine), the action of theobromine (3,7-
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dimethylxanthine) on the central nervous system is weak. While the main 
molecular target of caffeine and theophylline is their antagonistic effect on 
adenosine receptors, in particular A1, A2A, and A2B subtypes, theobromine 
is a weak antagonist with a two- and threefold lower affinity to A1 and A2A 
receptors than caffeine (Snyder et al., 1981; Carney, 1982; Carney et 
al.,1985; Shi and Daly, 1999; Fredholm et al., 1999; Fredholm, 2007).  In 
mice, theobromine did not, as compared to caffeine, elicit changes in density 
of adenosine receptors or downstream alterations in other receptors (Shi and 
Daly, 1999). At doses higher than those associated with adenosine receptor 
antagonism, caffeine and theophylline, inhibited phosphodiesterase 
(Fredholm et al., 1999). Theobromine is apparently a weak inhibitor of 
phosphodiesterase as it does not interfere with adenosine 3´,5´-phosphate 
cyclic AMP signaling as do other xanthines (Robinson et al., 1967; Heim and 
Ammon, 1969). Theobromine and its derivatives act as smooth-muscle 
relaxants, diuretics, cardiac stimulants, and coronary vasodilators (Merck 
Index, 2006). The diuretic action of theobromine, which is brought about by 
increased glomerular filtration rate and inhibited reabsorption of sodium and 
water, is more sustained than that of theophylline, but less pronounced 
(Fredholm, 1984). Theobromine in chocolate may cause heartburn upon 
relaxation of the lower esophageal sphincter resulting in reflux of acid gastric 
contents (Babka and Castell, 1973). 

 

i. Absorption and Distribution 

The absorption, distribution, metabolism and excretion of theobromine have 
been investigated in mice, rats, rabbits, dogs, horses and humans. Most 
studies were performed with the pure compound. 

Theobromine is well absorbed (>90%) from the gastrointestinal tract of 
humans, mice, rats, rabbits, and dogs with bioavailability close to unity 
(Miller et al., 1984; Walton et al., 2001; Dorne et al., 2001). Theobromine is 
distributed throughout the total body water with a volume of distribution of <1 
L/kg b.w. In humans, the bound and unbound volumes of distribution are 
0.68 and 0.8 L/kg b.w., respectively (Lelo et al., 1986). 

ii. Biotransformation 

 

Biotransformation of theobromine occurs in the liver with minimal first pass 
elimination (Yesair et al.,1984). The major routes of theobromine 
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metabolism, in humans, mice, rats, rabbits, dogs are 3- and 7-N-
demethylation. The demethylation generates 3- and 7- methylxanthine, 
compounds which are further oxidized to their respective methyluric acids. 
Theobromine may also be C8-oxidized to 3,7-dimethyluric and 6-amino-5- 
(N methylformylamino)-1-methyluracil (6-AMMU), respectively (Figure 3). 

 

In humans, the uptake following oral administration of methylxanthines is: 3-
N-demethylation reaction (50 to 60 %), the 7-N-demethylation (about 20%), 
and the C-8 oxidation (<15%) of the oral dose. The cytochrome P-450 (CYP) 
isoforms involved in these reactions are CYP1A2 for the 3-N-demethylation, 
CYP1A2 and CYP2E1 for the 7-N-demethylation and CYP2E1 for the C- 8 
oxidation (Gates and Miners., 1999; Dorne et al., 2001; Walton et al., 2001). 
Overall, CYP1A2 play a major role in the human metabolism of theobromine 
(Walton et al., 2001). 

 

The CYP isoforms that are involved in theobromine metabolism have 
not been identified in the non-human species studied. However, when 
induced, CYP1A is involved in 3-N demethylation of theobromine in the 
rat (Walton et al., 2001); no information is available for the mouse, 
rabbit or dog. The CYP isoforms that are responsible for the 3- and 7-
N-demethylation reactions of caffeine and theophylline in these species 
have been characterized (Walton et al., 2001). 

  

Metabolic Disposition in Animal Species 

 

Although, the general routes for demethylation and C-8 oxidation are mostly 
common to humans and non-human species, there are considerable 
quantitative species differences in the metabolism and excretion of 
theobromine. 

 

In the rat, theobromine is excreted in the urine mainly as the parent 
compound (~30-50%) (Miller et al., 1984). The major biotransformation route 
is C8-oxidation; N demethylation is a minor route (~10% of the dose). The 
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limited data available suggests that C8-oxidation of theobromine in the rat is 
catalyzed by a cytochrome P450, although it is unclear if this is CYP1A2 
(Miller et al., 1984). Shively and Tarka (1983) described the metabolic 
disposition of theobromine and its metabolites in female pregnant and non-
pregnant rats given doses of 5, 10, 50, and 100 mg/kg using theobromine 
sodium acetate with 10 µCi [8-14C]TBR as a radioactive tracer. No 
differences between the pregnant and non-pregnant rats were observed in 
either the pharmacokinetics or elimination of theobromine and its 
metabolites. Arnaud and Welsch (1979) reported that the major urinary 
metabolites of theobromine in the rat and in human urine were as follows: 7-
methylxanthine (6%), 7-methyluric acid (4%), 3,7-dimethyluric acid (3%), 6-
amino-5-[N-methylformylamino]-1-methyluracil also known as 6-AMMU 
(36%), and unchanged theobromine (49%). Bonati et al. (1984) reported 
similar data for the kinetics and metabolism in male rats. 

 

Miller et al. (1984) provided comparative information on theobromine 
metabolism in five mammalian species including the dog, rabbit, hamster, 
rat, and mouse. Theobromine was most extensively metabolized by rabbits 
and male mice. The primary metabolite excreted by rats and mice was the 6-
AMMU; the conversion was greater in male mice than in female mice. 
Rabbits and dogs metabolized theobromine primarily to 7-methylxanthine 
and 3-methylxanthine respectively; the major metabolites excreted by 
hamsters were 6-AMMU and 7-methylxanthine. The dog excretes a large 
proportion of an oral dose of theobromine unchanged in the urine (~37%) 
and predominantly 7-N-demethylates the rest, generating 3-methylxanthine 
(Miller et al., 1984). Small quantities of an apparently unique and 
unidentified biotransformation product was found in the dog but not in mice, 
rats, hamsters, and rabbits). Recovery of radioactivity ranged from 60-89% 
of the dose in urine, and from 2-38% of the dose in feces, with most material 
being excreted during the first 48 hr after dosing. About 4-5 hours after 
dosing about 25% of the supplied radiolabelled theobromine had been 
excreted in urine. Excretion of unchanged theobromine was 14 to 37% in 
dog, 32% in rat, 16-22% in mice, and 14% in rabbits. The amount of 
theobromine excreted in feces varies substantially between species: 1.6% in 
rabbits, 4.5% in dogs, 9-12% in mice, and 16% in female rats and 38% in 
male rats. 

 

Demethylation coupled to ring opening and formation of 6-amino-5-(N-
methylformylamino)- 1-methyluracil also constituted an important route of 
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metabolism ranging from 14-28% in mice, 17-18% in rats, 10% in rabbits 
and 7.5% in dogs). Additional major metabolites were 7-methylxanthine in 
the rabbit (36%), and 3- methylxanthine in the dog (20%). Ring N-
demethylation at position 3 predominated over N- 7-demethylation in mice 
and rabbits. Mono- and dimethyluric acids constituted 3.4-4.7% in the rat, 
6.6-8.2% in the mouse, 3.7% in the rabbit, and 5.7% in the dog of total 
metabolites identified. Thus, oxidation of methylated xanthines to the 
corresponding uric acids was a relatively minor metabolic pathway in all 
species, but was highest in mice (Miller et al., 1984). 

 

In dogs, an average plasma half-life of 17.5 hr was reported after single oral 
doses of theobromine ranging from 15 to 150 mg/kg body weight (Gans et 
al., 1980). Latini et al. (1984) evaluated the kinetics and metabolism of 
theobromine in male rabbits after a single oral dose and 14-days continuous 
dosing at 1, 5, 10, 50 and 100 mg/kg body weight /day. Female non-
pregnant and pregnant rabbits were also studied after single oral doses of 1, 
5 and 50 mg/kg body weight. No significant difference was found in the 
pharmacokinetic profile of theobromine due to sex, pregnancy, or oral 
administration for 14-days. There was a reduction in the absorption rate 
constant and an increase in the half-life. No quantitative differences in 
metabolism were observed that could be linked to sex, treatment or 
pregnancy with 25% of the theobromine excreted unchanged; the major 
metabolite was 7-methylxanthine (40%). Only at 100 mg/kg body weight in 
male rabbits and at 50 mg/kg body weight in female rabbits was there a 
tendency toward significant accumulation of theobromine and an increase in 
half-life (from 6 to 8.9 hr). Traina and Bonati (1985) confirmed that the 
pharmacokinetics of theobromine were linear and not dose-dependent up to 
100 mg/kg body weight. Shively and Vesell (1987) demonstrated in 3-
methylcholanthrene-treated rats, the involvement of specific cytochrome P-
450 isozymes in theobromine metabolism with a 59% decrease in 
theobromine half-life, a 75% decrease in Area-under-the-curve (AUC) and a 
284% increase in clearance. Biliary secretion accounted for 5-10% of the 
administered (8-14C) theobromine dose in phenobarbital-induced rats. 

 

It should be noted that genetic polymorphisms of cytochrome P450s, 
particularly CYP1A2, have been reported in humans and in beagle dogs 
(Ghotbi et al., 2007; Tenmizu et al., 2004; Kamimura, 2006). Ten-15% of 
beagle dogs have been estimated to be CYP1A2- deficient (Fleischer et al., 
2008). Such metabolic polymorphisms might play a role  in the sensitivity to 

 33
000039



theobromine in particular dog breeds as the CYP1A subfamily is known to 
catalyze 3-N-demethylations also in the dog, at least when using caffeine as 
a test substrate. Demethylation of the 7-position of caffeine is perfomed by 
phenobarbital inducible CYP isoforms (CYP2B11, 2C11 and 3A12) (Walton 
et al., 2001). 

 

In conclusion, excretion patterns of theobromine and its metabolites were 
qualitatively comparable among species, indicating that theobromine is 
metabolized via similar pathways. Except for the excretion of small 
quantities of an unidentified but apparently unique metabolite by dogs, only 
quantitative species- and sex-related differences have been observed in 
metabolic disposition of theobromine. A comparison of the major metabolites 
of theobromine found in the urine of various animal species is provided in 
Table 5 and compared to human metabolic data. 

 

Metabolic Disposition in Humans 

 

There are several studies on the pharmacokinetics (absorption, distribution, 
metabolism, and excretion) of theobromine in man (Cornish and Christman, 
1957; Drouillard et al., 1978; Miners et al., 1982; Tarka et al., 1983; Lelo et 
al., 1986). Following oral absorption, theobromine has a relatively low renal 
clearance in healthy adults with 1.0 mL/min/kg similar to other 
methylxanthines, i.e. caffeine 1.2 mL/min/kg and theophylline 0.9 mL/min/kg 
(Dorne et al., 2001). Theobromine is readily absorbed from food and evenly 
distributed in body fluids with plasma and saliva half-life highly correlated 
(Drouillard et al., 1978). Peak concentrations are usually reached within 2-3 
hours, plasma protein binding is low (15-25%) with an unbound plasma 
clearance of 1.4 mL/min/kg (Resman et al., 1977; Lelo et al., 1986). 
Theobromine’s half life is longer than that of caffeine and theophylline and 
ranges from 7 to 12 hours (Drouillard et al., 1978; Tarka et al., 1983; Shively 
et al., 1985; Lelo et al., 1986).  Methylxanthines in chocolate did not alter 
theobromine disposition. Mumford and co-workers (1996) compared the oral 
absorption of theobromine after administration of capsules, cola beverages, 
and chocolate candy. When theobromine was administered in capsule form, 
peak plasma concentrations were achieved at 6.72 mg/L within 
approximately 3 hours following capsule administration in contrast to 
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chocolate or cola for which they were higher (8.05 mg/L) and more rapid (2 
hours). The authors concluded that an ordinary dietary portion of cola or 
chocolate may result in plasma levels of biological significance (Mumford et 
al., 1996, Andersson et al., 2004) and the psychopharmacological effects 
associated with chocolate have been shown to depend on the combination 
of both theobromine and caffeine (Smit et al., 2004). 

 

There are no data reporting the toxicokinetics of theobromine in children and 
neonates. The oral clearance rates of caffeine and theophylline are faster in 
children (1.5-fold) but much lower in neonates (5-7-fold) compared to 
healthy adults due to the immaturity of CYP1A2 metabolism in neonates. 
Hence it is likely that theobromine clearance will also be affected in 
neonates (Cresteil, 1998; Renwick et al.; 2000, Dorne et al., 2001). 
Theobromine has been investigated in six breast-feeding mothers following 
ingestion of 113 g of Hershey’s milk chocolate (corresponding to 240 mg 
theobromine) and theobromine passed freely into milk (Resman et al., 1977; 
Berlin, 1981). No adverse behavioral effects or changes in bowel habits of 
infants were noted. Peak concentrations in breast milk were reached after 2-
3 hours (3.7 to 7.5 µg/ml in breast milk compared to 4.5 to 7.8 µg/ml in 
plasma) with a half life of 7.1 hours, and a plasma clearance of 1 mL/min/kg. 
Milk protein binding was around 20% with mean concentration ratios of 0.82 
for milk/plasma and 0.92 for saliva/plasma. In four nursing mothers, the 
consumption of 240 mg theobromine every six hours (from four 1 ounce milk 
chocolate bars) together with an average breast feeding volume of milk of 1 
liter per day was predicted to result in 10 mg or 1-2 mg/kg per day 
theobromine exposure in the neonate. This is a very large amount of 
chocolate-16 bars/24 hrs! In a study of 10 nursing mothers, Berlin (1981), 
using the time concentration curves for each infant from these mothers, 
calculated the possible exposure to each infant from mothers consuming a 
single 1.2 ounce milk chocolate bar containing 60 mg theobromine and 6 mg 
caffeine. While plasma samples were not taken from the infants, they were 
bagged for urine collection. Assuming that each infant would nurse 90 ml (3 
oz) every 3 hrs for the 24 hrs following the chocolate ingestion, the amount 
of theobromine potentially offered to each infant was calculated to range 
from 0.44 to 1.68 mg of the maternal dose. Neither theobromine nor caffeine 
was found in the urine of any of the 10 nursing infants, including the infants 
of the three mothers with measurable serum caffeine levels. He concluded 
that this amount of theobromine in chocolate consumed by a nursing mother 
does not appear to be of significance to the nursing infant.  
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While theobromine has the capability to cross the placenta, there are no 
data available on theobromine diffusion through the blood/brain barrier 
(Andersson et al., 2004). However, radiolabeled studies conducted by 
Arnaud and Getaz, (1982) demonstrated in newborn rats that the ratio of 
brain:blood theobromine concentrations decreased continuously from 0.96 
at birth to 0.60 in 30-day old rats. Additionally, after 24 hr, no organ 
accumulation of theobromine or its metabolites could be seen in adult rats 
(Arnaud and Welsch, 1979). 

 

Birkett et al. (1985) and Tarka et al. (1983) demonstrated that the 
metabolites of theobromine in human urine are 7-methylxanthine (34-48%), 
3-methylxanthine (20%), 7-methyluric acid (7-12%), 6-AMMU (6-9%), 3,7-
dimethyluric acid (1%), and 1-18% unchanged theobromine. Birkett et 
al.(1985) and Resman et al.(1987) also demonstrated that theobromine has 
a low protein-binding capacity in both serum (15-21%) and breast milk 
(12%). Miners et al. (1982), using allopurinol to inhibit xanthine oxidase, 
reported that the enzyme xanthine oxidase was critical to the 
biotransformation of 7-methylxanthine into 7-methyluric acid (Figure 4). 
Campbell et al. (1987) also showed that biotransformation of theobromine 
occurs by polycyclic aromatic hydrocarbon-inducible cytochrome P-450 in 
human liver microsomes. Rodopoulos et al. (1996) reported a similar 
metabolic breakdown of theobromine, the N3-demethylation of theobromine 
accounts for 58% of the urinary metabolites, N7-demethylation for 27%, C8-
oxidation of 7-methylxanthine for 22%, C8-oxidation of 3-methylxanthine for 
2% and formation of 6-AMMU for 13%. 
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Table 5. Major Urinary Metabolites of Theobromine in Various Species 

Species   Major Metabolites of Theobromine Found in the Urine (%) over 24 hr 
period 

 Unchanged 
TBR 

7-MX 3-MX 7-MU 3-MU 3,7-
DMU 

6-
AMMU 

        

RAT    30-50     6-10   4-6   5-7 <0.1  5-10 20-32 

        

MOUSE   16-26      3-4   3-4  5-6 <0.4  3 14-28 

        

HAMSTER    20-25    12-14    2-3  3-4   0.3  2-3 15-20 

        

RABBIT    15-45    32-40  3-10  2  0.6  2 10-15 

        

DOG    14-37      3-4 20-23 4-7 <1.0 <0.4   7-10 

        

HUMAN    10-18    34-48 14-21 7-12 <2.0  1.0    6-9 

        

TBR-theobromine; 7-MX- 7-methylxanthine; 3-MX-3-methylxanthine; 7-MU-7-methyluric acid; 3-MU-3-
methyluric acid; 3,7-DMU-3,7-dimethyluric acid; 6-AMMU-6-amino-5-[N-methylformylamino]-1-methyluracil 

 

 

E. Toxicokinetics and Elimination in Animal Species 

 

i. Rats 

The toxicokinetics of oral theobromine in rats has been investigated by  
Arnaud and Welsch, (1979); Shively and Tarka, (1983); Bonati et al. (1984); 
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and Shively et al. (1986) and has been shown to be linear (clearance and 
metabolite profile) between 1 and 100 mg/kg per day after both acute and  
repeated (2 weeks) exposures (Bonati et al., 1984). The compound is almost 
equally distributed in plasma and in blood cells, and insignificantly bound to 
plasma proteins. The plasma half life is 5.5 hours (Shively and Tarka, 1983; 
Walton et al., 2001). A meta-analysis revealed sex differences in 
theobromine kinetics so that oral clearance was 5.40 and 1.41 for the male 
and female rat respectively with an overall value of 3 ml/min/kg (Walton et 
al., 2001). Shively and Tarka (1983) compared the toxicokinetics of 
theobromine in pregnant and non-pregnant rats dosed orally with 5, 10, 50, 
or 100 mg theobromine/kg body weight by comparing the urinary 
metabolites after a low (5 mg/kg) and a high (100 mg/kg) dose. In non-
pregnant rats, the tmax was reached after 15-36 minutes, elimination kinetics 
were independent of dose, with an average theobromine half-life of 5.5±1.5 
hours. After 48 hours, analysis of theobromine’s metabolic profile in the 
urine of animals dosed orally with 5 or 100 mg/kg b.w. revealed similar 
qualitative metabolic patterns in pregnant and non-pregnant rats and the 
authors concluded that pregnancy did not have an effect on theobromine 
elimination in female rats. 

 

ii. Rabbits 

Theobromine toxicokinetics was investigated in male and female (non-
pregnant and pregnant) rabbits after a single oral dose and two weeks daily 
oral dosing at 1, 5, 10, 50, and 100 mg/kg per day. No significant differences 
between groups were found for the toxicokinetic profile of theobromine and 
only at the highest doses (100 mg/kg for males and 50 mg/kg for pregnant 
rabbits) was there a tendency towards accumulation. The overall clearance 
was 1.8mL/min/kg (Latini et al., 1984). 

Tarka and co-workers (1986a) dosed pregnant New Zealand white rabbits 
with 25 to 200 mg theobromine/kg b.w. on day 6-29 of gestation. In rabbits 
dosed with 75 mg theobromine per kg body weight, serum levels of 
theobromine were between 24 and 86 mg/L, and at 200 mg theobromine/kg 
bw, serum levels were between 14 and 203 mg/L.  
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iii. Dogs 

In a single dose study in dogs, the theobromine plasma half-life was around 
17.5 hours (Gans et al., 1980). In this short study, mature mongrel male 
dogs (age not given) were orally administered theobromine (in gelatin 
capsule form) at doses from 15-1000 mg/kg b.w.   

In a 1-year feeding study, mature mongrel male dogs (age not given) were 
orally administered theobromine in a convoluted study design. A group of 23 
dogs was used for this series of experiments. Dogs were divided into control 
and six treatment groups. The protocol for the administration of theobromine 
over the 1-year period called for the administration of theobromine to two 
groups of dogs for 1 year in doses of 25 and 50 mg/kg bw/day. Other dogs 
were given theobromine at doses of 25 or 50 mg/kg bw/day for 4 months, 
and the dose was then increased to 100 or 150 mg/kg bw/day for 8 months.  
During the first month of the study, theobromine was given in the form of 
gelatin capsules. For the other 11 months of the study, the theobromine 
tablets were administered daily. Control dogs were given tablets containing 
only sucrose and the calcium stearate binder. The tablets contained 50 % 
theobromine, 50 % sucrose, and 0.6% calcium stearate as the binder. 
Tablets containing only sucrose and the calcium stearate binder were given 
to control dogs. 

 

The authors reported that the time to peak plasma concentration of 
theobromine was dose-dependent. In the single dose study, at lower doses 
of 15 to 50 mg/kg b.w. per day, the peak appeared around 3 hours (33 
µg/ml) and varied in magnitude between dogs. No reason was given for the 
variation observed. At 150 mg/kg b.w. per day, peak plasma concentrations 
of theobromine were attained at around 15 hours after administration and 
were considerably higher (~ 72 µg/ml) than concentrations observed 
following a single dose of that magnitude. In the latter case, the plasma half-
life was 14.5 hours. 

 

The pharmacokinetics of 5 mg intravenously supplied theobromine and 
approximately 5 mg theobromine supplied orally in the form of chocolate (0.7 
g per kg body weight), was investigated in female beagle dogs (Loeffler et 
al., 2000a, 2000b). Plasma levels peaked directly after intravenous 
administration (42 mg/L at 5 min), and urinary levels at approximately 3 

 39
000045



hours (Loeffler et al., 2000a). The half-life of theobromine in plasma was 6.5 
±0.6 hours. When supplied in the form of chocolate, maximum plasma levels 
of theobromine (20.5 mg/L) were found around 2 hours after ingestion. The 
plasma half-life was 6.8 ±2.8 hours, which allowed theobromine to be 
detected in plasma for up to 36 hours. Urinary levels peaked at (180 mg/L) 
at 12 hours after dosing and were mostly unchanged theobromine. The 
bioavailability of theobromine from chocolate was estimated to be 77% 
(Loeffler et al., 2000b). The toxicokinetic studies performed with 
theobromine in dogs does not present a totally coherent picture, but this 
could be due to different matrixes having been used to deliver the 
compound. When 12.3 mg theobromine per kg b.w. was given to dogs in the 
form of a chocolate bar, plasma levels peaked at 12 mg/L in about 4 hours, 
and decreased fairly slowly. It was unclear if this was due to delayed 
absorption of theobromine from the chocolate bar, a long serum half-life or 
both (Glauberg and Blumenthal, 1983). When theobromine in another study 
was given as tablets at a dose of 15 mg/kg body weight, peak plasma levels 
were 16-33 mg/L at around three hours after dosing. This resulted in plasma 
half-lives between 13.5 and 19 hours (cited in Hornfeldt, 1987). 

 

In summary, theobromine is readily bioavailable from cocoa feeds and 
chocolate products, and metabolized in the dog to a rather limited extent. 
Such limited metabolism may be partly due to the presence of a genetic 
polymorphism in the CYP1A2 isoform based on its apparent significance for 
3-N-demethylation using caffeine as a test substrate. Even though such a 
genetic polymorphism of CYP1A2 has been shown in dogs, the molecular 
basis of the dog’s susceptibility to theobromine is still unclear and the 
relationship between CYP1A2 and theobromine metabolism in the dog 
remains to be confirmed. 

 

iv. Horses 

 

Nine toxicokinetic studies describe the urinary excretion of theobromine in 
horses (mostly in thoroughbred mares) (Kelly and Lambert, 1978; Moss, 
1980; Moss et al., 1980; Lambert et al., 1985; Haywood et al., 1990; 
Aramald et al., 1991; Delbeke and Debackere, 1991; Salvadori et al., 1994; 
Dyke and Sams, 1998). 
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Five thoroughbred mare horses individually received different quantities of 
cocoa bean meal containing 5.8 g theobromine/kg (Kelly and Lambert, 
1978). The horses were given between 50 g (1.7% of the daily ration) and 
1.4 kg cocoa bean meal (0.29 to 8 g theobromine), corresponding to 1.7 to 
28% of the daily feed, by stomach tube. No theobromine was found in the 
blood serum. Overall, theobromine was rapidly absorbed from the 
gastrointestinal tract and metabolized, its persistence in the body tissues 
was indicated by its presence in urine for up to 12 days with peak 
concentrations appearing from 22 hours to 5 days. Nine thoroughbred male 
horses weighing 300-400 kg were given cocoa husk (5.8 g theobromine per 
kg feed) at a single feeding to produce exposures of 10, 20, 50, or 100 
mg/kg body weight theobromine (Lambert et al., 1985). Theobromine was 
present in the urine for up to 8 days. 

 

Haywood et al. (1990) fed racehorses 7 kg cocoa husks in the form of cocoa 
husk, spread over a morning ration and an evening ration, for four days. The 
doses were chosen after having determined the quantity of theobromine 
required in the feed to reach the limit of detection of urinary metabolites with 
the analytical method used (1 mg/kg feed). The various feed formulations 
contained 1.2, 2.0, 6.6, and 11.5 mg theobromine per kg husks. The 
maximum urinary levels were dose-dependent and appeared at around 80 
hours after the initial feeding but with significant differences between horses. 
An intake of around 50 mg theobromine over four days resulted in peak 
urinary concentrations around 0.4-0.9 mg/L. A threshold level for 
theobromine in urine (2.0 mg/L) was determined as being of relevance to 
feed, and above which doping of the animal could be concluded. 

 

In a similar study, Delbeke and Debackere (1991) gave five horses, 
weighing 365-517 kg, feed consisting of oats and a pelleted ingredient 
containing EC permitted theobromine levels (38.4 mg) twice daily to horses 
for 2½ days. Peak excretion rate varied from 2 to 12 hours after the last 
administration. The theobromine excretion rate was correlated to urinary 
flow. Salvadori et al. (1994) determined the clearance time after 
administration of a guaraná powder under the tongue of a thoroughbred 
mare twice a day over 5 consecutive days. The powder contained 2.16 g 
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theobromine per kg powder and theobromine could be detected in urine for 
up to 13 days. 

 

Dyke and Sams (1998) determined the urinary excretion of methylxanthines 
in three horses (450-500 kg) following feeding of the mares with 20 
chocolate-coated peanuts containing approximately 19.6 g chocolate (1.87 
mg theobromine/g chocolate) for 8 days. Twenty-four hours after 
administration of the seventh dose and before administration of the last 
dose, theobromine concentrations in urine were between 3.3 and 3.7 mg/L 
and increased to a maximum of between 7.2 and 11.8 mg/L approximately 
5-6 hours after ingestion of the last dose. At 5 days, theobromine in two 
horses was below the limit of quantification. After oral administration of 
radiolabelled theobromine to two ponies, 1.1 mg/kg and 0.79 mg/kg, 
theobromine was shown to have a plasma half-life of 12.8 and 27.2 hours 
respectively, and was excreted in urine as unchanged theobromine and 3,7 
dimethyluric acid, 80% and 65% of the dose. Excretion was complete after 
100 hours (Moss et al., 1980). 

 

In horses, excretion of theobromine and its metabolites is very variable, 
dose dependent and related to variability in renal excretion and renal blood 
flow. 

 

v. Livestock  

Aly (1981) collected toxicokinetic parameters in single dose feeding studies 
on sheep with 40 mg theobromine/kg body weight or 3 g cocoa shells/kg 
body weight. Whereas the half-life of theobromine in plasma was around 21 
hours after ingestion of the pure compound, it was only 15.5 hours after 
ingestion of the cocoa shell diet. These exposures gave no toxicological 
effects. Dosing 3 g cocoa shells/kg b.w. per day for five days resulted in 
reduced body weight. The urine from these animals contained the 
demethylated metabolites 3-methylxanthine, 7-methylxanthine, and 7-
methyluric acid. 
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Figure 3. Biotransformation of theobromine in the liver of mammals (from 
Arnaud and Welsch 1979) 
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Figure 4. Scheme proposed for biotransformation of theobromine in man 
(Miners et al. 1982) 

 

F. SAFETY ASSESSMENT OF THEOBROMINE 

1. ACUTE ORAL TOXICITY  

i. Animals 

The toxicity of theobromine and other methylxanthines was reviewed by 
Tarka (1982). The acute oral LD50 of theobromine (sodium acetate salt) in 
rats (HLA (SD)) SPF male rats, 8 weeks of age has been reported to be 950 
mg/kg body weight, whereas in white mice (18-22g) of both sexes, (age and 
strain not specified), it is 1356 mg/kg body weight. The toxicity of 
theobromine in domestic animals has been reported and has been indirectly 
attributed to the excessive consumption of cocoa and chocolate products, 
particularly in dogs where the there is a prolonged half-life (Gans et al., 
1980). The oral LD50 of theobromine in dogs is approximately 300 mg/kg 
body weight. Because of the unique pharmacokinetics (first order kinetics) in 
dogs, there is a prolonged plasma half-life of ~20 hrs resulting in severe 
acute toxicity. This sensitivity and toxicity to chocolate and cocoa product 
exposure in dogs is well documented and caution is urged regarding 
exposure in this species.  
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The target organs of theobromine toxicity in rats and mice are the thymus 
and the testes. Theobromine at 0.6% of the diet for 28 days has been 
reported to induce anorexia, thymic and testicular atrophy, and impaired 
spermatogenesis in the rat (Friedman et al., 1978; Tarka et al., 1979; and 
Gans, 1984). There were no differences in rat strains (Osborne-Mendel, 
Holtzmann, Sprague-Dawley) for the observed effects on the testis. Thymic 
atrophy was observed at doses of 250-300 mg/kg b.w. in rats, and 850 and 
1840 mg/kg b.w. in hamsters and mice, respectively (Tarka et al., 1979). A 
significant decrease in absolute and relative thymus weight, with loss of 
cortical lymphocytes was observed in rats receiving 2-10 g theobromine/kg 
feed mixed into the diet (corresponding to 90-140, 215-290 mg/kg b.w., in 
males and females, respectively) for 4 weeks in two studies and 7 weeks in 
a third (Tarka et al., 1979; Gans, 1982; 1984). In hamsters and mice, only 
the highest theobromine concentrations in the diet (10 g/kg feed) produced a 
decreased thymus weight (Tarka et al., 1979). No abnormal histological 
changes were seen in any of the hamster tissues examined, whereas 
histological changes in mice as previously described for rats occurred at the 
highest dose of 1840 mg/kg b.w. in the thymus and testes of mice. Several 
of the mice receiving the higher doses of theobromine died before the end of 
the study. 

 

2. SUBCHRONIC ORAL TOXICITY  

In a 13-week feeding study (non-GLP), groups of 10 male and 10 female 
Sprague-Dawley rats received cocoa powder at dietary concentrations of 
approximately 0, 0.6, 3.1, and 6.2% and theobromine at levels of 0, 0.02, 0.1, 
and 0.2 % in a certified chow diet for 90-days (approximate doses of 
theobromine equivalent to 0, 25, 125, and 250 mg/kg body weight/day). The 
only changes noted were a statistically significant reduction in weight gain 
and in testicular weight (absolute weight) in males at the high dose. No 
gross and/or histopathological lesions were observed and there were no 
hematological changes (Tarka and Zoumas, 1983). No clinical chemistry 
was reported. 

 

The only study in a non-rodent species is that of Gans et al. (1980), which 
was described earlier in studies conducted in dogs as part of a convoluted 
study design. The protocol for the administration of theobromine over the 1-
year period called for the administration of theobromine to two groups of 
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dogs for 1 year in doses of 25 and 50 mg/kg bw/day. Other dogs were given 
theobromine at doses of 25 or 50 mg/kg bw/day for 4 months, and the dose 
was then increased to 100 or 150 mg/kg bw/day for 8 months.  During the 
first month of the study, theobromine was given in the form of gelatin 
capsules. For the other 11 months of the study, the theobromine tablets 
were administered daily at concentrations of 100-150 mg/kg bw theobromine 
for periods of 21-28 days as well as various doses over a one-year period. 
They reported a degenerative and fibrotic lesion in the right atrial appendage 
of the heart. This finding is unique to the dog since no such appendage 
exists in man. The study is further confounded by administration of varying 
doses in early treatment groups, with adjustments at several points in the 
one-year study. While this study is of limited value, it is reported here for the 
sake of completeness. 

 

3. GENOTOXICITY/MUTAGENICITY  

 
The genetic effects of theobromine were reviewed by Timson (1975), Tarka 
(1982), and Grice (1987). Rosenkranz and Ennever (1987) evaluated 
published data on the genotoxicity of theobromine and caffeine using the 
Carcinogen Prediction and Battery Section (CPBS) method and reported 
that in spite of some positive responses, these analyses did not predict for 
theobromine a potential for causing cancer by virtue of a genotoxic 
mechanism. Grice (1987) noted that all available carcinogenicity studies on 
caffeine have been negative. Brusick et al., (1986b) reported that 
theobromine was not mutagenic in the Ames assay up to a maximum 
concentration of 5000 µg/plate either with or without metabolic activation. A 
high purity synthetic theobromine (>99.5 % purity) confirmed by HPLC/MS, 
gas-liquid chromatography, and infrared spectroscopy was used. It was also 
screened for heavy metals and these were all below the limit of detection by 
atomic absorption. This material would be of analogous purity to the 
theobromine that is the subject of this notification. This group also reported 
on a series of mutagenicity tests for theobromine (which are presented in the 
IARC report (1991)). 

 

The Working group of the International Agency for Research on Cancer 
(IARC, 1991) in their evaluation of the carcinogenic risk to humans of 
theobromine summarized their evaluation on various published genotoxicity 
tests conducted and published on theobromine. IARC noted that in lower 
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eukaryotes (e.g. Euglena gracilis, Physaarum pollycephalum, 
Schizosaccharomyces pombe) and bacteria (e.g. E.Coli, phage T5-
resistance, Klebsiella pneumoniae) theobromine induced mutations, but 
gave negative results in various Salmonella typhimurium strains with and 
without metabolic activation. In cultured rodent cells theobromine induced 
gene mutations (at cytotoxic concentrations), sister chromatid exchange 
(SCE), but not chromosomal aberrations or cell transformation. In human 
lymphocytes in vitro, SCE and chromosomal aberrations were seen in some 
experiments (IARC, 1991). In in vivo studies, theobromine induced SCE and 
micronuclei, but not chromosomal aberrations, in the bone marrow of 
Chinese hamsters. Theobromine did not induce dominant lethal effects in 
mice or rats (IARC, 1991).  

 

Relative to recent work since the earlier reviews noted above, IARC noted 
that theobromine was found to increase the frequency of mutant tk colonies 
in mouse lymphoma cells, but only at extremely toxic doses.  

 

Significant increases in the frequency of sister chromatid exchange were 
induced in Chinese Hamster Ovary Cells and in human lymphocytes in the 
absence of an exogenous metabolic system; in the presence of an 
exogenous metabolic system the results were equivocal and not dose-
related (Brusick et al., 1986b). Chromosomal aberrations were not induced 
by theobromine in Chinese Hamster Ovary Cells with and without metabolic 
activation and BALB/c3T3 cells were not transformed. Similar results were 
reported for cocoa powder by Brusick et al. (1986a). A fully characterized 
cocoa powder for methylxanthines containing 2.50 % theobromine and 0.19 
% caffeine was used. 

 

Giri et al. (1999) confirmed the negative results reported by Brusick et al. 
(1986b) for Ames mutagenicity testing, but noted significant sister chromatid 
exchange in bone marrow cells of mice. 

 

Epstein et al. (1972) and Shively et al. (1984) reported no Dominant Lethal 
effects (increases in preimplantation loss or dead implants) in either male 
Sprague-Dawley rats or CD-1 mice at theobromine oral doses of 0, 50, 150 
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and 450 mg/kg bw in rats and after a single intraperitoneal injection of 380 
mg/kg bw in mice.  

 

Theobromine appears to have limited genotoxicity. Where genotoxicity was 
reported, it occurred at extremely high doses or concentrations. Genotoxic 
effects of theobromine are similar to caffeine. 

 

4. REPRODUCTIVE/DEVELOPMENTAL TOXICITY 

 

i. Reproductive Toxicity 

 

The effects of theobromine, theophylline and caffeine on the male 
reproductive system have been well documented. Friedman et al. (1978) 
found that feeding caffeine, theophylline or theobromine to immature 
Osborne-Mendel rats at levels of 1.0% of the diet for 3 weeks (~500 mg/kg 
bw/day) and 0.5% (~250 mg/kg bw/day) for an additional 61 weeks, 
produced severe testicular atrophy (94%) and aspermatogenesis (82%). 
Similar results were reported in the Holtzman strain of rats following 19 
weeks of feeding theobromine at 0.5% (~250 mg/kg bw/day); all rats showed 
testicular atrophy, and 79% had aspermatogenesis (Friedman et al. 1978). 
Tarka et al. (1979) reported that feeding theobromine at levels of 0, 0.2, 0.4, 
0.6, 0.8, or 1.0% in the diet  (0, 144, 291, 382, 425, and 562 mg/kg body 
weight/day) for a period of 28 days to Sprague-Dawley rats produced severe 
testicular atrophy in all animals receiving 0.8 and 1.0% diets. Seminiferous 
tubular-cell degeneration was observed in all rats at the 0.6% level. Rats 
were found to be the most sensitive of all rodents tested. Mice fed 
theobromine at concentrations of 0, 0.2, 0.4, 0.6, 0.8, and 1.2% of the diet 
(301, 634, 928, 1138, and 1843 mg/kg body weight/day) were more 
resistant, and testicular changes were seen only at concentrations that 
caused considerable mortality with only 5/10 surviving the 28-day treatment 
of 1.2% theobromine. Hamsters fed 0, 0.2, 0.4, 0.6, 0.8, and 1.0% of the diet 
(182, 406, 638, 848, and1027 mg/kg body weight/day) were totally resistant 
to any theobromine-induced testicular changes. Tarka et al. (1981) also 
studied the potential reversibility of this phenomenon by feeding proven 
breeder male Sprague-Dawley rats 0.2, 0.6 or 0.8% theobromine (88, 244 or 
334 mg/kg body weight/day, respectively) for 49 days, performing unilateral 
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orchiectomy at that time, and allowing the rats to recover on a theobromine-
free diet for an additional 49 days. Histologically, 70 to 90% of the 
seminiferous tubules from the rats that received the two highest doses of 
theobromine appeared almost void of well-formed spermatozoa suggesting 
that these effects were largely irreversible. Subsequent studies by Gans 
(1982, 1984) substantiated these observations. Shively et al. (1986) 
demonstrated that rats fed 0.6% theobromine for 28 days (~250 mg/kg 
bw/day) in a certified chow diet did not develop the testicular atrophy 
induced by addition of theobromine that had been observed in a semi-
synthetic diet. It was suggested that this was due to induction of 
theobromine metabolism in animals on the chow diet. 

 

Ettlin et al. (1986) reported that daily administration of 500 mg/kg body 
weight /day of theobromine to Fu albino rats for either three or five days 
interfered with germ cell kinetics. The most striking morphological 
observation reported was a delayed release of late spermatids into the 
tubular lumen mainly at two weeks post-treatment. This partial disruption of 
the rigid spermatogenic synchronization was not followed by substantial 
germ cell death. The authors postulated that Sertoli cell toxicity could 
account for these early and subtle effects as well as for the late and severe 
effects of subchronic exposure of rats to theobromine that has been reported 
in the literature. Subsequent work by Wang et al. (1992) examined the effect 
of daily dosing with 50 or 250 mg/kg body weight/day of theobromine or a 
cocoa powder extract containing 117 mg theobromine/g cocoa extract. The 
authors reported a decrease in body weight gain and epididymal weights 
with theobromine treatment and in the high dose cocoa extract treated 
groups. Both theobromine and the high dose cocoa extract caused 
vacuolation within the Sertoli cells, abnormally shaped spermatids, and 
failed release of late spermatids in treated animals with most of the 
vacuolation found in the earlier and middle stage seminiferous tubules 
(stages I to VIII). A NOAEL for this study could not be determined since 
effects were seen at both doses tested. These results demonstrate that 
theobromine in cocoa powder extract is less toxic to the testis than pure 
theobromine.  

 

Wang and Waller (1994) reported that theobromine (500mg/kg body weight 
/day) given by gavage to male Sprague-Dawley rats (250-275 g) for 7 days 
not only inhibited body weight gain, but also decreased cauda epididymal 
sperm reserve (38%), seminiferous tubule fluid (STF) volume (33%), lactate 
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concentration in STF (22%), inhibition of binding activity of androgen binding 
protein (ABP) (21%) and reduced ABP in STF. A cocoa extract containing 
an equivalent amount of theobromine did not produce significant toxicity in 
treated rats. Theobromine concentration in serum and testes of 
theobromine-treated rats was also significantly higher (1.8- and 1.6-fold, 
respectively) than in rats treated with cocoa extract. The results provide 
further support for Sertoli cells as the primary target cells of theobromine 
toxicity. Pollard et al. (2001) showed in fetal testis organ explants that 
exposure to caffeine or theobromine resulted in normal tissue differentiation 
with developing seminiferous cords made up of Sertoli and germ cells, 
followed by the differentiation of functionally active Leydig cells appearing in 
the newly formed interstitium.  

 

Funabashi et al. (2000) examined the effects of theobromine on reproductive 
outcome in rats in order to compare the new EU testing protocol for 
reproductive toxicants (2 weeks exposure) to the Japanese model which 
requires 4 weeks treatment. Theobromine was administered by gavage to 
male Sprague-Dawley rats at doses of 250 and 500 mg/kg body weight/day 
for 2 weeks starting at the age of 6 or 8 weeks, and for 4 weeks in rats 6 
weeks of age. Theobromine exposure resulted in reduced weight gain at the 
highest dose group and similar effects on testicular and thymus tissue, and 
in addition, relative prostate- and seminal vesicle weight were reduced at the 
highest dose.  Histopathologic examination of the testis revealed testicular 
toxicity at 500 mg/kg body weight/day after 2 weeks of dosing at both ages, 
and at both 250 and 500 mg/kg body weight/day after 4 weeks of dosing. 
The primary findings were degeneration and necrosis and desquamatic 
spermatids and spermatocytes, vacuolization of seminiferous tubules, and 
multinucleated giant cell formation. These findings were present mainly in 
stages VI and XII-XIV of spermatogenesis. Soffietti et al. (1989) found that 
feeding mature and immature New Zealand Hy/Cr rabbits 0.5, 1.0, and 1.5% 
theobromine for 120 and 20 days, respectively, resulted in mortality at the 1 
and 1.5% levels which they attributed to cardiac failure. Theobromine also 
caused thymic and testicular atrophy. Testicular alterations ranged from 
vacuolation of spermatids and spermatocytes to multinucleated cell 
formation and oligospermia or aspermia with extensive degeneration of 
tubule cells. Some necrotic and post-necrotic myocardial foci were also 
noted. 
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In the Gans et al. (1980) study of the effects of both short-term and long-
term theobromine administration to male beagle dogs, no testicular atrophy 
was seen after oral administration in either gelatin capsules or tablets at 
doses of 25, 50, 100, or 150 mg/kg body weight /day for one year. 

 

Lamb et al. (1997) evaluated a host of reproductive toxicants including 
theobromine in Swiss CD-1 mice using the reproductive assessment by 
continuous breeding protocol (RACB) of pairs. Theobromine was fed at 0, 
0.1, 0.25, and 0.5% of the diet and this resulted in approximate exposure 
levels of 0, 126, 335, and 630 mg/kg body weight /day. At levels of 0.25% 
and above, there was a decrease in the numbers of litters and numbers of 
pups born alive, and in body weights of pups with females being more 
sensitive than males. Skopinska-Rozewska et al. (2003) reported that 
feeding BALB/c and BALB/cxC3H F1 mice 3 and 6 mg theobromine during 
pregnancy and lactation resulted in lower fetal body weights which 
disappeared in adult progeny. Vascular endothelial growth factor (VEGF), 
which is known to be associated with controlling the flow of nutrients to 
tumors and for supporting their growth, slightly increased while angiotensin 
converting enzyme (ACE) activity in mouse embryonic tissue homogenates 
(tissues not specified) was reported to be increased. VEGF levels in sera 
from treated dams were reported to be lower.  VanderPloeg et al. (1992) 
found no effect of theobromine (500mg/L drinking water) on the 
developmental growth of the mammary gland in ovarian-hormone treated, 
mature nulliparous female BALB/C mice.  

 

In a GLP 3-generation study, male and female Sprague-Dawley rats were 
given cocoa powder (two different lots) containing either 2.50% or 2.58% 
theobromine and 0.19% caffeine in the diet at concentrations of 0, 1.5, 3.5 
and 5.0% for three generations (Hostetler et al., 1990). During the initial 12-
week growth periods for each generation, the mean total methylxanthine 
exposures (of which 93% was theobromine) in mg/kg body weight/day for 
males/females were 30/36, 72/86 and 104/126 respectively, in the F0, F1b, 
F2b male and female rats treated with 1.5, 3.5 and 5.0% cocoa powder diets.  

 

.No consistent dose-related effects on any of the reproductive indices were 
noted over the three generations. Non-reproductive toxicity included 
decreased body weight gain in both of the highest levels and renal tubular 
mineralization in the F0 generation males on the 5% cocoa powder but there 
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was no effect on pup survival. The decrease in weight gain was unrelated to 
food intake and may have been due to components of cocoa powder altering 
protein bioavailability/utilization (i.e., oxalic acid). The significant increase in 
renal tubular mineralization was observed only in the F0 generation males 
but was common in females regardless of dietary treatment and had no 
effect on survival. The NOAEL was 5.0% cocoa powder, the maximum dose 
tested, and equivalent to 104 mg/kg bw/day total methylxanthines (97 mg/kg 
bw/d theobromine) for males and 126 mg/kg bw/day total methylxanthines 
(117 mg/kg bw/d theobromine) for females. 

 

ii. Developmental Toxicity 

The teratogenesis of theobromine was first reported by Fujii and Nishimura 
(1969) in ICR-JCL mice who had received a single intraperitoneal injection 
of 500 or 600 mg/kg body weight of theobromine on day 12 of gestation. 
Maternal deaths occurred in 40% of the higher dose group but not in the 
lower dose group. The incidence of fetal resorptions was also increased in 
the high dose group; fetal body weights and the incidence of malformations 
and subcutaneous hematomas were also increased in both groups. The 
significance of this report is questionable in that the intraperitoneal 
administration is not the normal route of exposure. These same investigators 
(1973) demonstrated that feeding theobromine, caffeine or theophylline at 
0.4% of the diet during the period from day 15 to day 20 of gestation caused 
fetal hypoproteinemia and edema. Nakatsuka et al. (1983) showed that at 50 
mg/kg body weight of theobromine (as theobromine sodium salicylate salt) 
administered on day 11 of gestation in combination with 3 mg/kg body 
weight of mitomycin C, had no effect on potentiating the teratogenicity of 
mitomycin C. 

 

The most recent teratogenic evaluation of theobromine in rats was 
conducted by Tarka et al. (1986a). A high purity synthetic theobromine 
(>99.5 % purity) confirmed by HPLC/MS, gas-liquid chromatography, and 
infrared spectroscopy. It was also screened for heavy metals and these 
were all below the limit of detection by atomic absorption. This material 
would be of analogous purity to the theobromine that is the subject of this 
notification. A fully characterized cocoa powder for methylxanthines 
containing 2.50 % theobromine and 0.19 % caffeine was used. A perinatal, 
postnatal and teratogenic evaluation was conducted in Sprague-Dawley 
rats. In the peri/postnatal study, rats were fed diets containing 0, 2.5, 5.0, 
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and 7.5% cocoa powder daily throughout gestation and lactation. In the 
teratology study rats were given diets containing 0, 2.5, or 5.0 % cocoa 
powder or 0.0625 or 0.135 % theobromine on days 6-19 of gestation. These 
provided mean comparable theobromine doses of 53 or 99 mg/kg body 
weight on days 6-19 of gestation and showed no maternal toxicity. While no 
malformations occurred, there were slight decreases in fetal body weights at 
the high dose, and also a significant increase in a delay of osteogenesis as 
evidenced by incompletely ossified or absent sternebrae and pubic bones in 
the high dose groups. This can be explained by significant reductions in food 
intake on gestation days 13-19 in the 2.5 and 5.0 % cocoa powder groups 
and in the 0.135 % theobromine treatment throughout gestation (days 6-19). 
These effects are similar to those reported elsewhere and are considered to 
be indicative of potential maternal or fetal toxicity that is unrelated to a 
specific compound/treatment (Khera, 1985). Serum concentrations in the 
high dose group were 15-20 µg/ml. Effects from a reduction in food intake 
are recognized and not considered as an adverse effect of theobromine 
based on the World Health Organization (WHO)'s (WHO, 1987) guidance on 
the interpretation of reduced body weight gain without other toxicity due to 
consumption. It was concluded that theobromine at mean doses of 99 mg/kg 
bw/day from either cocoa powder or pure theobromine, was not embryotoxic 
or teratogenic.  

 

Tarka et al. (1986b) also evaluated the teratogenic potential of theobromine 
or cocoa powder in a GLP study conducted in New Zealand white rabbits. A 
high purity synthetic theobromine (>99.5 % purity) confirmed by HPLC/MS, 
gas-liquid chromatography, and infrared spectroscopy was used. It was also 
screened for heavy metals and these were all below the limit of detection by 
atomic absorption. This material would be of analogous purity to the 
theobromine that is the subject of this notification. Similarly, a fully 
characterized cocoa powder containing 2.50 % theobromine and 0.19 % 
caffeine was used. Theobromine was administered both by gavage at 0, 25, 
75, or 125 mg/kg body weight/day on gestation days 6-29 and also 
administered in the diet at 0, 0.0625, 0.125, or 0.188 % (approximately 0, 
21, 41, or 63 mg/kg body weight/day) respectively. Cocoa powder was also 
administered at 2.5, 5.0, and 7.5% of the diet, equivalent to about 25, 50, or 
75 mg methylxanthines/kg bw/day during days 6 through 29 of gestation. As 
noted by Khera (1985), maternal toxicity is a consequence of administration 
with high dose levels of test chemicals. Maternal toxicity has been 
associated with consistent patterns of fetal malformations.  These generally 
occurred at a low incidence level and without a clear dose-response relation 
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for each individual malformation. Significant maternal toxicity (40%) and 
reduced food consumption were observed in the 200 mg/kg/day 
theobromine gavage group. There was little or no maternal toxicity at the 25, 
75, or 125 mg/kg body weight/day theobromine treatments in the embryonic 
/fetal LD50 gavage study. Mean fetal weights were similar to the control 
group at 25 or 75 mg/kg /day, but decreases in fetal body weight and 
increases in various developmental variations were observed in groups 
given 125 or 200 mg/kg/day. At the 75 mg/kg/day treatment level, serum 
concentrations of theobromine were 24-86 µg/ml. In those groups receiving 
dietary theobromine, little or no maternal toxicity was observed at any dose 
level. Fetal body weight was decreased at 41 and 63 mg/kg body weight 
(0.125 or 0.188 % dietary theobromine), and there were significant increases 
in the frequency of skeletal variations, again indicating a delay in 
osteogenesis. This can be explained by significant reductions in food intake 
on gestation days 15-30, and as discussed earlier for the rat, is not 
considered a treatment-related effect. Additionally, reduced litter numbers in 
the control group resulted in increased fetal weights for comparative 
purposes with treatments. Neither fetotoxicity nor teratogenicity was 
associated with either cocoa powder or theobromine and there was no 
evidence of impaired theobromine clearance from serum during gestation 
Average serum theobromine concentrations at the lowest effective 
concentration were 12-15 µg/ml.  Due to the incomplete ossification 
observed at 7.5% cocoa powder, the NOAEL for cocoa powder was 5.0% or 
about 50 mg/kg bw/day, expressed as theobromine and in the dietary 
theobromine component, it was 63 mg/kg bw/day. (NOTE: when pure 
theobromine was administered by gavage during days 6 to 29 of gestation, it 
was found to be more toxic than when given by dietary administration, and the 
NOAEL was 25 mg/kg bw/day, based on incomplete ossification.  Dietary 
theobromine was neither teratogenic nor embryotoxic to rabbits in this study. 

 

Chorostowska-Wynimko et al. (2004) and Skopinski et al. (2003) reported in 
several experiments in BALB/c mice that the addition of 400 mg of bitter 
chocolate or 6 mg of theobromine to the daily diet of pregnant and 
afterwards lactating mice affected embryonic angiogenesis and caused bone 
mineralization disturbances as well as limb shortening in 4-week old 
offspring. This report was a summary abstract from a Workshop and no data 
were provided on number of animals or food intake but theobromine was 
assumed to be responsible and is reported here for the sake of 
completeness. The authors stated "Administration of theobromine or 
chocolate to pregnant mice significantly lowered weight of embryos, slightly 
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increased VEGF and strongly increased ACE activity in their tissue. 
Angiogenic activity of embryos tissue homogenates was lowered in the 
theobromine group and drastically lowered in chocolate group. VEGF levels 
in theobromine and chocolate mothers sera were lower than in controls. 
Weight differences disappeared in adult progeny. However, mice born from 
theobromine and chocolate treated mothers produced significantly higher 
levels of anti-SRBC antibodies, and presented lower splenocytes response 
to PHA than progeny of controls." 

 

 In a more recent study, Patera et al. (2006), reported on the morphometric 
and functional evaluation of kidneys in the 4-weeks old progeny mice fed 
according to the protocol mentioned above with numbers of animals and 
exposure amounts not reported. Progeny from the mice fed chocolate 
presented considerable morphometric abnormalities in the kidney, with a 
lower number of glomeruli per mm2 and with increased diameter. Moreover, 
higher serum creatinine concentration was observed in that group of 
offspring. No morphometric or functional irregularities were found in the 
progeny of mice fed theobromine. They concluded that "abnormalities 
demonstrated in the offspring of mice fed chocolate are not related to its 
theobromine content. Consequently, identification of active compound(s) 
responsible for the observed effects is of vital importance." The authors 
alluded to other substances in chocolate being responsible with a 
suggestion of catechin or epicatechin involvement but no data were provided 
to support this. The significance of these findings in mice is difficult to asses 
since the mouse has been shown to be very resistant to the toxic effect of 
high levels of theobromine. The lack of any developmental/reproductive 
effects on feeding cocoa powder for 3 generations of rats at 5 % of the diet 
resulted in far higher exposures to both theobromine and catechins, along 
with a single observation in the F0 males (but not in the F1b generation) of 
renal pelvic mineralization where high levels of this were also seen in the 
controls. Although increases in renal dilatation (hydronephrosis) and pelvic 
microcalculi in cocoa powder-fed rats were evident in a 24 month study, 
these effects lacked convincing temporal and dose-related qualities. Thus, 
the relevance of the reported renal effects by these researchers is 
questionable but they are presented for the purpose of completeness. 

 

Based on the findings from the in-depth safety assessment of cocoa powder 
and theobromine on reproductive and developmental effects, it is concluded 
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that these data support a NOAEL for theobromine of about 50 mg/kg bw/day. 
When the conventional safety factor of 100 is applied, the NOAEL of 50 mg/kg 
bw/day corresponds to an ADI of 0.50 mg/kg bw/day, or about 30 mg/person/day. The 
ADI is significantly lower than either the USDA or IARC EDI, lower than the 
theobromine intake of a high chocolate or high cocoa user, and is lower than 
intake from the intended uses of theobromine in the specified foods. The 
application of safety factors to NOAELs from appropriate animal studies is 
intended to provide a conservative ADI in the absence of human data. In the 
case of the methylxanthines, specifically caffeine and theobromine, we know 
that intakes much higher than the ADIs obtained from animal studies have 
failed to show reproductive effects in humans. 

For caffeine, conventional safety assessments in which a safety factor is 
applied to the no-observable-adverse-effect level (NOAEL) obtained from animal 
studies, consistently show that the current estimated daily intake (EDI) for caffeine 
(typically averaging 150-200 mg/day in the US) greatly exceeds the acceptable 
daily intake (ADI), as determined from animal feeding studies; yet 
epidemiological studies fail to demonstrate an association between caffeine 
ingestion and adverse reproductive outcomes. An extensive summary and 
evaluation of available studies on caffeine was prepared by Christian and 
Brent, (2001), and given the structural similarities to theobromine, is directly 
relevant. The developmental NOEL for caffeine in rodents is about 30 mg/kg 
bw/day. Application of a safety factor of 100 would lead to an ADI of about 18 
mg/person/day. As stated above, about one-half of adults consume 300 mg 
caffeine per day. Nevertheless, Christian and Brent, (2001) conclude that 
"the usual range of human exposures to caffeine from food and beverages 
is below the threshold dose that would result in  
developmental/teratogenic or reproductive effects." 

Toxicologists at Health Canada recently reviewed existing safety studies 
on caffeine (Nawrot et al., 2003) and concluded that moderate daily 
caffeine intake at a level up to 400 mg/day is not associated with adverse 
effects such as general toxicity, cardiovascular effects, effects on bone 
status and calcium balance, increased incidence of cancer and effects 
on male fertility. They also concluded that reproductive-aged women could 
consume < 300 mg caffeine per day. The authors stated that "based on 
limited epidemiological data, it can be concluded that it is unlikely that 
moderate intake of caffeine (< 300 mg/day) by pregnant or nursing 
mothers would pose adverse effects on postnatal development." 
Health Canada's most recent recommendations can be accessed at 
http://www.hc-sc.gc.ca/hl-vs/iyh-vsv/food-aliment/caffeine-
eng.php#he. "For women of childbearing age, the new 
recommendation is a maximum daily caffeine intake of no more than 
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300 mg, or a little over two 8-oz (237 ml) cups of coffee. For the rest 
of the general population of healthy adults, Health Canada advises a 
daily intake of no more than 400mg." 

  

Theobromine is a metabolite of caffeine and is structurally similar to caffeine 
thereby enabling caffeine data to be used in the safety assessment of 
theobromine. There is some similarity in reproductive effects observed in 
laboratory animals. Regular consumers of cocoa or chocolate ingest large 
amounts of theobromine with no reported adverse reproductive effects. 
Conclusions relating to caffeine safety are applicable to theobromine. The same 
types of reproductive effects reported above for theobromine have been 
reported albeit at significantly lower levels for caffeine. Delayed ossification is 
the developmental effect most frequently reported. Christian and Brent, (2001); 
Collins et al.(1987); and  Carney and Kimmel, (2007) have argued that this 
effect is reversible and does not affect the health or survival of neonates, but it 
is a treatment-related effect. The ADIs for theobromine and caffeine based on 
animal studies are much lower than the current EDI. The evaluation of Health 
Canada for caffeine and its conclusions also apply to theobromine. Intakes of < 
300 mg of caffeine per day are considered safe and the amount of theobromine 
from its use in the specified foods identified above is considered safe 
because the mean intake of theobromine by the total U.S. population from 
all proposed food-uses was estimated to be 150 mg/person/day or 
2.7 mg/kg body weight/day.  The heavy consumer (90th percentile) all-user 
intake of theobromine by the total U.S. population from all proposed food-
uses was estimated to be 319 mg/person/day or 5.8 mg/kg body 
weight/day.  

 

5. CHRONIC TOXICITY/ CARCINOGENICITY  

i. Animal Studies 

 

There are no published studies on the carcinogenicity of theobromine in 
experimental animals. The only known carcinogenicity study of theobromine 
showed no effects in Fischer 344 rats following administration of 0.025 and 
0.05% theobromine in drinking water for 18 months (S. Takayama, personal 
communication, 1981). 
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Tarka et al. (1991) conducted a comprehensive chronic 
toxicity/carcinogenicity study of a reference cocoa powder with defined 
quantities of theobromine and caffeine under Good Laboratory Practice 
(GLP) conditions in the offspring of Sprague-Dawley rats from a 
multigeneration study of this dietary reference cocoa powder (Hostetler et al. 
1990). These offspring were maintained on cocoa powder-containing diets 
for 104 weeks at the same dietary concentrations (0, 1.5, 3.5 and 5.0%) that 
had been fed to their predecessors for three generations. It should be noted 
that at baseline, both male and female rats (F3B generation) had 8-11 % 
lower body weights in the 3.5 and 5.0 % cocoa powder groups. Daily 
methylxanthine exposure for the high dose groups of males and females 
was calculated to be approximately 151 mg/kg/day of total methylxanthines 
during weeks 0-26) from 5 % cocoa powder. Diets containing the highest 
concentration of cocoa powder (5.0%) provided mean intakes during weeks 
26-104 of 2.1 g theobromine/kg body weight/day and 2.7 g theobromine/kg 
body weight/day respectively for male and female rats. The calculated 
methylxanthine intakes (based on 93% theobromine, 7% caffeine) by these 
animals were approximately 60 mg/kg body weight/day (males) and 75 
mg/kg body weight /day (females). Also, satellite groups of 30 
animals/sex/treatment were included for clinical chemistry, hematology, 
urinalysis, opthalmoscopic observations and histopathology at 26, 52, and 
78 weeks. At these time intervals, 10 animals/sex/treatment from these 
groups were examined. All remaining animals were examined in an identical 
fashion in the carcinogenicity endpoint at 104 weeks. 

Clinical chemistry, hematology, urinalysis, opthalmoscopic observations in 
the satellite groups and in the carcinogenicity group at 104 weeks showed 
no convincing evidence of a treatment-related effect except for a significant 
increase in cholesterol in the high dose group females at 26, 52, and 78 and 
104 weeks. 

The results from this study clearly indicated no evidence of carcinogenicity.  

The incidence of bilateral diffuse testicular atrophy was increased and 
spermatogenesis was decreased in male rats fed 5% cocoa powder. These 
effects were not unexpected since at high concentrations, methylxanthines –
theobromine, caffeine and theophylline –are known to exhibit effects on the 
testis in rats (Friedman et al. (1978), Gans, (1984), Tarka et al. (1979, 
1981), Ettlin et al. (1986), Wang et al. (1992) and Wang and Waller (1994). It 
should be noted that the statistically significant effects on the testis were 
apparent only in male rats fed the highest concentration of cocoa powder 
(5%), and only occurred after 78 weeks of continuous exposure.  
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Aside from the effects noted above for the testes, there were no consistent 
statistically significant treatment and dose-related adverse histopathological 
findings for other organs examined at any time point beyond the historical 
control incidence for this strain and sex. At the highest level tested (5% 
cocoa powder), there was limited involvement in the heart and kidneys. 
Increases in both sexes in the incidence of interstitial fibrosis in the heart 
suggested that this organ may represent another target organ from exposure 
to continuous intake of 5% cocoa powder in the diet. Similarly, non-
supporative myocarditis was also present in rats of both sexes fed 5% cocoa 
powder diets. However, the absence of consistent time- and dose-
associated effects together with reports of similar lesions observed in this 
strain of rat irrespective of treatment (Anver et al., 1982; Greaves and 
Faccini, 1984a; Laham et al., 1985) casts considerable doubt on an 
unequivocal relationship between dietary cocoa powder and the cardiac 
lesions observed. It is likely that the increased incidence of non-supporative 
myocarditis resulted from exacerbation of spontaneous, age-related lesions. 
The authors also noted that methylxanthines possess well documented 
positive inotropic properties and other cocoa powder components may also 
influence myocardial contractibility (Rall, 1985). Thus, increased cardiac 
workload may have also been a contributing factor. It is worth noting that 
these cardiac lesions had no apparent effect on survival.  Although 
increases in both renal pelvic dilatation (hydronephrosis) and pelvic 
microcalculi in high cocoa powder-fed rats of both sexes were evident from 
cumulative incidence data, these effects lacked convincing temporal and 
dose-related qualities. The development of renal pelvic dilitation has been 
shown to be a polygenic heritable trait (Van Winkle et al., 19888) and, since 
the F3b generation of rats in a multigeneration study was used in this study, 
genetic predisposition may have been a contributing factor. Dietary protein 
has also been implicated as a possible causative factor in the development 
of pelvic dilatation (Greaves and Faccini, 1984b). The development of pelvic 
renal microcalculi occurs spontaneously in aging rats (Woodard and Khan, 
1986), and in this study was far more prevalent in female rats than in males. 
Besides age, local factors independent of treatment status are known to be 
important in the initiation of stone formation in rats (Heptinstall, 1974a,b). 
The increase in the incidence of both renal pelvic dilatation and pelvic 
microcalculi in cocoa powder fed rats probably reflects a complex interaction 
between factors such as gender, diet composition, age, strain, urine 
production and genetic predisposition. Whereas dietary cocoa powder 
cannot be ruled out as a possible contributing factor, an obvious cause and 
effect relationship between cocoa powder intake and renal lesions observed 
was not demonstrated in this study.  None of the sequelae discussed above 
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affected survival rates. Chronic dietary exposure to a well characterized 
cocoa powder under the conditions of this bioassay was not carcinogenic in 
male or female Sprague-Dawley rats. The results from this study are also 
directly applicable and supportive of the long-term safety of theobromine 
consumption. 

 

CALCULATIONS FOR TOTAL METHYLXANTHINE INTAKE FROM 
COCOA POWDER CONTAINING 2.5% THEOBROMINE AND 0.19% 
CAFFEINE IN LIFETIME FEEDING STUDY (CHRONIC 
TOXICITY/CARCINOGENICITY) 

The methylxanthine content of the cocoa powder used in the chronic 
toxicity/carcinogenicity study was comprised of 93% theobromine and 7% 
caffeine. Cocoa powder provided 25.8 Theobromine (mg/g) + 0.19 (mg/g) 
Caffeine = 25.99 mg total methylxanthines/g cocoa powder.  

In the 1st week, male rats (mean weight of 134 grams) consumed 5.8 g 
natural cocoa powder/kg bw/day from diet supplemented with 5% cocoa 
powder, equivalent to 0.78 grams cocoa powder/day. 

The total methylxanthine intake (mg/day) was ~ 20.27 mg/day 

This translated to 151 mg/kg/day of methylxanthines in rats consuming 5% 
cocoa powder. Initial methylxanthine intake was high in all treatment groups, 
but steadily declined until wk 26. The high dose level provided a mean 
methylxanthine intake of approximately 57 mg/kg body weight/day for males 
and 74 mg/kg body weight/day for females from wk 26 to wk 104 of the 
study. 

Diets containing the highest concentration of Cocoa Powder (5.0%) provided 
mean intakes (during wk 26--104) of 2.1 g/kg body weight/day and 2.7 g/kg 
body weight/day for male and female rats, respectively. The calculated 
methylxanthine intake by these animals was approximately 60 mg/kg body 
weight/day (males) and 75 mg/kg body weight/day (females).  

A short-term carcinogenicity study of intraperitoneally [inappropriate route 
of exposure for a food ingredient] injected theobromine (18 mg/kg b.w. 6 
times during 36 hrs after ethylcarbamate treatment (single s.c. dose of 0.1 
mg/g b.w.) significantly reduced both the incidence and number of lung 
tumors induced by ethylcarbamate in ICR/Jc1 mice (Nomura, 1983). 
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6. HUMAN STUDIES 

Diuretic doses of theobromine indicate a very low order of toxicity. Nascher 
(1915) administered 2.72 g theobromine at two hour intervals for eight hours 
to a female, aged 65, with arteriosclerosis, chronic interstitial nephritis, aortic 
and mitral regurgitation, and uterine fibroid, and edema of the legs. This was 
followed by subsequent dosing for a total of 24.8 g theobromine over a 50 
hour period. This resulted in substantial urinary output but no resolution of 
the edema in the legs. There was no toxicity reported. Schroeder (1951) 
demonstrated in 40 patients suffering from congestive heart failure that 
Theocalcin (composed of a calcium salt of theobromine and calcium 
salicylate) at a dose of 3- 4.5 g/day for 2 weeks was very efficacious as a 
diuretic in increasing urinary and chloride output with no untoward effects 
reported. 

Adverse effects of 'large doses' of theobromine in humans may include 
nausea and anorexia (Reynolds, 1982). Long-term consumption of large 
quantities of cocoa products, resulting in a methylxanthine intake of 1.5 g 
per day, may result in sweating, trembling and severe headaches (Czok, 
1974). Some of these latter effects may be attributed to caffeine. 

Birkett et al. (1985) reported no clinical signs or symptoms in a study of 13 
healthy volunteers including four smokers (4 females and nine males, mean 
age 24.7 years (range 20-32) mean weight 71.3 kg (range 48-101) who 
consumed 200 mg theobromine orally, three times a day for one day. 
Ingestion of theobromine in sweet chocolate at a dose equivalent of 6 mg/kg 
body weight/day (400-500 mg theobromine) for one week had no effect on 
clinical parameters in 12 healthy non-smoking non-medicated male human 
subjects 22 to 29 years old (body weight mean 76.2 + 8.3 kg) (Shively et al., 
1985). A good example of present day regular and long-term consumption of 
extremely large quantities of cocoa can be readily found in an indigenous 
population of Kuna Amerind Indians living on the isolated San Blas Islands 
off the coast of Central America (McCullough et al., 2006). This population 
consumes an unusually high amount of cocoa as a regular component of 
their diet in a number of recipes including in a home-brewed water extract 
beverage. Chemical analyses of their cocoa source indicate that it is very 
high in both cocoa flavanols and procyanidins, both of which are good 
markers for cocoa content. It has been reported that the Kuna may regularly 
consume approximately four (4) 8 ounce cups of the prepared cocoa 
beverage with no adverse effects. Such intake would provide several 
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hundred milligrams of theobromine daily and long-term.  Indeed, positive 
cardiovascular benefits including a lack of age-related hypertension in spite 
of a high salt intake have been clearly documented in this population. 

Studies on a possible association between consumption of methylxanthines 
and benign breast disease (fibrocystic breast disease) have been 
summarized by the IARC Working Group (1991). Fibrocystic breast disease 
is found in more than 50% of women and is argued by some to be a risk 
factor for breast cancer. However, many of the studies reviewed by the 
Working Group showed no relationship. Many well-controlled studies in the 
evaluation supported the conclusion and the 1984 position of the Council of 
Scientific Affairs of the American Medical Association that: “there is currently 
no scientific basis for associating methylxanthine consumption with 
fibrocystic disease of the breast. Indeed, it has been suggested that lumpy, 
fibrous breast tissue in women is normal and represents a response to 
physiological hormonal variation. ”This has also recently been confirmed in a 
large prospective study by Ishitani et al. (2008) (Women’s Health Study) who 
evaluated the association between caffeine consumption and breast cancer 
risk in women enrolled in a completed cancer prevention trial. Detailed 
dietary information was obtained at baseline (1992-1996) from 38,432 
women 45 years or older and free of cancer. During a mean follow-up of 10 
years, they identified 1188 invasive breast cancer cases.  They reported no 
overall association between caffeine consumption and breast cancer risk but 
noted that caffeine was positively associated with risk of estrogen receptor 
(ER)–negative and progesterone receptor (PR) – negative breast cancer 
and breast tumors larger than 2 cm. This association may be a result of 
chance since a large number of subgroups were evaluated. Further 
investigation is warranted.  Ishitani et al. (2008) also noted that this latter 
finding was not consistent with the results of the Iowa Women’s Health 
Study and the Nurses” Health Study, in which no association between 
caffeine consumption and risk of cancer (ER or PR status) was observed. 
Caffeine levels were similar to the current study. 

 

Theobromine as a component of chocolate and cocoa products has been 
consumed for more than three thousand years without reports of any toxicity 
or carcinogenicity in humans. There have been no reported effects of 
theobromine related to any specific target organ toxicity. The only reference 
in the literature to an alleged etiological association of theobromine as a 
potential risk factor was noted in one paper relative to prostate cancer by 
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Slattery and West (1993). In a case-control study on newly diagnosed cases 
of prostate cancer (n=362) and age-matched controls (n=685) in Utah, an 
increased risk for prostate cancer in older men was suggested for a mean 
theobromine intake of 11 mg or greater per day. The odds ratios were 2.06 
(95 percent confidence interval (CI) =1.33-3.20) and 1.47 (CI=0.99-2.19). 
This was in an older population of Mormon men who had been newly 
diagnosed with prostate cancer. Given the small numbers and lack of a 
linear association with aggressive tumors, this potential association appears 
to be a spurious statistical finding of questionable relevance and reliability. 
There have not been any supporting reports in the past decade.  

 In the IARC Monograph (1991), for theobromine, it is stated in the 
Evaluation Section:” There is inadequate evidence for the carcinogenicity in 
humans of theobromine.” This is a Group 3 Classification by IARC and is 
further explained as follows: The agent (mixture, exposure circumstance) is 
not classifiable as to its carcinogenicity in humans. Agents, mixtures and 
exposure circumstances are placed in this category when they do not fall 
into any other group. There are no published data on the carcinogenicity of 
theobromine in experimental animals. The only available published study is 
the chronic toxicity/carcinogenicity study on cocoa powder (Tarka et al., 
1991) and this study was published after the IARC review and publication 
and thus was not considered in their evaluation. 

Baron et al. (1999) reported in a double-double blind, placebo-controlled, 
randomized, crossover study, on the hemodynamic and electrophysiologic 
effects of chocolate (100 grams) in young adults (seven women and six 
men, aged 23 to 32 years (mean +SD 27.3 + 2.83) without detectable heart 
disease). This would have provided 185 mg theobromine and 29 mg 
caffeine. Theobromine serum levels reached 9.2 µg/ml, and while several 
subjects experienced nausea and gastrointestinal discomfort, no changes 
were found in any of the variables investigated for either 
electrocardiographic or echocardiographic changes as well as no changes in 
various heart efficiency parameters. The authors concluded that chocolate, 
and hence theobromine, do not cause any acute hemodynamic changes in 
the hearts of young adults. Usmani et al., (2005) reported that theobromine 
effectively inhibits sensory nerve activation and cough reflex in a guinea pig 
model and in a small human trial (10 healthy volunteers, no other details 
provided) with no adverse effects. They reported in a small clinical trial that 
the effects were peripherally mediated in terms of nerve inhibition, within a 
therapeutic range for theobromine (doses not reported). The anti-tussive 
effects of theobromine holds potential for a new class of drugs. 
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Giannandrea (2009) conducted a correlation analysis to examine the 
possible role of cocoa consumption on the occurrence of selected male 
reproductive diseases during the prenatal and early life period of cases. The 
incidence rates between 1998-2002 of testicular cancer in 18 countries 
obtained from Cancer Incidence in Five Continents were correlated with the 
average per-capita consumption of cocoa (kg/capita/year) (FAOSTAT-
Database) in these countries from 1965 to 1980, i.e. the period 
corresponding to the early life of TC cases. While suggesting a correlation 
with this one component of the diet, based solely on animal studies with 
theobromine at extremely high dietary levels, the author acknowledges that 
there are many other factors to consider and the ecological approach used 
in this study cannot provide an answer on the causal relationship between 
consumption of cocoa in early life and testicular cancer and hypospadias. 
The author noted that results are suggestive and indicate the need for 
further analytic studies to investigate the role of individual exposure to 
cocoa, particularly during the prenatal and in early life of the patients. 

 

Chocolate Consumption in Pregnancy and Reduced Likelihood 
of Preeclampsia 

Triche et al. (2008) studied the association of chocolate consumption with 
risk of preeclampsia in a prospective cohort study of 2291 pregnant women 
who delivered a singleton live birth between September 1996 and January 
2000. Preeclampsia is a serious maternal complication of pregnancy that 
affects 3% to 8% of pregnancies and shares many characteristics and risk 
factors of cardio-vascular disease, including endothelial dysfunction, 
oxidative stress, hypertension, insulin resistance, and hypertriglyceridemia. 
Cardiovascular manifestations of preeclampsia include changes in vascular 
reactivity, hypertriglyceridemia, endothelial dysfunction, and hypertension. 
Women with pre-eclampsia may also be at increased risk of cardiovascular 
disease and metabolic disturbances in the years following pregnancy. 

Chocolate consumption was measured by self report in the first and third 
trimesters, and by umbilical cord serum concentrations of theobromine, the 
major methylxanthine component of chocolate. Umbilical cord blood levels of 
theobromine provide an objective indicator of recent maternal cocoa and 
chocolate intake since theobromine is rapidly absorbed from the 
gastrointestinal tract and freely crosses the placental barrier and thus these 
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data are not hampered by possible recall bias of self-reported 
measurements. 

Preeclampsia was assessed by detailed medical record review for 1943 of 
the women. Preeclampsia developed in 3.7% (n = 63) of 1681 women. Cord 
serum theobromine concentrations were negatively associated with 
preeclampsia (an OR = 0.31; CI = 0.11-0.87 for highest compared with 
lowest quartile). Self-reported chocolate consumption estimates also were 
inversely associated with preeclampsia. Compared with women consuming 
under 1 serving of chocolate weekly, women consuming 5+ servings per 
week had decreased risk: a OR = 0.81 with consumption in the first 3 
months of pregnancy (CI = 0.37-1.79) and 0.60 in the last 3 months (0.30-
1.24).These results suggest that chocolate consumption during pregnancy 
may lower risk of preeclampsia. However, reverse causality may also 
contribute to these findings. "If women diagnosed with preeclampsia 
reduced their calorie intake (including chocolate) subsequent to their 
diagnosis, and if the reported third trimester consumption or cord 
theobromine concentration represented exposure after the time of diagnosis, 
reverse causality could explain some of our findings. (Reverse causality 
could not explain the first trimester findings.)" 

The authors suggested that their findings of an inverse relationship between 
cord serum theobromine concentrations and risk of preeclampsia may be 
due to a direct role of theobromine. Additionally, during pregnancy, 
theobromine (or the other methylxanthines in chocolate) may improve 
placental circulation and inhibit xanthine oxidase, which, in the setting of 
hypoxia, increases production of reactive oxygen species and free radicals. 
Alternatively, theobromine concentrations could play an indirect role by (1) 
acting as a proxy for others chemicals (such as flavanols or magnesium) 
found in cocoa, (2) their correlation with other unmeasured dietary factors 
that influence risk of preeclampsia or (3) acting as a proxy for maternal 
metabolism of theobromine whereby enzymatic activity associated with 
metabolism, rather than actual theobromine concentrations, is responsible 
for influencing the risk of maternal outcomes. Because of the importance of 
preeclampsia as a major complication of pregnancy, the authors call for 
further studies to replicate these findings in other large prospective studies 
with a detailed assessment of chocolate consumption. Measurements of 
chocolate exposure should be designed to permit careful examination of the 
temporal relationship between chocolate consumption in pregnancy and 
subsequent risk of preeclampsia. 
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To examine this further, Klebanoff et al. (2009) conducted an evaluation of 
data from 2769 women in a control group from a case-control study of 
caffeine metabolites and spontaneous abortion nested within the 
Collaborative Perinatal Project. These women were pregnant between 1959 
and 1966, with live born infants of at least 28 weeks’ gestation. Serum was 
drawn at <20 weeks and >26 weeks’ gestation, and assayed for 
theobromine by high-performance liquid chromatography. Odds ratios (ORs) 
for preeclampsia were estimated using logistic regression, and adjusted for 
age, education, pre-pregnant weight, race, parity, smoking, and gestation at 
blood draw. Preeclampsia occurred in 68 (2.9%) of 2105 eligible women. 
Adjusted ORs for preeclampsia were near unity across most third-trimester 
theobromine concentrations. Adjusted ORs for preeclampsia according to 
theobromine concentration in serum at <20 weeks’ gestation increased with 
increases in concentration, although estimates were imprecise. This study 
does not support the previous finding that chocolate consumption is 
associated with a reduced occurrence of preeclampsia. The authors 
concluded that their study shows little evidence of a reduced risk of 
preeclampsia with higher serum theobromine concentrations during the third 
trimester. However, both this study and that of Triche et al., (2008) are small 
(68 and 63 cases of preeclampsia, respectively) and estimates are 
imprecise. The authors provided additional information for the differences 
observed noting that preeclampsia is considered to have several phases, 
with the early phase consisting of placental implantation, which normally 
occurs in a hypoxic environment to minimize exposure of the embryo to 
oxygen free radicals.  Defective implantation can cause a variety of 
biochemical abnormalities, one or more of which may be the proximate 
cause of the clinical syndrome. Among these abnormalities are markers of 
endothelial dysfunction and oxidative stress, although whether these are the 
cause or manifestation of the underlying abnormalities is unknown. 
Therefore, were chocolate consumption to affect preeclampsia, the relevant 
period might be very broad and the optimal time to assess chocolate 
consumption uncertain. 

There are also limitations in the Klebanoff et al. (2009) study. As controls for 
another study, all women had live born infants of at least 28 weeks’ 
gestation. Cases of preeclampsia resulting either in a birth before 28 weeks’ 
gestation or a stillbirth had been excluded, which might introduce selection 
bias if theobromine were specifically associated with these cases. 
Unmeasured confounding by constituents of chocolate other than 
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theobromine is a potential limitation. Flavonoids and antioxidants occur in 
greater amounts in dark chocolate than in other forms of chocolate; dark 
chocolate was likely not eaten as commonly by women in the Klebanoff et 
al. (2009) study, during the 1960s, compared with women studied by Triche 
et al. (2008) many years later. Other potential sources of unmeasured 
confounding include dietary or lifestyle characteristics of women who 
consume large amounts of chocolate, although they controlled for similar 
factors as Triche et al. (2008). Conditions that either reduce estrogen 
concentrations in pregnancy or result from lower estrogens might lower the 
concentration of theobromine for a given chocolate intake (and thereby 
produce an artifactual inverse association between serum theobromine and 
that condition) if these conditions blocked the decline of CYP 1A2 activity. 
However, neither preeclampsia nor increases in blood pressure in normal 
pregnancy have been associated with changes in serum estrogen 
concentration. Future studies should obtain intake and biomarker data 
(theobromine and other actives in dark chocolate), remote from the 
diagnosis of preeclampsia, on larger numbers of pregnant women to obtain 
more detailed and precise estimates of this association. 

 

7. In Vitro Studies 

It is well known that angiogenesis plays an important role in cancer cell 
growth and metastasis formation. Gil et al. (1993) examined the effect of 
theobromine administered subcutaneously to BALB/c mice in doses of 1-125 
mg/kg body weight on days 0, 1 and 2 following intradermal inoculation of 
E14/W lung carcinoma cells. Theobromine as a purinoceptor antagonist 
inhibited tumor-related angiogenesis and thus may inhibit neovascularization 
in tumor growth and metastasis. This same group showed that theobromine 
significantly decreased the activity of mononuclear cells obtained from 
diabetic patients with proliferative retinopathy in their ability to induce 
neovascularization and suggested that it should be evaluated further for its 
utility in treatment. Barcz et al. (1998) determined that theobromine, as an 
adenosine receptor antagonist, caused significant inhibition of angiogenic 
activity of ovarian cancer cells and suggested its mechanism of action is 
related to the inhibition of vascular endothelial growth factor (VEGF) 
production. Skopinska-Rozewska et al. (1998) further showed in vivo the 
effect of theobromine suppression on angiogenic activity of human urothelial 
cell line (HCV-29), v.raf transfected (in the mouse cutaneous assay), and the 
in vitro effect on VEGF mRNA expression. 
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Sadzuka et al. (1995) showed in vitro that theobromine inhibited the efflux of 
the antitumor agent adriamycin, increased its antitumor activity and the 
concentration of adriamycin in tumors. When the RNA binding efficacy of 
theophylline, theobromine and caffeine were examined in yeast cells, 
theobromine and caffeine had about half the binding affinity to RNA as 
theophylline (Johnson et al. 2003). 

 

Relative to their antioxidant and prooxidant activities, Azam et al. (2003) 
demonstrated that caffeine, theobromine and xanthine have a quenching 
effect on the production of hydroxyl radicals, as well as on oxidative DNA 
breakage by hydroxy radicals. They can be prooxidants in the presence of 
transition metal ions. 

 

8. Potential Allergenicity 

There is only one case report (an abstract) in the literature dealing with 
allergy to methylxanthines (Cordobes-Duran et al., 2007). A 46 year old 
male had itching in his palms and an acute episode of urticaria immediately 
after ingestion of a medicine containing caffeine. He also suffered an 
urticaria episode immediately after drinking a cup of coffee. Sometime later, 
he drank another cup of coffee experiencing another similar episode. The 
patient had previously noted that some years before he had suffered 
episodes of urticaria after eating chocolate – which contains theobromine – 
although those episodes were less severe. Data presented were suggestive, 
but because of other cardiac health concerns the subject was not challenged 
with individual methylxanthines. 

The potential allergenicity to theobromine in the general population is 
minimal. 

 

9. Potential Drug Interactions 

The methylxanthines, theobromine, caffeine and theophylline, are 
extensively metabolized by the Cytochrome P450 enzymes. Thus, any drug 
that is known to inhibit or induce CYP4501A2 or CYP4502E1 has the 
potential to impact the clearance of these di-and tri-methylxanthines. Carillo 
et al. (1998) demonstrated in schizophrenic patients an interaction between 
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caffeine and clozapine, both of which are CYP1A1 substrates. In seven 
subjects on monotherapy, clozapine concentrations were lower after they 
were changed to a caffeine-free diet for 5 days. Therefore, habitual caffeine 
and presumably ingestion of other methylxanthines could alter the 
metabolism of this drug in this special population. In this situation, 
methylxanthine intake should be medically supervised and levels of 
clozapine monitored in schizophrenic patients taking this drug. 

An earlier experimental study by Harris et al. (1986) showed that nonlethal 
doses of the methylxanthines caffeine or theophylline, produced dose-
dependent lethality in rats pretreated with isoniazid. This drug has been 
used clinically as an antitubercular agent and produces secondary effects on 
neurotransmission. Isoniazid blocks GABA synthesis, thereby reducing 
GABAergic neurotransmission and increasing the risk of epileptic seizures. 
In this report, isoniazid pretreatment did not alter theophylline concentration 
in blood or brain, suggesting that the drug interaction was not due to altered 
distribution or metabolism of theophylline. Death was associated with tonic-
clonic seizures and pulmonary congestion. The toxicity of the drug 
combination was blocked by the anticonvulsants diazepam, barbital, and 
trimethadione, but not by chlorpromazine, a sedative drug which lacks 
anticonvulsant activity. Thus, a fatal drug interaction was experimentally 
demonstrated in rats between isoniazid and theophylline which may be due 
to convulsions that trigger a shock lung syndrome. 

 

Another example of a potential drug interaction with the methylxanthines is 
with the drug Cimetidine. It is used to treat and prevent certain types of 
ulcer, and to treat conditions that cause the stomach to produce excess 
acid. Cimetidine is a known inhibitor of many isozymes of the cytochrome 
P450 enzyme system (specifically CYP1A2, CYP2C9, CYP2C19, CYP2D6, 
CYP2E1, and CYP3A4) and thus there is a decrease in renal clearance of 
other drugs. In this case, it could inhibit the clearance of theobromine, 
caffeine and theophylline. While Cimetidine was once widely used to relieve 
heartburn by reducing gastric acidity, its use today is more limited. The 
development of longer-acting H2-receptor antagonists with reduced adverse 
effects such as ranitidine proved to be the downfall of Cimetidine and, while 
it is still used, it is no longer among the more widely used H2-receptor 
antagonists. Side effects from cimetidine can include dizziness, and more 
rarely, headache. 
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It can be concluded that any drug that is known to inhibit or induce 
CYP4501A2 or CYP4502E1 has the potential to impact the clearance of 
these di-and tri-methylxanthines including theobromine but the risk here is 
no different that which already occurs from common dietary exposure from 
foodstuffs. 

 

10. OTHER ANIMAL STUDIES  

Since cocoa byproducts are used as a component of animal feed in many 
countries where chocolate and cocoa products are produced, EFSA (2008) 
recently completed an evaluation of theobromine exposure in animal feeds 
from available literature. Results are summarized below. 

 

i. Domestic Animals 

In dairy cows, reduction in milk yield and increase in fat content occurred 
when fed theobromine at approximately 15 mg/kg b.w. per day (Weniger et 
al., 1955,1956). 

Adverse effects (hyperexcitability, sweating, and increased respiration and 
heart rates) were found in calves fed theobromine between 45 and 90 mg/kg 
b.w. for some weeks (Curtis and Griffiths (1972). 

• In goats, reduced dry matter intake and body weight gain were found at the 
lowest theobromine dose tested, approximately 300 mg/kg b.w. per day for 
56 days (Aregheore 2002).  

• In lambs exposed to theobromine for 3 months, the NOAEL was identified 
as approximately 35 mg theobromine/kg b.w. per day. At higher doses, 
depression of feed intake and weight gain was seen. In adult sheep reduced 
feed intake was observed at exposure of approximately 50 mg 
theobromine/kg b.w. per day for 5 days. No effects were observed when this 
level was given as a single dose (Tarka et al., 1978). 

• In horses, a single dose of 0.29 g of theobromine (estimated to be about 
0.5 mg/kg b.w.) did not cause any clinical or biochemical effects (Kelly and 
Lambert, 1978). 

• In pigs, feeding studies with cocoa meal resulting in exposure to 24 mg/kg 
b.w. of theobromine caused growth retardation and diarrhea, and made pigs 
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lethargic. For young growing pigs a NOAEL of 7 mg/kg b.w. was identified. 
Older growing pigs appeared to tolerate somewhat higher doses (Braude 
and Foot,1942, Braude, 1943; Yang et al., 1997). 

• The NOAEL of theobromine in young chickens were found to vary between 
260 and 1100 mg/kg diet (approximately 26-110 mg/kg b.w. per day), with 
depressed feed intake and weight gain at higher doses (Day and Dilworth 
1984; Odunsi and Longe, 1995a, 1998). In older broiler chickens, a LOAEL 
of 950 mg/kg (approximately 95 mg/kg b.w. per day) was found (Odunsi et 
al., 1999). 

• For laying hens a LOAEL of 1100 mg theobromine/kg diet (corresponding 
to 66 mg/kg b.w. per day) may be identified, based on liver and kidney 
toxicity, depressed weight gain and egg-production (Odusi and Longe, 
1995a,b). 

• In rabbits, the NOAEL was 63 mg theobromine/kg b.w., based on variation 
in skeletal development observed at 41 mg/kg b.w. (Tarka et al., 1986a). 

• In dogs, acute fatal intoxication may occur after a single ingestion of 
theobromine at 80- 300 mg/kg b.w. Dogs dosed up to 50 mg/kg b.w. for 1 
year did not show adverse effects (Gans et al., 1980). 

 

ii. Wild Animals 

 

In a series of small tests, Johnston (2005) evaluated the toxicity of 
methylxanthines in coyotes as a means of population control based on 
previous toxicity studies in dogs. In the first of these studies, two coyotes 
were given a ration of theobromine and caffeine (13:1) in lard/rendered 
bacon fat/soybean oil that the animals could consume within 3 hours. One of 
the animals vomited shortly after the acute dose and survived. The other 
animal that had ingested 413 mg theobromine and 31.6 mg caffeine died 
following 15 seconds of symptoms, which included recumbent posture and 
labored breathing. In a second experiment, coyotes (4 animals/dose) were 
gavaged with a single dose of a theobromine/caffeine mixture (13:1) at 400, 
450, 650, or 850 mg/kg body weight, diluted in 1:24 in water, and given 60 
mL extra water. Before it was decided to administer the methylxanthines in 
water, two coyotes received 450 mg of the mixture/kg body weight in water 
suspension, and two other animals in soybean oil suspension. The two 
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animals that received the latter suspension regurgitated the suspension 
shortly after dosing and survived. The two animals receiving the water-
based suspension retained the methylxanthines and showed relatively mild 
signs of toxicosis: increased salivation and slight trembling for several 
minutes. Premortality symptoms were relatively mild in this study. The LD50 
was calculated to be 516 mg/kg b.w. and the LD99 619 mg/kg b.w. Another 
group of coyotes (4 animals/dose) was treated with 600 mg 
methylxanthines/kg b.w. but the ratio of theobromine to caffeine differed: 1:1, 
1:2, 2:1, 4:1, 5:1, or 6:1. Animals given the dose in the ratio 1:1 and 1:2 
exhibited vigorous symptoms of toxicosis and were euthanized. Animals 
given the other rations died during the post-dosing observation and duration 
and magnitude of premortality symptoms generally decreased with 
increasing proportion of theobromine. From these data an additional acute 
toxicity study was designed with a ratio of theobromine to caffeine of 5:1 at 
the doses 250, 350, 450 and 650 mg/kg b.w. Percent lethal toxicity was 
dose-dependent, and resulted in LD50 and LD99 values of 336 and 385 
mg/kg body weight, respectively. Premortality symptoms were minimal. 

 

In a Swedish case study, a red fox (Vulpes vulpes) and a European badger 
(Meles meles) were found dead on a golf-course close to a farm using 
chocolate waste as pig feed. Theobromine and caffeine were identified in 
gastric contents and theobromine in samples of liver tissue analyzed by 
reversed phase HPLC (Jansson et al., 2001). The gastric content of 
theobromine of the red fox was 420 µg/g, whereas samples of the gastric 
content of the badger contained 270 µg/g theobromine. Caffeine occurred at 
lower levels, 10 and 110 µg/g, respectively. Liver samples contained 64 and 
105 µg theobromine per g of liver sample, respectively. At necropsy both 
animals had acute circulatory collapses. The histological examination also 
showed acute non reactive edema in liver, kidney, lung, lymph nodes, heart, 
and meninges. Both animals had mild mononuclear corneal cell infiltration 
and corneal edema, as well as multifocal hemorrhages. 

 

A case report describes a male kea (wild parrot) died by consuming 
chocolate (Gartrell and Reid, 2007). The bird had previously been involved 
in behavioral tests of problem solving ability. It was found dead and the crop 
contained 20 g of what appeared to be dark chocolate. A conservative 
estimate of the dose of ingested methylxanthines was 250 mg/kg b.w. of 
theobromine and 20 mg/kg b.w. of caffeine. Histopathological examination 
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revealed acute degenerative changes to hepatocytes, renal tubules, and 
cerebrocortical neurons. 

 

11. Summary and Basis for GRAS Conclusion  

 

Commercial theobromine is a high purity (98-99%) white fine powder 
manufactured by chemical synthesis in accordance with current Good 
Manufacturing Practice and consistently meets appropriate food-grade 
specifications. The history of cacao use, and thus of theobromine intake, 
dates back more than three thousand years where cacao was first 
consumed as a fermented–type cocoa drink in Central America.  

 

Theobromine has a long-standing history of safe consumption in human 
foods from its natural presence in several plant-derived sources (primarily 
from cacao and chocolate-based products, and also from tea, coffee and 
kola nuts). 

 

Exposure to theobromine was determined for both background intake 
estimates and proposed uses as follows. The USDA nutrient database was 
combined with the NHANES 2003-2004, 2005-2006 dietary intake data to 
estimate the background intake of theobromine.  Approximately 65.1% of the 
total U.S. population was identified as potential consumers of theobromine 
on a regular basis.  Consumption of a standard diet by the total U.S. 
population resulted in estimated daily mean all-person and all-user intakes 
of theobromine of 43 mg/person/day (0.8 mg/kg body weight/day) and 61 
mg/person/day (1.1 mg/kg body weight/day), respectively.  The estimated 
daily 90th percentile all-person and all-user intakes of theobromine within the 
total population were 123 mg/person/day (2.2 mg/kg body weight/day) and 
147 mg/person/day (2.9 mg/kg body weight/day), respectively.  

 

When the database was examined for contribution of proposed uses of 
theobromine to that from its natural occurrence in foods, approximately 
94.6% of the total U.S. population was identified as potential consumers of 
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theobromine from either the proposed food-uses or natural occurrence in 
foods. Consumption of all of these types of foods by the total U.S. population 
resulted in estimated mean all-person and all-user intakes of theobromine of 
145 and 150 mg/person/day, respectively, equivalent to 2.6 and 2.7 mg/kg 
body weight/day, respectively, on a body weight basis.  The 90th percentile 
all-person and all-user intakes of theobromine from all proposed food-uses 
and naturally occurring levels by the total population were 314 and 
319 mg/person/day, respectively, or 5.7 and 5.8 mg/kg body weight/day, 
respectively.   

 

When heavy consumers (90th percentile) were assessed, all-person and all-
user intakes of theobromine from all proposed food-uses and background 
sources were determined to be greatest in male adults at 339 and 341 
mg/person/day, respectively. 

 

In milk chocolate, which contains 10-15 % cocoa, Zoumas et al. (1980) 
reported an average of 1530 mg theobromine/kg milk chocolate (with a 
range of 1350-1860) whereas dark chocolate contained an average of 4600 
mg theobromine/kg (with a range of 3600 to 6300). Dark chocolate contains 
between 30 and 80% cocoa, and the theobromine content varies depending 
on the percent of cocoa in the chocolate. A worst case scenario based on 
these data, and assuming that a 60 kg person eats 100 g of very dark 
chocolate (a max of 6300 mg theobromine/kg chocolate) per day, would 
result in a theobromine intake of 630 mg per day corresponding to 10.5 mg 
theobromine/kg body weight.  

 

Caffeine is a more potent CNS stimulant than theobromine. While the main 
molecular target of caffeine and theophylline is their antagonistic effect on 
adenosine receptors, in particular A1, A2A, and A2B subtypes, theobromine 
is a weak antagonist with a two- and threefold lower affinity to A1 and A2A 
receptors than caffeine (Snyder et al., 1981; Carney, 1982; Carney et al., 
1985; Shi and Daly, 1999; Fredholm et al., 1999; Fredholm,  2007). 
Theobromine is apparently a weak inhibitor of phosphodiesterase as it does 
not interfere with adenosine 3´,5´-phosphate cyclic AMP signalling as do 
other xanthines (Robinson et al., 1967; Heim and Ammon, 1969). 
Theobromine and its derivatives act as smooth-muscle relaxants, diuretics, 
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cardiac stimulants, and coronary vasodilators (Merck Index, 2006). The 
diuretic action of theobromine, which is brought about by increased 
glomerular filtration rate and inhibited reabsorption of sodium and water, is 
more sustained than that of theophylline, but less pronounced (Fredholm, 
1984). 

 

An extensive database of published literature exists to support the safety of 
theobromine for the intended uses in specified foods.  

 

Comprehensive toxicological safety assessments have also been conducted 
on both theobromine and a fully characterized natural cocoa powder for 
methylxanthine content, and these latter studies are directly applicable to the 
safety of theobromine. Additionally, extensive safety evaluations on caffeine 
are directly relevant to the safety assessment of theobromine. Theobromine 
is a metabolite of caffeine and is structurally similar to caffeine thereby enabling 
caffeine data to be used in the safety assessment of theobromine.  Metabolic 
and pharmacokinetic studies in a number of different animal species and in 
humans as well as studies in pregnant animals have elucidated the primary 
metabolites and respective half-lives and excretion rate. Theobromine is well 
absorbed (>90%) from the gastrointestinal tract in humans and in mice, rats, 
rabbits, and dogs with bioavailability close to unity (Miller et al., 1984; 
Walton et al., 2001; Dorne et al., 2001).  

 

Theobromine is distributed throughout the total body water with a volume of 
distribution of <1 L/kg body weight.  In humans, the bound and unbound 
volumes of distribution are 0.68 and 0.8 L/kg body weight, respectively (Lelo 
et al., 1986). Excretion patterns of theobromine and its metabolites were 
qualitatively comparable among species, indicating that theobromine is 
metabolized via similar pathways. Except for the excretion of small 
quantities of an unidentified but apparently unique metabolite by dogs, only 
quantitative species- and sex-related differences have been observed in the 
metabolic disposition of theobromine. 

 

Theobromine has a low order of toxicity. The toxicity of theobromine as 
compared to other methylxanthines has been reviewed by Tarka (1982). The 
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acute oral LD50 of theobromine (sodium acetate salt) in rats has been 
reported to be 950 mg/kg body weight, whereas in mice it is 1356 mg/kg 
body weight. The target organs of theobromine toxicity in rats and mice are 
the thymus and the testes. The toxicity of theobromine in domestic animals 
has also been reviewed in a number of species (EFSA, 2008) as it relates to 
a component of cocoa byproducts for use as animal feed. Their conclusions 
relative to toxicity agree with what is reported here. Human exposure to 
theobromine from products derived from animals fed cocoa byproducts such 
as meat, milk, and eggs is expected to be negligible in comparison to direct 
consumption of cocoa products.  

 

Collectively, the results of human clinical trials conducted with theobromine 
or chocolate demonstrate that theobromine is well-tolerated. In acute clinical 
exposures, medically ill patients tolerated 3-4.5 gram doses of theobromine 
administration for diuresis with no reported adverse effects. In acute clinical 
studies with theobromine as well as multiple clinical studies of various 
durations with chocolate providing theobromine, no adverse effects have 
been reported. 

 

The effects of theobromine, theophylline and caffeine on the male 
reproductive system have been well documented. It has been clearly 
demonstrated that continuous dietary exposure to high levels of these 
methylxanthines administered as either pure methylxanthine or cocoa 
powder providing an equivalent dosage will induce irreversible testicular 
atrophy and aspermatogenesis. Testicular toxicity appears to occur at about 
300 mg/kg body weight in rats, whereas dietary doses up to 150 mg/kg body 
weight did not induce testicular toxicity in dogs. The NOAEL for testicular 
toxicity in the rat is 150 mg/kg body weight per day in the studies reported by 
Tarka et al. (1979, 1981), Gans, 1984, and Shively et al., 1986. The gavage 
study by Wang and Waller (1994) reported a NOAEL of 50 mg/kg body 
weight per day in the rat. Reproductive toxicology studies including 
teratology studies in rats and rabbits demonstrated that both theobromine 
and cocoa powder were not teratogenic. However, incomplete ossification 
was noted resulting in a NOAEL of ~ 50 mg/kg bw/day in both species. 
There is considerable debate in the field as to the relevance and significance 
of this observation as methodology employed along with timing in excising 
fetuses can all lead to skeletal variation observations. Christian and Brent, 
(2001), and others (Collins et al.,1987; Carney and Kimmel, 2007), have argued 
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that this effect is reversible and does not affect the health or survival of 
neonates, or subsequent reproductive performance of these animals but it must 
still be considered a treatment-related effect. Therefore, as with caffeine, the ADI 
for theobromine, calculated from animal studies, is much lower than the current 
EDI. A three generation reproductive toxicity study in rats conducted with 
cocoa powder resulted in a NOAEL of ~104 mg/kg bw/day for theobromine 
(Hostetler et al., 1991).  

In a 13-week feeding study (non-GLP), groups of 10 male and 10 female 
Sprague-Dawley rats received cocoa powder at dietary doses of 
approximately 0, 0.6, 3.1 and 6.2%) and theobromine at levels of 0, 0.02, 
0.1 and 0.2 % of a certified chow diet for 90-days (levels corresponded 
to 25, 125 and 250 mg/kg body weight/day). The only changes noted 
were a statistically significant reduction in weight gain and in testicular 
weight (absolute) in males at the high dose. No pathological lesions 
were observed and there were no hematological changes. 

 

Male and female Sprague-Dawley rats were given cocoa powder (two 
different lots) containing either 2.50% or 2.58% theobromine and 0.19% 
caffeine in the diet at concentrations of 0, 1.5, 3.5 and 5.0% for three 
generations (Hostetler et al., (1990)). During the initial 12-week growth 
periods for each generation the mean methylxanthine exposures (of which 
93% was theobromine) in mg/kg body weight/day were 30, 72and 104 
respectively, in the F0, F1b, F2b male rats treated with 1.5, 3.5, and 5.0% 
cocoa powder diets. Methylxanthine intake was slightly greater for female 
rats and averaged 36, 86 and 126 mg/kg/day for the 1.5, 3.5 and 5.0%-
cocoa powder groups, respectively. No consistent dose-related effects on 
any of the reproductive indices were noted over the three generations. Non-
reproductive toxicity included decreased body weight gain in both of the 
highest levels and renal tubular mineralization in the F0 generation males on 
the 5% cocoa powder. The NOAEL was 1.5% cocoa powder, equivalent to 
104 mg/kg bw/day total methylxanthines for males and 126 mg/kg bw/day 
total methylxanthines for females. 

 

A comprehensive chronic toxicity/carcinogenicity study of cocoa powder was 
also conducted (Tarka et al., 1991) under Good Laboratory Practice (GLP) 
conditions in the offspring of rats from a multi-generation study of dietary 
cocoa powder (Hostetler et al., 1990). These offspring were maintained on 
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cocoa powder-containing diets for 104 weeks at the same dietary 
concentrations (0, 1.5, 3.5 and 5.0%) that had been fed to their 
predecessors for three generations. Diets containing the highest 
concentration of cocoa powder (5.0%) provided mean intakes during weeks 
0-26 of 151 mg/kg/body weight per day of methylxanthines. During weeks 
26-104, 5% cocoa powder provided cocoa intakes of 2.1 g/kg body 
weight/day and 2.7 g/kg body weight/day (60 and 75 mg/kg body weight/day 
of methylxanthines-93% of which is theobromine) respectively for male and 
female rats. The results from this study clearly indicated no evidence of 
carcinogenicity. The incidence of bilateral diffuse testicular atrophy was 
increased and spermatogenesis was decreased in male rats fed 5% cocoa 
powder but only after 78 weeks. These effects were not unexpected since at 
high concentrations, methylxanthines –theobromine, caffeine and 
theophylline –are known to exhibit effects on the testis as a target organ in 
rats at this level. Aside from the effects noted above for the testes, there 
were no consistent statistically significant treatment and dose-related 
adverse histopathological findings for other organs examined at any time 
point beyond the historical control incidence for this strain and sex. 

 

The potential genetic effects of theobromine have been reviewed by a 
number of researchers including Timson, (1975), Tarka, (1982), Grice, 
(1987) and Rosenkranz and Ennever, (1987) who, in particular, evaluated 
published data on the genotoxicity of theobromine and caffeine by the 
Carcinogen Prediction and Battery Section (CPBS) method and reported 
that in spite of some positive responses, these analyses did not predict for 
theobromine a potential for causing cancer by virtue of a genotoxic 
mechanism. Brusick et al., (1986b) reported that theobromine was not 
mutagenic in the Ames assay up to a maximum concentration of 5000 
µg/plate either with or without metabolic activation. Significant increases in 
the frequency of sister chromatid exchange were induced in Chinese 
Hamster Ovary Cells and in human lymphocytes in the absence of an 
exogenous metabolic system; in the presence of an exogenous metabolic 
system the results were equivocal and not dose-related (Brusick et al., 
1986b). Chromosomal aberrations were not induced by theobromine in 
Chinese Hamster Ovary Cells with and without metabolic activation and 
BALB/c3T3 cells were not transformed. Similar results were reported for 
cocoa powder by Brusick et al. (1986a). Giri et al., (1999) confirmed the 
negative results reported by Brusick et al. (1986b) for Ames mutagenicity 
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testing, but noted significant sister chromatid exchange in bone marrow cells 
of mice. 

 

In in vivo studies, theobromine induced SCE and micronuclei, but not 
chromosomal aberrations, in the bone marrow of Chinese hamsters. 
Theobromine did not induce dominant lethal effects in mice or rats (IARC, 
1991). 

 

Evidence for mutagenic and clastogenic effects of theobromine is equivocal. 
Theobromine appears to have limited genotoxicity in vitro and in vivo, and 
where genotoxicity was reported, this occurred at extremely high doses. 
Genotoxic effects of theobromine are similar to caffeine. 

 

The potential allergenicity to theobromine in the general population is 
minimal. 

 

The weight of scientific evidence presented above supports the safety of 
theobromine for the intended use as an ingredient in the specified foods. 
The Expert Panel convened by Theocorp, independently and collectively, 
critically evaluated the data and information summarized above and 
concluded that the proposed use of theobromine as an ingredient in bread, 
ready-to-eat, and instant and regular oatmeal breakfast cereals, sports and 
isotonic beverages, meal-replacement beverages (milk and non-milk-based; 
all non-chocolate), vitamin, enhanced and regular bottled waters, chewing 
gum, tea, soy milk, gelatins, hard candy mints, yogurt (non-chocolate and 
yogurt drinks), fruit smoothies and powdered fruit-flavored drinks as 
specified in Table 4 and at the highest maximum level of 75 mg per serving 
in one food product (when not otherwise precluded by a Standard of 
Identity), produced consistent with current Good Manufacturing Practice 
(cGMP) and meeting appropriate food grade specifications described herein, 
is safe.  

The Expert Panel further concluded that the proposed use of theobromine 
as an ingredient in certain selected foods and beverages as described 
above is Generally Recognized as Safe (GRAS) based on scientific 
procedures.   
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It is the opinion of the Expert Panel that other qualified and competent 
scientists reviewing the same publicly available toxicological and safety 
information would reach the same conclusions. 

It is also Theocorp's opinion that the intended uses of theobromine are safe 
and GRAS based on scientific procedures, and that other qualified and 
competent scientists reviewing the same publicly available toxicological and 
safety information would reach the same conclusion. 

Because theobromine is GRAS based on scientific procedures for its 
proposed use as an ingredient in specified foods, it is excluded from the 
definition of a food additive and thus may be marketed and sold for the uses 
designated above in the U.S. without the promulgation of a food additive 
regulation under 21 CFR. 
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Flavorings directive. This material is manufactured in accordance

with Good Manufacturing Practices (GMPs).
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THE SAFETY AND THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS  
                      OF THE PROPOSED FOOD USES OF THEOBROMINE  
                               (3, 7-DIMETHYLXANTHINE)  
                       
 
 

EXECUTIVE SUMMARY 
 
Theocorp Holding company, LLC, convened an independent panel of recognized experts 
(hereafter referred to as the Expert Panel), qualified by their scientific training and 
relevant national and international experience to evaluate the safety of food and food 
ingredients, to determine the safety and the Generally Recognized as Safe (GRAS) status 
of the proposed uses in certain selected foods of theobromine (3,7-dimethylxanthine) 
(21CFR§170.30) (U.S. FDA, 2007). Theocorp proposes to use theobromine at a level of 5-
75 mg/serving (reference amounts customarily consumed, 21CFR 101.12) in bread, ready-
to-eat, instant and regular oatmeal breakfast cereals, sports and isotonic beverages, meal-
replacement beverages (non-milk and milk- based; non-chocolate), vitamin, enhanced and 
regular bottled waters, chewing gum, bottled tea, soy milk, gelatins, hard candy mints, 
yogurt (non-chocolate and yogurt drinks), fruit smoothies and powdered fruit-flavored drinks 
(when not otherwise precluded by a Standard of Identity).  
 
A comprehensive search of the scientific literature for safety and toxicity information on 
theobromine was conducted through November 2009 for Theocorp by The Tarka Group, 
Inc. The data bases searched included Elsevier’s SCOPUS database, The Pennsylvania 
State University College of Medicine database-OVID, the Science Direct database and The 
National Institutes of Health and National Library of Medicine’s PubMed database. All 
relevant publications were reviewed and incorporated into a GRAS dossier, “THE SAFETY 
AND THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF THE PROPOSED 
USES OF THEOBROMINE (3,7-DIMETHYLXANTHIINE) IN CERTAIN SELECTED FOOD 
CATEGORIES,” prepared by The Tarka Group, and submitted to the Expert Panel. Copies 
of the reviewed literature were available for the Expert Panel. The Expert Panel also 
received information pertaining to the method of manufacture, product specifications, 
analytical data, intended use levels in specified food products, consumption estimates for 
all intended uses, safety studies conducted with theobromine and other relevant data on 
safety and tolerance-related information. The members of the Expert Panel were 
Professor Joseph F. Borzelleca, PhD, Professor John A. Thomas, PhD, Fellow, ATS, and 
Stanley M. Tarka, PhD. Following independent and collective critical evaluation of the 
information summarized in the Dossier, the Expert Panel conferred and unanimously agreed 
to the decision described herein. 
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INTRODUCTION AND BACKGROUND 

History of Use and Dietary Sources 
 
Theobromine (3,7-dihydro-3,7-dimethyl-1H-purine-2,6-dione) is a member of a class of 
alkaloids known as methylxanthines. Methylxanthines occur naturally in at least sixty 
different plant species and include caffeine (the primary methylxanthine in coffee) and 
theophylline (the primary methylxanthine in tea). Theobromine is the primary methylxanthine 
found in products of the cacao tree (Theobroma cacao), beans, and shells. Much smaller 
amounts are found in tea, coffee and cola nuts.  
 
As noted in the review by EFSA (2008), it is the cacao tree, Theobroma cacao L. (synonyms 
are Cacao guianensis Aubl., Cacao minus Gaertn., Cacao sativa Aubl., Theobroma 
caribaea Sweet, Theobroma interregina Stokes, Theobroma kalagua De Wild., Theobroma 
leiocarpa Bernoulli, Theobroma pentagona Bernoulli, Theobroma saltzmanniana Bernoulli, 
Theobroma sapidum Pittier, Theobroma sativa (Aubl) Lign. Et Le Bey, Theobroma 
sphaerocarpa Chevalier; subspecies, varieties and forms described include T. cacao ssp. 
cacao (L.) Cuatr. (criolla), T. cacao ssp. sphaerocarpum (Chevalier) Cuatr. (forastero, 
calabacillo, amelonado), T. cacao var. catonga, T. cacao f. lacandonense Cuatr. (balamte), 
T. cacao f. leiocarpum (Bernoulli) Ducke (porcelaine java criolla, cacao calabacillo), T. 
cacao f. pentagonum (Bernoulli) Cuatr. (alligator cacao, cacao lagarto) which accumulates 
theobromine. This plant is believed to have its origin in the forests of the Amazon and 
Orinoco areas of South America. It was first cultivated by Mayan Indians living in Mexico 
and Central America, but it was Linné (Linnaeus) who called the cacao tree Theobroma, 
which means ‘food of the gods’. It is told in early mythical legends that the Mayans and 
Aztecs used cacao in their religious rites. The cacao beverage used by the Aztecs consisted 
of ground cured beans whipped up in hot water and flavored with pepper and other spices. 
Christopher Columbus brought the first specimen of cacao beans to Spain as a souvenir on 
his fourth voyage. By 1580, it was in common use in Spain. A century later, cocoa was well 
known in most European countries and with time became a product in every man’s home. 
 
The major producers of cacao beans are generally African, South East Asian and Central 
and South American countries. The Ivory Coast is the dominant global producer and 
produced 1,408,000 tons - about 40% of the total output in the world in 2005/2006. The 
Ivory Coast, Ghana, and Indonesia produce nearly three quarters of cocoa in the world, 
which was 3,444,000 tons in 2005/2006 (Table 1). On commercial plantations, two 
cultivated forms dominate – forastero and criollo. The former is planted chiefly in Brazil and 
Africa, the latter in Central America. 
 
Table 1. Leading cocoa bean producers in the world (1000 tons) in 2005/2006 (ICCO, 
2007) 
 
Producing countries                                  2005/2006 
 
Ivory Coast                                                   1408 
Ghana                                                             690 
Indonesia                                                        460 
Cameroon                                                       175 
Nigeria                                                             160 
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Brazil                                                               150 
Ecuador                                                           118 
 
The fresh unfermented cacao beans contain 14-38 g theobromine and 1-8 g caffeine per kg 
seed material on a dry weight basis (Senanayake and Wijesekera, 1971; Fincke, 1989; 
Sotelo and Alvarez, 1991; Naik, 2001). The caffeine content is usually 10-15% of the 
theobromine content. Traces of theophylline may be found. The amount of the individual 
methylxanthines is dependent on the genotype of the cacao tree. African cacaos contain 
less caffeine and more theobromine than cacaos from South America (Matissek, 1997). 
Sotelo and Alvarez (1991) also compared the theobromine content in various parts of the T. 
cacao fruit. The content in seed (actual cocoa bean) was high (see above), the hull (the fine 
skin on the bean) contained around 1 g/kg and shell around 0.2 g/kg. During fermentation, 
the methylxanthine concentrations decrease by 25-40% due to exudation from the nibs 
(cocoa bean) to the shells and to the surrounding seatings (skin and pulp around the bean), 
but there is no indication that theobromine is degraded (Ziegleder and Biehl, 1988).  
 
Subsequent steps in the cocoa production influence the methylxanthine content of the 
product. The fermented and dried cocoa beans are roasted to develop the flavor, often for 
about 40 minutes at 100°C to 220°C (Feldman, 1998). The roasted beans are broken up and 
the thin shell is removed by winnowing. The remaining kernels of the beans, the nibs, are 
crushed between grinding stones to produce cocoa liquor or cocoa mass. The nibs and the 
cocoa mass contain around 55% fat (cocoa butter), the rest is the fat-free dry matter of 
cocoa. The water content is very low, less than 2%. Due to the heat evolved as a result of 
the grinding, the cocoa butter melts, producing cocoa liquor (cocoa mass).  
 
Cocoa liquors vary considerably in caffeine and theobromine content with levels between 8 
and 17 g theobromine per kg (w/w), with an average of 12 g/kg. The caffeine content varies 
ranging from 0.6 to 4.2 g/kg (w/w), the average being 2 g/kg.  A second pressing of the 
cocoa liquor (cacao mass) removes additional cocoa butter and produces a "press cake" 
with between 10 and 20% fat. Cocoa powder is produced by grinding this press cake. 
Cocoa powder consists of 80-90% fat-free dry matter of cocoa and 10-20% cocoa butter. 
Cocoa powders contain higher amounts of theobromine and caffeine than cocoa liquors 
because these components are present in the non-lipid portion of the liquor. Since cocoa 
powders may be produced from different liquors, based on different cacao beans, the 
theobromine and caffeine content can vary considerably (Fincke, 1989). In a German study 
on 88 samples of cocoa powder, the theobromine content varied from 18 to 38 g/kg, being 
highest in products from West Africa and lowest in products from the Pacific. The caffeine 
content varied from negligible levels, predominantly in West African products, to 9.9 g/kg in 
products from the Pacific and South America (Fincke, 1989). Hadorn, (1980), De Vries et al. 
(1981), and Shively and Tarka, (1983) reported similar levels in analysis based on 5, 18, 
and 8 products, respectively. Slightly lower values were reported by Zoumas et al. (1980). 
Current dietary intakes and exposure estimates for methylxanthines from chocolate-
containing products have been reported by Apgar and Tarka, (1999). Both milk chocolate 
and sweet chocolate are standard of identity foods. Milk chocolate contains not less than 
10% by weight of chocolate liquor whereas sweet chocolate contains not less than 15% by 
weight of chocolate liquor. A one ounce serving of milk chocolate contains approximately 65 
mg of theobromine and 10 mg of caffeine per serving, while sweet chocolate provides about 
185 mg of theobromine and 30 mg of caffeine per serving. These authors also reported 
theobromine content on a per serving basis for some commonly consumed foods as follows: 
42 mg for hot cocoa, 24 mg for chocolate milk, 62 mg for chocolate ice cream, and 212 mg 
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for chocolate flavored syrup, 162 mg for chocolate cake and 70 mg for cocoa rice/corn 
cereals. 
 
Relative to other dietary sources of theobromine, Friedman et al. (2005) reported 
theobromine data for various genotypes of Camelia sinensis. Black teas contain 
approximately 6 mg/g and green tea contains 4 mg/g. Mate (Ilex paraguariensis) was 
reported to contain between 5.1-11.2 mg/g. Guarana (Paullinia cupana) contains 5-12.6 
mg/g. Niemenak et al. (2008) reported that the theobromine content in various Cola species 
ranged from 0.1-3 mg/g.  

For the purpose of this evaluation, the primary theobromine exposure in the diet is from 
chocolate products. The history of cacao use, and thus theobromine intake, dates back 
more than three thousand years where cacao was first consumed as a fermented–type 
cocoa drink in Central America. Recent data from archaeological samples analyzed from a 
site in what is now present day Honduras provides evidence that cacao beverages were 
being made there before 1000 B.C. (Hurst et al., 2002; Henderson et al., 2007). A recent 
report by Crown and Hurst (2009) shows the first use in the prehispanic southwestern part 
of the USA occurred between 1000–1125 A.D. Cocoa products have been popular 
components of culture and food consumption in the Americas, Europe, and other regions for 
hundreds of years. Currently available data indicates that World cocoa production exceeds 
3 million tons annually (ICCO Annual Report 2006/2007). In its Quarterly Bulletin of Cocoa 
Statistics, ICCO publishes estimates of the annual consumption of cocoa (that is the cocoa 
content of chocolate confectionery and other products containing cocoa calculated as 
grindings of beans plus net imports of cocoa products and of chocolate and chocolate 
products in beans equivalent) in the leading cocoa-consuming countries. 

In the 2001/02 cocoa year, world cocoa consumption was around 0.53 kilograms (1.17 
pounds) per head, or 0.97 kilograms (2.14 pounds) per head excluding China, India and 
Indonesia whose large populations have a disproportionate effect on world per capita 
consumption. There are, however, wide variations in consumption levels between the 
regions. Countries in Europe consume on average around 1.87 kg (4.12 lbs) per head, the 
Americas 1.20 kg (2.65 lbs), Asia and Oceania 0.11 kg (0.24 lbs), and Africa 0.13 kg (0.29 
lbs). These numbers are estimates based on cocoa bean grinding and import data and 
fluctuate depending on crop output. For example, estimated per capita cocoa consumption 
in 1997-98 was 2.4 kg/year in North America and 2.8 kg/year in Western Europe.   

Theobromine was discovered in extracts from cacao beans (Theobroma cacao) by 
Woskresensky in 1842 and its chemical structure (Figure 1) determined by Emil Fischer 
(1882) at the end of the 19th century. Fischer was awarded the Nobel Prize in 1902 for 
working out the synthesis and structural formulae of theobromine and the related 
methylxanthines, caffeine and theophylline. The chemical abstract name for theobromine is 
3,7-dihydro-3,7-dimethyl-1H-purine-2,6-dione with the assigned CAS Registry Number 83-
67-0. Throughout this document, the trivial name theobromine will be used. 
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Figure 1. Molecular Structure of Theobromine (3,7-dimethylxanthine) (MW 180.2) and 
     the  numbering of the xanthine ring structure. 
 

Regulatory Status 
 
Theobromine is listed in FDA’s database for Everything Added to Food (EAFUS); but there 
are no regulatory food uses noted. However, on January 18, 1996, TINOS LLC submitted a 
letter of intent to market theobromine as a New Dietary Ingredient and FDA filed this letter 
as an official filing on January 22, 2004. FDA also added a supplemental letter dated April 6, 
1996 indicating that if TINOS chose to pursue a claim as an appetite suppressant, then this 
filing did not meet Section 403(r)(6) requirements to permit this statement. FDA also went to 
the point of stating in the supplemental letter the Agency’s concern at that time over the 
safety of theobromine as a dietary ingredient. FDA noted that there were several animal 
studies that raise concern about possible effects such as inducing testicular atrophy and 
aspermatogenesis and, at that time, they did not consider these concerns resolved. These 
FDA concerns referring to specific studies with possible effects are covered as a part of the 
current review along with recent research findings that address the magnitude of 
theobromine that must be consumed to achieve target organ toxicity. It should be noted that 
theobromine is covered by this 1996 filing as a dietary supplement, and is thus exempt from 
FDA regulatory requirements for the safety of food additives when used as a dietary 
supplement. Also, theobromine is currently being sold on various websites online for use as 
a dietary supplement. 
 
Finally, because of lack of clinical efficacy data, the approval for theobromine as the 
theobromine sodium salicylate salt was removed in 1993 from the official Over-the-Counter 
(OTC) ingredient monograph by FDA’s Center for Drug Evaluation Research (CDER) for 
miscellaneous use including for menstrual and diuretic uses (58 FR 27636). 
 
 

NAME OF GRAS SUBSTANCE 
 
The substance that is the subject of this Generally Recognized As Safe (“GRAS”) 
determination is theobromine, a highly purified natural dimethylxanthine from cacao 
components (husks and beans). 
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IDENTITY AND CHARACTERIZATION 
 
Theobromine is a white fine powder and contains a minimum of 99% theobromine. The 
Chemical Abstracts Service registry number for theobromine is 83-67-0. ChemIDplus  
synonym names for theobromine include 1H-Purine-2,6-dione, 3,7-dihydro-3,7-dimethyl-; 
3,7-Dihydro-3,7-dimethyl-1H-purine-2,6-dione; 3,7-Dimethylxanthine; Diurobromine; 
Santheose; Teobromin; Theosalvose;Theostene; 
Thesal; Thesodate. 
 
International non-proprietary name:              Theobromine 
IUPAC nomenclature:            3,7-dimethyl-2,3,6,7-tetrahydro-1H-purine-2,6-dione 
Synonyms:                                 
                                                                          3,7-dihydro-3,7-dimethyl-1H-purine-2,6-
dione 
                                                                          2,6-dihydroxy-3,7-dimethyl purine 
                                                                          3,7-dimethyl xanthine 
Product name:                                  Theobromine 
EINECS number:                           201-494-2 
CAS No:        83-67-0 
FEMA Number                                                  3591 
 
 
The common occurrence of theobromine in various foodstuffs in the diet was reviewed 
earlier in this document. A general description of theobromine is provided in Table 2. The 
structure of theobromine is depicted in Figure 1 above. 
 
 
 
Table 2. General description of theobromine 
 
Characteristics                                        Description                              Reference 
 
Synonyms                                       theobromine,                         ChemIDplus Advanced 
(2009) 
                                                        3,7-dihydro-3,7-dimethyl-1H-purine-2,6-dione 
                                                        2,6-dihydroxy-3,7-dimethyl purine, 3,7-dimethyl xanthine, 
                                                       xantheose, diurobromine,  
CAS* Number                                 83-67-0                                     ChemIDplus Advanced 
(2009) 
Molecular Formula                         C7-H8-N4-O2                              ChemIDplus Advanced 
(2009) 
Molecular Weight                           180.164                                           Merck Index (2006) 
Elemental                                       Carbon (C):46.67%,                        Merck Index (2006) 
Composition                                   Hydrogen (H): 4.48%, 
                                                       Nitrogen (N): 31.10% 
                                                       Oxygen (O): 17.76% 
*CAS=Chemical Abstract Services 
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General Properties: 
 
Physical Characteristics 
 
Color    white crystalline powder 
 
Form    fine powder 
 
Solubility   330 mg/L, water (25°C, Syracuse Research Corporation) 
 
Partition coefficient  log POW-0.78 (n-octanol/water 24.5°C) 
    (Syracuse Research Corporation) 
 
Dissociation constant pKa = 9.9 
     
 
Melting Point              357°C 
 
 
Stereo chemical isomers: 
None 
 
The active ingredient for the marketing form of theobromine is a high purity (98-99%) white 
fine powder produced by extraction from cacao husk or mass. Shelf life is at least 24 
months or longer when stored in a tightly sealed container at room temperature. 
 
 
 

MANUFACTURING PROCESS FOR THEOBROMINE 
(b) (4)
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Methods of Analysis 
 
LC-MS and LC-ESI-MS methods have been developed and validated for measurement of 
methylxanthines in beverages and capsules of dietary supplements (Zhu et al., 2004; 
Marchei et al., 2005). The main advantages of these systems are the rapid and simple 
extraction and sample preparation required and the specificity of the analysis. The limit of 
detection lies in the region 0.02-0.03 mg/kg and the limit of quantification around three times 
higher at 0.06-0.09 mg/kg. The response of the LC-ESI-MS method was linear in the region 
0.0049-1.96 mg/kg. A similar technique based on gradient capillary high performance liquid 
chromatography frit-fast atom bombardment mass spectrometry (FABMS) (LC-frit-FAB-MS) 
to measure methylxanthines in human plasma and urine has been developed (Hieda et al., 
1995). 
 
  

SPECIFICATIONS FOR THEOBROMINE    
 

  
11 

 6

(b) (4)

000124



  
12 

The specifications and the results from analytical analyses of five lots of theobromine are 
presented in (Tables 4 and 4-1) and indicate that theobromine consistently meets these 
specifications. Analytical results for production batches of theobromine demonstrate that a 
product of consistent quality can be manufactured. 
 
Table 4 Specifications for Theobromine 

Specification Parameter Specification Method 
Appearance White powder with faint odor Conforms 

Identity Conforms to FTIR standard USP<197> 

Identity by UV Spectra Conforms to UV standard USP<197> 

pH in 10% solution Not more than 7.1 USP<791> 

Loss on Drying Not more than 0.2% USP<731> 

Total Ash Not more than 0.1% USP<561> 

Assay (Theobromine content) Not less than 98.5%  HPLC, LC-MS method  

Other related xanthines/impurities Not more than 1.5% (wt/wt) HPLC method  

Dimethyl sulfate Not more than 0.1% LC-MS/MS 

Heavy metals Not more than 20 ppm ICP (AOAC method 993.14) 

Arsenic (As) Not more than 1 ppm ICP (AOAC method 993.14) 

Lead (Pb) Not more than 1 ppm ICP (AOAC method 993.14) 

Mercury (Hg) Not more than 1 ppm ICP (AOAC method 993.14) 

Solvent residues 

Acetone Not more than 5 ppm USP<467> 
HPLC = High Performance Liquid Chromatography;LC-MS= Liquid chromatography-Mass-spectrometry,  ICP-MS = 
Inductively Coupled Plasma Mass Spectrometry; IR = Infrared.   
1 FCC.  2003.  Food Chemicals Codex (5th Ed.).  National Academy Press (NAP); Washington, DC.   
 

Table 4 Microbiological Specifications for Theobromine 

Specification Parameter Specification Analytical Methods 
Standard plate count Not more than 1,000 CFU AOAC (1998) Chapter 4 

Total coliforms Not more than 3 CFU AOAC (1998) Chapter 4 

Fecal coliforms Not more than 3 CFU AOAC (1998) Chapter 4 

Escherichia coli Not more than 10 CFU AOAC (1998) Chapter 4 

Salmonella Negative (in 25 grams) AOAC (2001) Chapter 36 

Staphylococcus Not more than 10 CFU AOAC (2001) Chapter 39 

Yeast Not more than 100 CFU AOAC (2001) Chapter 20 

Mold Not more than 100 CFU AOAC (2001) Chapter 20 
CFU = Colony Forming Unit 
1 AOAC.  1998.  Official Methods of Analysis of the Association of Official Analytical Chemists (16th Ed.).  Association of 
Official Analytical Chemists (AOAC), Inc.; Arlington, VA. 
2 AOAC.  2001.  Official Methods of Analysis of the Association of Official Analytical Chemists (17th Ed.).  Association of 
Official Analytical Chemists (AOAC); Arlington, Virginia. Vols. 1&2. (2002, Revision 1). 
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Table 4-1. Compositional analysis of five different batches of theobromine 
 Test Specification Lot # 106341 

 
Lot # 106449 
 

Lot# 106487 
 

Lot # 106512 
 

Lot # 106538 
 

Appearance White crystalline powder White 
crystalline 
powder 

White 
crystalline 
powder 

White 
crystalline 
powder 

White 
crystalline 
powder 

White 
crystalline 
powder 

Odor None to faint faint faint faint faint faint 
Identity by FTIR Conforms to FTIR 

standard 
Conforms Conforms Conforms Conforms Conforms 

Indentity by UV 
Spectra 

Conforms to UV Spectra Conforms Conforms Conforms Conforms Conforms 

pH in 10% solution Not more than 7.1 7.09 7.05 7.02 7.03 7.04 
Loss on Drying Not more than 0.2% 0.08% 0.10% 0.08% 0.12% 0.11% 
Total Ash Not more than 0.1% 0.04% 0.06% 0.03% 0.04% 0.02% 
Assay 
Theobromine 
 

 
Min. 98.5% 
 

 
99.9% 
 

 
99.4% 
 

 
101.2% 
 

 
99.0% 
 

 
103.4% 
 

Other related 
xanthines/ 
impurities 

Not more than 1.5% 0.0% 0.0% 0.0% 0.0% 0.0% 

Dimethyl sulfate Not more than 10 ppm < 1 ppm < 1 ppm < 1 ppm < 1 ppm < 1 ppm 

Heavy metals Max. 20 ppm < 20 ppm < 20 ppm < 20 ppm < 20 ppm < 20 ppm 
Arsenic (As) Max 1 ppm 

 
< 0.5 ppm 
 

< 0.5 ppm 
 

< 0.5ppm 
 

< 0.5 ppm 
 

< 0.5 ppm 
 

 Lead (Pb) Max. 2 ppm   0.17ppm 0.18 ppm  0.16 ppm  0.16 ppm  0.17 ppm 
Mercury (Hg) Max. 1 ppm < 0.1 ppm < 0.1 ppm < 0.1 ppm < 0.1 ppm < 0.1 ppm 
Solvent residues       
Acetone Not more than 5 ppm      
 
 
Table 4-1. Compositional Analysis (cont.) 
Microbiological  Anaysis 
 
 
FORM/LOT  Lot # 106341 

 
Lot # 106449 
 

Lot# 106487 
 

Lot # 106512 
 

Lot # 106538 
 
 

Aerobic bacteria Max. 1000 
CFU/g 
 

<100 CFU/g <100 CFU/g <100 CFU/g <100 CFU/g <100 CFU/g 

Yeast and Molds Max. 100 
CFU/g 

<10 CFU/g <10 CFU/g <10 CFU/g <10 CFU/g <10 CFU/g 

Enterobacteria Max 10 
CFU/g 

<1 CFU/g <1 CFU/g <1 CFU/g <1 CFU/g <1 CFU/g 

Salmonella spp.  Negative in 
25 g 

Negative Negative Negative Negative Negative 

Escherichia coli 
and coliforms 

Negative 
 in 10 g 

Negative Negative Negative Negative Negative 

Staphylococcus 
aureus 

Negative in  
10 g 

Negative Negative Negative Negative Negative 

Pseudomonas 
aeruginosa 

Negative in  
10 g 

Negative Negative Negative Negative Negative 
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DIETARY SOURCES AND GENERAL INTAKE ESTIMATES 
 
 

INTENDED USES 
 
Theobromine is intended to be used as an ingredient in food.. Theocorp Holding Company, 
LLC proposes to use highly purified theobromine in several foods (when not precluded by a 
Standard of Identity) at a level of 5-75 mg/serving (reference amounts customarily 
consumed, 21CFR 101.12) in bread, ready-to-eat, instant and regular oatmeal breakfast 
cereals, sports and isotonic beverages, meal-replacement beverages (non-milk and milk- 
based; non-chocolate), vitamin, enhanced and regular bottled waters, chewing gum, bottled 
tea, soy milk, gelatins, hard candy mints, yogurt (non-chocolate and yogurt drinks), fruit 
smoothies and powdered fruit-flavored drinks.  
Cantox Health Sciences International completed an assessment of the consumption of 
theobromine by the United States (U.S.) population as proposed for use in the following 
food categories: baked goods and baking mixes, breakfast cereals, beverages and 
beverage bases, bottled water, chewing gum, coffee and tea, dairy product analogs, 
gelatins, puddings, and custard, hard candy, milk products, processed fruits and fruit juices 
(see Appendix I). In addition to the intake solely from all proposed uses, background 
theobromine intake levels were determined in order to calculate the overall intake of 
theobromine from both naturally occurring levels in the diet and the proposed food use 
levels. 
 
Estimates for the intake of theobromine were based on the proposed food-uses and use-
levels in conjunction with food consumption data included in the National Center for Health 
Statistics’ (NCHS) National Health and Nutrition Examination Surveys (NHANES) (CDC, 
2006; USDA, 2009a,b).  The data from the 2003-2004 and 2005-2006 cycles of the 
NHANES survey were combined to provide a larger population from which to estimate 
theobromine consumption (See Table 4).   
 
Calculations for the mean and 90th percentile all-person and all-user intakes, and percent 
consuming were performed for each of the individual proposed food-uses of theobromine.  
Similar calculations were used to determine the estimated total intake of theobromine 
resulting from all proposed food-uses of theobromine combined.  In both cases, the per 
person and per kilogram body weight intakes were reported for the following population 
groups: 

infants, ages 0 to 2; 

  children, ages 3 to 11; 

  female teenagers, ages 12 to 19; 

  male teenagers, ages 12 to 19; 

  female adults, ages 20 and up; 

male adults, ages 20 and up; and 

  total population (all age and gender groups combined). 
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Estimates for the daily intake of theobromine represent projected 2-day averages for each 
individual from Day 1 and Day 2 of NHANES 2005-2006 data; these average amounts 
comprised the distribution from which mean and percentile intake estimates were produced.  
Mean and percentile estimates were generated incorporating survey weights in order to 
provide representative intakes for the entire U.S. population.  All-person intake refers to the 
estimated intake of theobromine averaged over all individuals surveyed, regardless of 
whether they potentially consumed food products containing theobromine, and therefore 
includes “zero” consumers (those who reported no intake of food products containing 
theobromine during the 2 survey days).  All-user intake refers to the estimated intake of 
theobromine by those individuals potentially consuming food products containing 
theobromine, hence the “all-user” designation.  Individuals were considered users if they 
consumed 1 or more food products containing theobromine on either Day 1 or Day 2 of the 
survey. 

Data presented herein for the estimated daily intake of theobromine follow the guidelines 
proposed by the Human Nutrition Information Service/National Center for Health Statistics 
Analytic Working Group for evaluating the reliability of statistical estimates adopted in the 
“Third Report on Nutrition Monitoring in the United States”, whereby an estimated mean 
may be unreliable if the CV is equal to or greater than 30% (LSRO, 1995).  The CV is the 
ratio of the estimated standard error of the mean to the estimated mean, expressed as a 
percentage (LSRO, 1995).  Therefore, for the estimated intakes of theobromine presented 
herein, values were considered statistically unreliable if the CV was equal to or greater than 
30% or the sample size is less than 30 respondents.  These values were not considered 
when assessing the relative contribution of specific food-uses to total theobromine 
consumption and are marked with an asterisk. 
 

The individual proposed food-uses and use-levels for theobromine employed in the current 
intake analysis are summarized in Table 5.  Food codes representative of each proposed 
food-use, were chosen from the NHANES 2005-2006 (CDC, 2006; USDA, 2009b).  Food 
codes were grouped in food-use categories according to Title 21, Section §170.3 of the 
Code of Federal Regulations (CFR, 2009a).  Product-specific adjustment factors were 
developed based on data provided in the standard recipe file for the CSFII 1994-1996, 1998 
survey (USDA, 2000). The Tarka Group provided additional information on theobromine 
amount per serving in products. The background intakes of theobromine were calculated 
using the USDA’s Food and Nutrient Database for Dietary Studies 3.0 (FNDDS 3.0) (USDA, 
2009a,b).  This database contains information pertaining to the content of 63 nutrients/food 
components, including theobromine, for all food codes employed in the NHANES intake 
assessment.  As such the calculation of the background intakes was completed employing 
the theobromine variable from the FNDDS 3.0 as the daily food amount for each food code 
in the NHANES survey.  The same statistical methodology described above was then 
employed to generate mean and 90th percentile intake estimates for the all-person and all-
user designations.  
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Table 5 Summary of the Individual Proposed Food-Uses and Use-Levels for 
Theobromine in the U.S. 

Food Category Proposed Food-Uses Theobromine 
Level 

(mg/serving) 

Serving 
Size 

(g or mL) 

Use-
Levels 

(%) 
Baked Goods and Baking Mixes Bread 15 252 0.060 

Instant and Regular Oatmeal  30 372 0.13 Breakfast Cereals 
Ready-to-Eat Cereals 30 302 0.10 
Sports, Isotonic Drinks 60 4882 0.012 Beverages and Beverage 

Bases Meal Replacement Beverages, 
Non Milk-Based 

75 240 0.031 

Bottled Water Vitamin, Enhanced, and Bottled 
Waters 

40 240 0.017 

Chewing Gum Chewing Gum 10 3 0.33 
Coffee and Tea Tea 40 4882 0.0082 
Dairy Product Analogs Soy Milk 40 250 0.016 
Gelatins, Puddings, and 
Custard 

Gelatin 40 852 0.047 

Hard Candy Mints 5 2 0.25 
Meal Replacement Beverages, 
Milk-Based 

75 240 0.031 

Yogurt (fresh, not-chocolate) 50 1702 0.029 

Milk Products 

Yogurt Drinks3 25 282 0.089 
Fruit Smoothies 50 3662 0.014 Processed Fruits and Fruit 

Juices Powdered Fruit-Flavored Drinks 50 82 0.62 
1 Unless otherwise indicated serving sizes were based on the Reference Amounts Customarily Consumed per Eating 
Occasion (RACC) (21 CFR §101.12 - CFR, 2009b). When a range of values is reported for a proposed food-use, particular 
foods within that food-use may differ with respect to their RACC. 
2 Serving size provided by The Tarka Group, Inc. 
3 Food codes from yogurt drinks are not included in the NHANES survey data and therefore codes for dairy-based fruit 
smoothie drinks were employed as surrogate codes. 
 

Food Survey Results 
 
Estimates for the background intake of theobromine based on the USDA nutrient data for 
the NHANES data, as described above.  Estimates for the total daily intakes of theobromine 
from all proposed food-uses alone are provided in Tables 5-1 and 5-2, while the combined 
intakes are presented in Tables 5-3 and 5-4.  Estimates for the daily intake of theobromine 
from individual proposed food-uses in the U.S. are summarized in Tables A-1 to A-7 and B-
1 to B-7 of Appendices A and B, respectively of the Cantox report (Appendix I).  Tables A-1 
to A-7 provide estimates for the daily intake of theobromine per person (mg/day), whereas 
Tables B-1 to B-7 provide estimates for the daily intake of theobromine on a per kilogram 
body weight basis (mg/kg body weight/day).   
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Estimated Daily Background Intake of Theobromine from the Diet 
 
As described above, the USDA nutrient database was combined with the NHANES 2003-
2004, 2005-2006 dietary intake data to estimate the background intake of theobromine.  
Approximately 65.1% of the total U.S. population was identified as potential consumers of 
theobromine on a regular basis.  Consumption of a standard diet by the total U.S. 
population resulted in estimated daily mean all-person and all-user intakes of theobromine 
of 43 mg/person/day (0.8 mg/kg body weight/day) and 61 mg/person/day (1.1 mg/kg body 
weight/day), respectively.  The estimated daily 90th percentile all-person and all-user intakes 
of theobromine within the total population were 123 mg/person/day (2.2 mg/kg body 
weight/day) and 147 mg/person/day (2.9 mg/kg body weight/day), respectively. 
 
Table 5-1 Summary of the Estimated Daily Intake of Theobromine from All 

Background Sources in the U.S. by Population Group (2003-2004, 2005-
2006 NHANES Data)a 

All-Person 
Consumption (mg) 

All-User 
Consumption (mg) 

Population 
Group 

Age Group 
(Years) 

% 
Users 

Actual # of 
Total Users 

Mean 90th 
Percentile 

Mean 90th 
Percentile 

Infants 0 to 2 37.9 705 18 57 41 111 
Children 3 to 11 78.8 2,153 61 150 74 158 
Female 
Teenagers 

12 to 19 69.2 1,375 44 111 61 136 

Male 
Teenagers 

12 to 19 66.4 1,289 52 159 75 199 

Female Adults 20 and Up 68.0 2,911 40 115 55 133 
Male Adults 20 and Up 62.4 2,397 40 122 61 152 
Total 
Population 

All Ages 65.1 10,830 43 123 61 147 

aData excerpted from Cantox Report, 2010 (Appendix I) 

 
The intake of theobromine from the typical diet was most prevalent among children with 
78.8% of this population group identified as consumers of foods containing theobromine.  
Within the individual population groups, the largest mean daily all-person intake of 
theobromine was identified as occurring in children with an intake of 61 mg/person/day.  
The largest mean daily all-user intake was observed to occur in male teenagers for whom 
the background daily intake of theobromine was equivalent to 75 mg/person/day.  Infants 
displayed the lowest estimate for the mean daily all-person and all-user intakes of 
theobromine on an absolute basis with values of 18 and 41 mg/person/day, respectively.  
On a body weight basis, estimated mean daily all-person intake of theobromine was 
observed to be highest in children at 2.3 mg/kg body weight/day while the highest estimate 
for the mean daily all-user intake of theobromine was observed to occur in infants at 3.2 
mg/kg body weight/day.  The lowest all-person and all-user mean daily intakes of 
theobromine on a per kilogram body weight basis were observed to occur in male adults at 
0.5 and 0.7 mg/kg body weight/day, respectively.  
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Table 5-2 Summary of the Estimated Daily per Kilogram Body Weight Intake of 
Theobromine from All Background Sources in the U.S. by Population 
Group (2003-2004, 2005-2006 NHANES Data)a 

All-Person Consumption 
(mg/kg) 

All-User Consumption 
(mg/kg) 

Population 
Group 

Age 
Group 
(Years) 

% 
Users 

Actual 
# of 

Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 37.9 705 1.4 4.6 3.2 8.1 
Children 3 to 11 78.8 2,153 2.3 5.6 2.8 6.2 
Female 
Teenagers 

12 to 19 69.2 1,375 0.8 2.0 1.1 2.3 

Male Teenagers 12 to 19 66.4 1,289 0.9 2.6 1.2 3.2 
Female Adults 20 and Up 68.0 2,911 0.6 1.6 0.8 1.9 
Male Adults 20 and Up 62.4 2,397 0.5 1.4 0.7 1.8 
Total Population All Ages 65.1 10,830 0.8 2.2 1.1 2.9 
aData excerpted from Cantox Report, 2010 (Appendix I) 

 
When heavy consumers (90th percentile) were assessed, the largest daily all-person and 
all-user intakes of theobromine were determined to occur in male teenagers at 159 and 
199 mg/person/day, respectively.  The lowest 90th percentile all-person and all-user mean 
daily intakes of theobromine were identified in infants, with values of 57 and 111 
mg/person/day, respectively, on an absolute basis.  On a body weight basis, children and 
infants were determined to have the greatest all-person and all-user 90th percentile intakes 
of theobromine respectively, with values of 5.6 and 8.1 mg/kg body weight/day, respectively.  
The lowest all-person and all-user 90th percentile intakes of theobromine on a body weight 
basis were observed to occur in male adults with intakes of 1.4 and 1.8 mg/kg body 
weight/day, respectively. 
 
Estimated Daily Intake of Theobromine from Background and Proposed Food Uses 
 
The estimated total intake of theobromine from all proposed food-uses in combination with 
the existing levels presented in foods in the U.S. by population group is summarized in 
Table 5-3.  Table 5-4 presents these data on a per kilogram body weight basis.   
 
Approximately 94.6% of the total U.S. population was identified as potential consumers of 
theobromine from either the proposed food-uses or natural occurrence in foods (15,737 
actual users identified).  Consumption of all of these types of foods by the total U.S. 
population resulted in estimated mean all-person and all-user intakes of theobromine of 145 
and 150 mg/person/day, respectively, equivalent to 2.6 and 2.7 mg/kg body weight/day, 
respectively, on a body weight basis.  The 90th percentile all-person and all-user intakes of 
theobromine from all proposed food-uses and naturally occurring levels by the total 
population were 314 and 319 mg/person/day, respectively, or 5.7 and 5.8 mg/kg body 
weight/day, respectively.   
 
Children represented the population group containing the largest percentage of theobromine 
consumers based on the background levels and proposed food uses with 99.3% of 
individuals within this groups identified as potential theobromine consumers.  A high 
percentage of potential theobromine users were also identified in male and female adults 
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and teenagers with more than 96% of these population groups identified as potential 
consumers of theobromine.  On an individual population basis, the greatest mean all-person 
and all-user intakes of theobromine on an absolute basis were determined to occur in male 
teenagers, at 157 and 161 mg/person/day, respectively.  Infants continue to be the 
population group with the lowest identified intake of theobromine with mean all-person and 
all-user intakes of theobromine of 63 and 77 mg/person/day, respectively.  On a body 
weight basis, the mean all-person estimate for the intake of theobromine was highest in 
children at 5.6 mg/kg body weight/day.  The mean all-user estimate for the intake of 
theobromine was highest in infants at 6.3 mg/kg body weight/day.  The lowest all-person 
and all-user mean intakes of theobromine on a per kilogram body weight basis was 
observed to occur in male adults with a values of 1.8 and 1.9 mg/kg body weight/day, 
respectively.  
Table 5-3 Summary of the Estimated Daily Intake of Theobromine from All 

Background Sources and Proposed Food Uses in the U.S. by Population 
Group (2003-2004, 2005-2006 NHANES Data)a 

All-Person 
Consumption (mg) 

All-User Consumption 
(mg) 

Population 
Group 

Age 
Group 
(Years) 

% 
Users 

Actual 
# of 

Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 74.3 1,381 63 154 77 170 
Children 3 to 11 99.3 2,713 148 285 149 285 
Female 
Teenagers 

12 to 19 97.2 1,931 133 275 137 280 

Male Teenagers 12 to 19 96.8 1,877 157 329 161 335 
Female Adults 20 and Up 96.7 4,142 144 318 148 321 
Male Adults 20 and Up 96.1 3,693 155 339 160 341 
Total Population All Ages 94.6 15,737 145 314 150 319 
aData excerpted from Cantox Report, 2010 (Appendix I) 

 
When heavy consumers (90th percentile) were assessed, all-person and all-user intakes of 
theobromine from all proposed food-uses and background sources were determined to be 
greatest in male adults at 339 and 341 mg/person/day, respectively.  The lowest 90th 
percentile all-person and all-user intake estimates were identified as occurring in infants, 
with values of 154 and 177 mg/person/day, respectively, on an absolute basis.  On a body 
weight basis, infants were determined to have the greatest all-person and all-user 90th 
percentile intakes of theobromine with values of 12.7 and 14.1 mg/kg body weight/day, 
respectively.  The lowest all-person and all-user 90th percentile intakes of theobromine on a 
body weight basis were observed in male adults with intake values of 4.0 and 4.1 mg/kg 
body weight/day, respectively. 
 
Table 5-4 Summary of the Estimated Daily per Kilogram Body Weight Intake of 

Theobromine from All Background Sources and Proposed Food Uses in 
the U.S. by Population Group (2003-2004, 2005-2006 NHANES Data)a 

All-Person Consumption 
(mg/kg bw) 

All-User Consumption 
(mg/kg bw) 

Population 
Group 

Age Group 
(Years) 

% 
Users 

Actual 
# of 

Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
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Infants 0 to 2 74.3 1,381 5.1 12.7 6.3 14.1 
Children 3 to 11 99.3 2,713 5.6 10.9 5.7 10.9 
Female 
Teenagers 

12 to 19 97.2 1,931 2.3 4.7 2.3 4.7 

Male Teenagers 12 to 19 96.8 1,877 2.5 5.5 2.5 5.5 
Female Adults 20 and Up 96.7 4,142 2.0 4.4 2.1 4.5 
Male Adults 20 and Up 96.1 3,693 1.8 4.0 1.9 4.1 
Total Population All Ages 94.6 15,737 2.6 5.7 2.7 5.8 
aData excerpted from Cantox Report, 2010 (Appendix I) 

 
 

Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses 

The Cantox Report (Appendix I) provides estimated daily intake of theobromine from 
individual proposed food-uses on the basis of All-Person and All User intakes.  

 

All-Person Intakes 
 
Estimates for the mean and 90th percentile daily intakes of theobromine from each individual 
proposed food-use are summarized on a mg/day and mg/kg body weight/day basis, 
respectively.  The total U.S. population was identified as being significant consumers of 
bread (67.6% users), ready-to-eat cereals (42.3% users), and vitamin, enhanced, and 
bottled waters (22.5% users).   
 
Consumption of vitamin, enhanced, and bottled waters provided the largest mean and 90th 
percentile all-person intakes of theobromine at 28 and 105 mg/person/day, respectively, 
within the total U.S. population.  The intakes were equivalent to 0.41 and 1.85 mg/kg body 
weight/day on a body weight basis.  In addition, high mean and 90th percentile all-person 
intakes of theobromine resulted from the consumption of bread (20 and 28 mg/person/day, 
respectively), ready-to-eat cereals (15 and 36 mg/person/day, respectively), and powdered 
fruit-flavored drinks (12 and 135 mg/person/day, respectively).  On a body weight basis, 
mean and 90th percentile all-person intakes for bread were 0.34 and 0.50 mg/kg body 
weight/day, for ready-to-eat cereals were 0.29 and 0.10 mg/kg body weight/day, and for 
powdered fruit-flavored drinks were 0.22 and 0.43 mg/kg body weight/day, respectively.   
 
Within the individual population groups, the highest mean all-person intakes of theobromine 
resulting from consumption of any individual proposed food uses were determined to result 
from the consumption of vitamin, enhanced, and bottled waters in male and female adults 
and teenagers.  The consumption of ready-to-eat cereals produced the greatest mean all-
person intakes of theobromine in children and infants.  For the 90th percentile intake of 
theobromine, the consumption of vitamin, enhanced, and bottled waters again produced the 
largest intake of theobromine in male and female adults and female teenagers, with the 
consumption of ready-to-eat cereals producing the largest intake of theobromine in male 
teenagers, children, and infants.  The highest mean and 90th percentile all-person intakes of 
theobromine resulting from the consumption of any individual proposed food use for 
theobromine were observed to occur in female adults consuming vitamin, enhanced, and 
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bottled waters which produced intake estimates of 35 and 138 mg/person/day, respectively.  
On a body weight basis, consumption of ready-to-eat cereals by children led to the highest 
estimates for the mean and 90th percentile all-person intake of theobromine at 0.82 and 1.96 
mg/kg body weight/day, respectively.  

All-User Intakes 
 
Estimates for the mean and 90th percentile daily all-user intakes of theobromine by the total 
population (all ages) from each of the individual food-uses on a mg/person/day and mg/kg 
body weight/day basis, respectively were provided.  For all-user intakes, the contribution of 
each food-use to the overall intake is a function of both the estimated intake of theobromine 
resulting from the consumption of the food, as well as the percentage of users identified as 
consumers of the food.  For example, within the total population, the consumption of fruit 
smoothies resulted in an estimated mean all-user theobromine intake of 192 
mg/person/day; however, only 164 users (1.0% of the total population) of fruit smoothies 
meal replacement drinks were identified and therefore, the contribution of this food-use to 
the mean all-user intake of theobromine was not as important as the contribution of 
powdered fruit-flavored drinks with an intake of 135 mg/person/day in 1,704 users (10.2% of 
the population). 
 
The consumption of vitamin, enhanced, and bottled waters made the greatest contribution 
to the mean and 90th percentile all-user intakes of theobromine at 126 and 281 
mg/person/day, respectively, equivalent to 1.85 and 3.91 mg/kg body weight/day, 
respectively.  Of the other proposed food-uses, the consumption of bread, ready-to-eat 
cereals, and powdered fruit-flavored drinks also made significant contributions to the 
estimates for the mean (27, 36, and 135 mg/person/day, respectively) and 90th percentile 
(54, 69, and 291 mg/person/day, respectively) all-user intake of theobromine by the total 
population.  On a body weight basis, these intakes were equivalent to 0.47, 0.72, and 2.53 
mg/kg body weight/day at the mean and 0.94, 1.50, and 5.13 mg/kg body weight/day at the 
90th percentile. 
 
Within the individual population groups, the consumption of instant and regular oatmeal and 
ready-to-eat cereals made the most significant contribution to the estimates for the mean 
intake of theobromine in infants and children, respectively.  At the 90th percentile, the 
consumption of instant and regular oatmeal and powdered fruit-flavored drinks made the 
most significant contribution to the all-user intake in infants and children, respectively.  The 
consumption of vitamin, enhanced, and bottled waters was observed to make the most 
significant contribution to the mean and 90th percentile all-user intake of theobromine in 
male and female teenagers and adults.  Female adults consuming vitamin, enhanced, and 
bottled waters made the largest contribution to the estimates for the mean and 90th all-user 
intake of theobromine with values of 142 and 311 mg/person/day, respectively.  On a per 
kilogram body weight basis, infants consuming instant and regular hot oatmeal experienced 
the highest statistically reliable mean and 90th percentile all-user intakes of theobromine at 
7.14 and 14.06 mg/kg body weight/day, respectively. 
 
The estimated intakes of theobromine were considered statistically unreliable if the CV was 
equal to or greater than 30% or the sample size was less than 30 individuals.  Soy milk, 
yogurt drinks, fruit smoothies, and meal replacement beverages (milk based and non-milk 
based) were food categories in which the intakes were statistically unreliable in the infant, 
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children, and female and male teenager population groups.  Assessing the sample size for 
all-user intake estimates found the intake for chewing gum to be statistically unreliable in 
infants.  Gelatins also had a low number of users in children and male and female 
teenagers resulting in higher CV values. 
 
It should be noted that the type of intake methodology employed in determining exposure 
estimates is generally considered to be “worst case” as a result of several conservative 
assumptions made in the consumption estimates.  For example, it is often assumed that all 
food products within a food category contain the ingredient at the maximum specified level 
of use when this is not the case. The addition of theobromine to the specified foods will 
result in products that must compete with those already established in the particular food 
category and are highly unlikely to ever achieve 100% replacement of existing products.  In 
addition, it is well established that the length of a dietary survey affects the estimated 
consumption of individual users.  Short-term surveys, such as the typical 2- or 3-day dietary 
surveys, overestimate the consumption of food products that are consumed relatively 
infrequently. 
 
In summary, on an all-user basis, the mean intake of theobromine by the total U.S. 
population from all proposed food-uses was estimated to be 150 mg/person/day or 
2.7 mg/kg body weight/day.  The heavy consumer (90th percentile) all-user intake of 
theobromine by the total U.S. population from all proposed food-uses was estimated to be 
319 mg/person/day or 5.8 mg/kg body weight/day. These compare to estimated background 
levels from mean and 90th percentile current dietary consumption levels of 61 
mg/person/day (1.1 mg/kg body weight/day) and 147 mg/person/day (2.9 mg/kg body 
weight/day), respectively. 
 
 

SELF-LIMITATION 
 
Theobromine is intended to be used in certain specified foods at prescribed amounts per 
serving. As such, its use level in these foods will be limited by defined amounts/serving not to 
exceed 75 mg theobromine/serving at its highest use level for one particular food use. 

BIOLOGICAL AND TOXICOLOGICAL STUDIES  

ABSORPTION, DISTRIBUTION, METABOLISM (BIOTRANSFORMATION) AND 
EXCRETION (ADME) 
 
The pharmacology and toxicology of theobromine and other methylxanthines have been 
reviewed by Tarka (1982), Nehlig et al. (1992), Sawynok and Yaksh, (1993), Nehlig and 
Debry (1992), Fredholm (1995), Sawynok (1995), Garrett and Griffiths (1997), Eteng et al. 
(1997) and Fredholm et al. (1999). Theobromine salts, at doses of 300 to 600 mg per day, 
were previously used in humans as dilators for coronary arteries (Moffat, 1986). There is no 
current therapeutic use of theobromine in human medicine. In some studies reported in this 
section, cocoa products were used. It should be noted that these contain caffeine in addition 
to theobromine and that some of the biological effects observed may be ascribed to 
caffeine. 
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In comparison with the methylxanthines caffeine (1,3,7-trimethylxanthine) and theophylline 
(1,3-dimethylxanthine), the action of theobromine (3,7-dimethylxanthine) on the central 
nervous system is weak. While the main molecular target of caffeine and theophylline is 
their antagonistic effect on adenosine receptors, in particular A1, A2A, and A2B subtypes, 
theobromine is a weak antagonist with a two- and threefold lower affinity to A1 and A2A 
receptors than caffeine (Snyder et al., 1981; Carney, 1982; Carney et al., 1985; Shi and 
Daly, 1999; Fredholm et al., 1999; Fredholm, 2007).  In mice, theobromine did not, as 
compared to caffeine, elicit changes in density of adenosine receptors or downstream 
alterations in other receptors (Shi and Daly, 1999). At doses higher than those associated 
with adenosine receptor antagonism, caffeine and theophylline, inhibited phosphodiesterase 
(Fredholm et al., 1999). Theobromine is apparently a weak inhibitor of phosphodiesterase 
as it does not interfere with adenosine 3´,5´-phosphate cyclic AMP signaling as do other 
xanthines (Robinson et al., 1967; Heim and Ammon, 1969). Theobromine and its derivatives 
act as smooth-muscle relaxants, diuretics, cardiac stimulants, and coronary vasodilators 
(Merck Index, 2006). The diuretic action of theobromine, which is brought about by 
increased glomerular filtration rate and inhibited reabsorption of sodium and water, is more 
sustained than that of theophylline, but less pronounced (Fredholm, 1984). Theobromine in 
chocolate may cause heartburn upon relaxation of the lower esophageal sphincter resulting 
in reflux of acid gastric contents (Babka and Castell, 1973). 
 

Absorption and Distribution 
 
The absorption, distribution, metabolism, and excretion of theobromine have been 
investigated in mice, rats, rabbits, dogs, horses, and humans. Most studies were performed 
with the pure compound. 
 
Theobromine is well absorbed (>90%) from the gastrointestinal tract of humans, mice, rats, 
rabbits, and dogs with bioavailability close to unity (Miller et al., 1984; Walton et al., 2001; 
Dorne et al., 2001). Theobromine is distributed throughout the total body water with a 
volume of distribution of <1 L/kg b.w. In humans, the bound and unbound volumes of 
distribution are 0.68 and 0.8 L/kg b.w., respectively (Lelo et al., 1986). 
 

Biotransformation 
 
Biotransformation of theobromine occurs in the liver with minimal first pass elimination. 
(Yesair et al., 1984). The major routes of theobromine metabolism, in humans, mice, rats, 
rabbits, and dogs are 3- and 7-N-demethylation. The demethylation generates 3- and 7- 
methylxanthine, compounds which are further oxidized to their respective methyluric acids. 
Theobromine may also be C8-oxidized to 3,7-dimethyluric and 6-amino-5-(N 
methylformylamino)-1-methyluracil (6-AMMU), respectively (Figure 3). 
 
In humans, the uptake following oral administration of methylxanthines is: 3-N-
demethylation reaction (50 to 60%), the 7-N-demethylation (about 20%), and the C-8 
oxidation (<15%) of the oral dose. The cytochrome P-450 (CYP) isoforms involved in these 
reactions are CYP1A2 for the 3-N-demethylation, CYP1A2 and CYP2E1 for the 7-N-
demethylation and CYP2E1 for the C-8 oxidation (Gates and Miners, 1999; Dorne et al., 
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2001; Walton et al., 2001). Overall, CYP1A2 play a major role in the human metabolism of 
theobromine (Walton et al., 2001). 
 
The CYP isoforms that are involved in theobromine metabolism have not been identified in 
the non-human species studied. However, when induced, CYP1A is involved in 3-N 
demethylation of theobromine in the rat (Walton et al., 2001); no information is available for 
the mouse, rabbit, or dog. The CYP isoforms that are responsible for the 3- and 7-N-
demethylation reactions of caffeine and theophylline in these species have been 
characterized (Walton et al., 2001). 
 
 
 

Metabolic Disposition in Animal Species 
 
Although, the general routes for demethylation and C-8 oxidation are mostly common to 
humans and non-human species, there are considerable quantitative species differences in 
the metabolism and excretion of theobromine. 
 
In the rat, theobromine is excreted in the urine mainly as the parent compound (~30-50%) 
(Miller et al., 1984). The major biotransformation route is C8-oxidation; N demethylation is a 
minor route (~10% of the dose). The limited data available suggests that C8-oxidation of 
theobromine in the rat is catalyzed by a cytochrome P450, although it is unclear if this is 
CYP1A2 (Miller et al., 1984). Shively and Tarka (1983) described the metabolic disposition 
of theobromine and its metabolites in female pregnant and non-pregnant rats given doses of 
5, 10, 50, and 100 mg/kg using theobromine sodium acetate with 10 µCi [8-14C]TBR as a 
radioactive tracer. No differences between the pregnant and non-pregnant rats were 
observed in either the pharmacokinetics or elimination of theobromine and its metabolites. 
Arnaud and Welsch (1979) reported that the major urinary metabolites of theobromine in the 
rat and in human urine were as follows: 7-methylxanthine (6%), 7-methyluric acid (4%), 3,7-
dimethyluric acid (3%), 6-amino-5-[N-methylformylamino]-1-methyluracil also known as 6-
AMMU (36%), and unchanged theobromine (49%). Bonati et al. (1984) reported similar data 
for the kinetics and metabolism in male rats. 
 
Miller et al. (1984) provided comparative information on theobromine metabolism in five 
mammalian species including the dog, rabbit, hamster, rat, and mouse. Theobromine was 
most extensively metabolized by rabbits and male mice. The primary metabolite excreted by 
rats and mice was the 6-AMMU; the conversion was greater in male mice than in female 
mice. Rabbits and dogs metabolized theobromine primarily to 7-methylxanthine and 3-
methylxanthine respectively; the major metabolites excreted by hamsters were 6-AMMU 
and 7-methylxanthine. The dog excretes a large proportion of an oral dose of theobromine 
unchanged in the urine (~37%) and predominantly 7-N-demethylates the rest, generating 3-
methylxanthine (Miller et al., 1984). Small quantities of an apparently unique and 
unidentified biotransformation product was found in the dog but not in mice, rats, hamsters, 
and rabbits. Recovery of radioactivity ranged from 60-89% of the dose in urine, and from 2-
38% of the dose in feces, with most material being excreted during the first 48 hr after 
dosing. About 4-5 hours after dosing about 25% of the supplied radiolabelled theobromine 
had been excreted in urine. Excretion of unchanged theobromine was 14 to 37% in dogs, 
32% in rats, 16-22% in mice, and 14% in rabbits. The amount of theobromine excreted in 
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feces varies substantially between species, 1.6% in rabbits, 4.5% in dogs, 9-12% in mice, 
and 16% in female rats and 38% in male rats. 
 
Demethylation coupled to ring opening and formation of 6-amino-5-(N-methylformylamino)- 
1-methyluracil also constituted an important route of metabolism ranging from 14-28% in 
mice, 17-18% in rats, 10% in rabbits, and 7.5% in dogs). Additional major metabolites were 
7-methylxanthine in the rabbit (36%), and 3- methylxanthine in the dog (20%). Ring N-
demethylation at position 3 predominated over N- 7-demethylation in mice and rabbits. 
Mono- and dimethyluric acids constituted 3.4-4.7% in rats, 6.6-8.2% in mice, 3.7% in 
rabbits, and 5.7% in dogs of the total metabolites identified. Thus, oxidation of methylated 
xanthines to the corresponding uric acids was a relatively minor metabolic pathway in all 
species, but was highest in mice (Miller et al., 1984). 
 
In dogs, an average plasma half-life of 17.5 hr was reported after single oral doses of 
theobromine ranging from 15 to 150 mg/kg body weight (Gans et al., 1980). Latini et al. 
(1984) evaluated the kinetics and metabolism of theobromine in male rabbits after a single 
oral dose and 14-days continuous dosing at 1, 5, 10, 50, and 100 mg/kg body weight/day. 
Female non-pregnant and pregnant rabbits were also studied after single oral doses of 1, 5, 
and 50 mg/kg body weight. No significant difference was found in the pharmacokinetic 
profile of theobromine due to sex, pregnancy, or oral administration after 14 days. There 
was a reduction in the absorption rate constant and an increase in the half-life. No 
quantitative differences in metabolism were observed that could be linked to sex, treatment 
or pregnancy with 25% of the theobromine excreted unchanged; the major metabolite was 
7-methylxanthine (40%). Only at 100 mg/kg body weight in male rabbits and at 50 mg/kg 
body weight in female rabbits was there a tendency toward significant accumulation of 
theobromine and an increase in half-life (from 6 to 8.9 hr). Traina and Bonati (1985) 
confirmed that the pharmacokinetics of theobromine were linear and not dose-dependent up 
to 100 mg/kg body weight. Shively and Vesell (1987) demonstrated in 3-
methylcholanthrene-treated rats, the involvement of specific cytochrome P-450 isozymes in 
theobromine metabolism with a 59% decrease in theobromine half-life, a 75% decrease in 
Area-under-the-curve (AUC) and a 284% increase in clearance. Biliary secretion accounted 
for 5-10% of the administered (8-14C) theobromine dose in phenobarbital-induced rats. 
 
It should be noted that genetic polymorphisms of cytochrome P450s, particularly CYP1A2, 
have been reported in humans and in beagle dogs (Ghotbi et al., 2007; Tenmizu et al., 
2004; Kamimura, 2006). Ten-15% of beagle dogs have been estimated to be CYP1A2- 
deficient (Fleischer et al., 2008). Such metabolic polymorphisms might play a role in the 
sensitivity to theobromine in particular dog breeds as the CYP1A subfamily is known to 
catalyze 3-N-demethylations also in the dog, at least when using caffeine as a test 
substrate. Demethylation of the 7-position of caffeine is performed by phenobarbital 
inducible CYP isoforms (CYP2B11, 2C11 and 3A12) (Walton et al., 2001). 
 
In conclusion, excretion patterns of theobromine and its metabolites were qualitatively 
comparable among species, indicating that theobromine is metabolized via similar 
pathways. Except for the excretion of small quantities of an unidentified but apparently 
unique metabolite by dogs, only quantitative species- and sex-related differences have been 
observed in metabolic disposition of theobromine. 
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Metabolic Disposition in Humans 
 
There are several studies on the pharmacokinetics (absorption, distribution, metabolism, 
and excretion) of theobromine in man (Cornish and Christman, 1957; Drouillard et al., 1978; 
Miners et al., 1982; Tarka et al., 1983; Lelo et al., 1986). Following oral absorption, 
theobromine has a relatively low renal clearance in healthy adults with 1.0 mL/min/kg similar 
to other methylxanthines, i.e. caffeine 1.2 mL/min/kg and theophylline 0.9 mL/min/kg (Dorne 
et al., 2001). Theobromine is readily absorbed from food and evenly distributed in body 
fluids with plasma and saliva half-life highly correlated (Drouillard et al., 1978). Peak 
concentrations are usually reached within 2-3 hours, plasma protein binding is low (15-25%) 
with an unbound plasma clearance of 1.4 mL/min/kg (Resman et al., 1977; Lelo et al., 
1986). Theobromine’s half life is longer than that of caffeine and theophylline and ranges 
from 7 to 12 hours (Drouillard et al., 1978; Tarka et al., 1983; Shively et al., 1985; Lelo et al., 
1986).  Methylxanthines in chocolate did not alter theobromine disposition. Mumford and co-
workers (1996) compared the oral absorption of theobromine after administration of 
capsules, cola beverages, and chocolate candy. When theobromine was administered in 
capsule form, peak plasma concentrations were achieved at 6.72 mg/L within approximately 
3 hours following capsule administration in contrast to chocolate or cola for which they were 
higher (8.05 mg/L) and more rapid (2 hours). The authors concluded that an ordinary dietary 
portion of cola or chocolate may result in plasma levels of biological significance (Mumford 
et al., 1996, Andersson et al., 2004) and the psychopharmacological effects associated with 
chocolate have been shown to depend on the combination of both theobromine and caffeine 
(Smit et al., 2004). 
 
There are no data reporting the toxicokinetics of theobromine in children and neonates. The 
oral clearance rates of caffeine and theophylline are faster in children (1.5-fold) but much 
lower in neonates (5-7-fold) compared to healthy adults due to the immaturity of CYP1A2 
metabolism in neonates. Hence it is likely that theobromine clearance will also be affected in 
neonates (Cresteil, 1998; Renwick et al., 2000; Dorne et al., 2001). Theobromine has been 
investigated in six breast-feeding mothers following ingestion of 113 g of Hershey’s milk 
chocolate (corresponding to 240 mg theobromine) and theobromine passed freely into milk 
(Resman et al., 1977; Berlin, 1981). No adverse behavioral effects or changes in bowel 
habits of infants were noted. Peak concentrations in breast milk were reached after 2-3 
hours (3.7 to 7.5 µg/ml in breast milk compared to 4.5 to 7.8 µg/ml in plasma) with a half life 
of 7.1 hours, and a plasma clearance of 1 mL/min/kg. Milk protein binding was around 20% 
with mean concentration ratios of 0.82 for milk/plasma and 0.92 for saliva/plasma. In four 
nursing mothers, the consumption of 240 mg theobromine every six hours (from four 1 
ounce milk chocolate bars) together with an average breast feeding volume of milk of 1 liter 
per day was predicted to result in 10 mg or 1-2 mg/kg per day theobromine exposure in the 
neonate. This is a very large amount of chocolate-16 bars/24 hrs! In a study of 10 nursing 
mothers, Berlin (1981), using the time concentration curves for each infant from these 
mothers, calculated the possible exposure to each infant from mothers consuming a single 
1.2 ounce milk chocolate bar containing 60 mg theobromine and 6 mg caffeine. While 
plasma samples were not taken from the infants, they were bagged for urine collection. 
Assuming that each infant would nurse 90 ml (3 oz) every 3 hrs for the 24 hrs following the 
chocolate ingestion, the amount of theobromine potentially offered to each infant was 
calculated to range from 0.44 to 1.68 mg of the maternal dose. Neither theobromine nor 
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caffeine was found in the urine of any of the 10 nursing infants, including the infants of the 
three mothers with measurable serum caffeine levels. He concluded that this amount of 
theobromine in chocolate consumed by a nursing mother does not appear to be of 
significance to the nursing infant. 
 
While theobromine has the capability to cross the placenta, there are no data available on 
theobromine diffusion through the blood/brain barrier (Andersson et al., 2004). However, 
radiolabeled studies conducted by Arnaud and Getaz, (1982) demonstrated in newborn rats 
that the ratio of brain:blood theobromine concentrations decreased continuously from 0.96 
at birth to 0.60 in 30-day old rats. Additionally, after 24 hr, no organ accumulation of 
theobromine or its metabolites could be seen in adult rats (Arnaud and Welsch, 1979). 
 
 
Birkett et al. (1985) and Tarka et al. (1983) demonstrated that the metabolites of 
theobromine in human urine are 7-methylxanthine (34-48%), 3-methylxanthine (20%), 7-
methyluric acid (7-12%), 6-AMMU (6-9%) and 3,7-dimethyluric acid (1%), and 1-18% 
unchanged theobromine. Birkett et al. (1985) and Resman et al. (1977) also demonstrated 
that theobromine has a low protein-binding capacity in both serum (15-21%) and breast milk 
(12%). Miners et al., (1982), using allopurinol to inhibit xanthine oxidase, reported that the 
enzyme xanthine oxidase was critical to the biotransformation of 7-methylxanthine into 7-
methyluric acid. Campbell et al. (1987) also showed that biotransformation of theobromine 
occurs by polycyclic aromatic hydrocarbon-inducible cytochrome P-450 in human liver 
microsomes. Rodopoulos et al. (1996) reported a similar metabolic breakdown of 
theobromine, the N3-demethylation of theobromine accounts for 58% of the urinary 
metabolites, N7-demethylation for 27%, C8-oxidation of 7-methylxanthine for 22%, C8-
oxidation of 3-methylxanthine for 2% and formation of 6-AMMU for 13%. 
 
 

Toxicokinetics and Elimination in Animal Species 
 

Rats 
 
The toxicokinetics of oral theobromine in rats has been investigated by  Arnaud and Welsch, 
(1979); Shively and Tarka, (1983); Bonati et al., (1984); and Shively et al., (1986) and has 
been shown to be linear (clearance and metabolite profile) between 1 and 100 mg/kg per 
day after both acute and repeated (2 weeks) exposures (Bonati et al., 1984). The compound 
is almost equally distributed in plasma and in blood cells, and insignificantly bound to 
plasma proteins. The plasma half life is 5.5 hours (Shively and Tarka, 1983; Walton et al., 
2001). A meta-analysis revealed sex differences in theobromine kinetics so that oral 
clearance was 5.40 and 1.41 for the male and female rat respectively with an overall value 
of 3 ml/min/kg (Walton et al., 2001). Shively and Tarka (1983) compared the toxicokinetics 
of theobromine in pregnant and non-pregnant rats dosed orally with 5, 10, 50, or 100 mg 
theobromine/kg body weight by comparing the urinary metabolites after a low (5 mg/kg) and 
a high (100 mg/kg) dose. In non-pregnant rats, the tmax was reached after 15-36 minutes, 
elimination kinetics were independent of dose, with an average theobromine half-life of 
5.5±1.5 hours. After 48 hours, analysis of theobromine’s metabolic profile in the urine of 
animals dosed orally 5 or 100 mg/kg b.w. revealed similar qualitative metabolic patterns in 
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pregnant and non-pregnant rats and the authors concluded that pregnancy did not have an 
effect on theobromine elimination in female rats. 
 

Rabbits 
 
Theobromine toxicokinetics was investigated in male and female (non-pregnant and 
pregnant) rabbits after a single oral dose and two weeks daily oral dosing at 1, 5, 10, 50, 
and 100 mg/kg per day. No significant differences between groups were found for the 
toxicokinetic profile of theobromine and only at the highest doses (100 mg/kg for males and 
50 mg/kg for pregnant rabbits) was there a tendency towards accumulation. The overall 
clearance was 1.8mL/min/kg (Latini et al., 1984). 
 
Tarka and co-workers (1986a) dosed pregnant New Zealand white rabbits with 25 to 200 
mg theobromine/kg b.w. on day 6-29 of gestation. In rabbits dosed with 75 mg theobromine 
per kg body weight, serum levels of theobromine were between 24 and 86 mg/L, and at 200 
mg theobromine/kg bw, serum levels were between 14 and 203 mg/L.  
 
 

Dogs 
 
In a single dose study in dogs, the theobromine plasma half-life was around 17.5 hours 
(Gans et al., 1980). In this short study, mature mongrel male dogs (age not given) were 
orally administered theobromine (in gelatin capsule form) at doses from 15-1000 mg/kg b.w.   
In a 1-year feeding study, mature mongrel male dogs (age not given) were orally 
administered theobromine in a convoluted study design. A group of 23 dogs was used for 
this series of experiments. Dogs were divided into control and six treatment groups. The 
protocol for the administration of theobromine over the 1-year period called for the 
administration of theobromine to two groups of dogs for 1 year in doses of 25 and 50 mg/kg 
bw/day. Other dogs were given theobromine at doses of 25 or 50 mg/kg bw/day for 4 
months, and the dose was then increased to 100 or 150 mg/kg bw/day for 8 months.  During 
the first month of the study, theobromine was given in the form of gelatin capsules. For the 
other 11 months of the study, the theobromine tablets were administered daily. Control dogs 
were given tablets containing only sucrose and the calcium stearate binder. The tablets 
contained 50 % theobromine, 50 % sucrose, and 0.6% calcium stearate as the binder. 
Tablets containing only sucrose and the calcium stearate binder were given to control dogs. 
 
 The authors reported that the time to peak plasma concentration of theobromine was dose-
dependent. In the single dose study, at lower doses of 15 to 50 mg/kg b.w. per day, the 
peak appeared around 3 hours (33 µg/ml) and varied in magnitude between dogs. No 
reason was given for the variation observed. At 150 mg/kg b.w. per day, peak plasma 
concentrations of theobromine were attained at around 15 hours after administration and 
were considerably higher (~ 72 µg/ml) than concentrations observed following a single dose 
of that magnitude. In the latter case, the plasma half-life was 14.5 hours. 
 
The pharmacokinetics of 5 mg intravenously supplied theobromine and approximately 5 mg 
theobromine supplied orally in the form of chocolate (0.7 g per kg body weight), was 
investigated in female beagle dogs (Loeffler et al., 2000a, 2000b). Plasma levels peaked 
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directly after intravenous administration (42 mg/L at 5 min), and urinary levels at 
approximately 3 hours (Loeffler et al., 2000a). The half-life of theobromine in plasma was 
6.5 ±0.6 hours. When supplied in the form of chocolate, maximum plasma levels of 
theobromine (20.5 mg/L) were found around 2 hours after ingestion. The plasma half-life 
was 6.8 ±2.8 hours, which allowed theobromine to be detected in plasma for up to 36 hours. 
Urinary levels peaked at (180 mg/L) at 12 hours after dosing and were mostly unchanged 
theobromine. The bioavailability of theobromine from chocolate was estimated to be 77% 
(Loeffler et al., 2000b). The toxicokinetic studies performed with theobromine in dogs does 
not present a totally coherent picture, but this could be due to different matrixes having been 
used to deliver the compound. When 12.3 mg theobromine per kg b.w. was given to dogs in 
the form of a chocolate bar, plasma levels peaked at 12 mg/L in about 4 hours, and 
decreased fairly slowly. It was unclear if this was due to delayed absorption of theobromine 
from the chocolate bar, a long serum half-life or both (Glauberg and Blumenthal, 1983). 
When theobromine in another study was given as tablets at a dose of 15 mg/kg body 
weight, peak plasma levels were 16-33 mg/L at around three hours after dosing. This 
resulted in plasma half-lives between 13.5 and 19 hours (cited in Hornfeldt, 1987). 
 
In summary, theobromine is readily bioavailable from cocoa feeds and chocolate products, 
and metabolized in the dog to a rather limited extent. Such limited metabolism may be partly 
due to the presence of a genetic polymorphism in the CYP1A2 isoform based on its 
apparent significance for 3-N-demethylation using caffeine as a test substrate. Even though 
such a genetic polymorphism of CYP1A2 has been shown in dogs, the molecular basis of 
the dog’s susceptibility to theobromine is still unclear and the relationship between CYP1A2 
and theobromine metabolism in the dog remains to be confirmed. 
 

Horses 
 
Nine toxicokinetic studies describe the urinary excretion of theobromine in horses (mostly in 
thoroughbred mares) (Kelly and Lambert, 1978; Moss, 1980; Moss et al., 1980; Lambert et 
al., 1985; Haywood et al., 1990; Aramald et al., 1991; Delbeke and Debackere, 1991; 
Salvadori et al., 1994; Dyke and Sams, 1998). 
 
Five thoroughbred mare horses individually received different quantities of cocoa bean meal 
containing 5.8 g theobromine/kg (Kelly and Lambert, 1978). The horses were given between 
50 g (1.7% of the daily ration) and 1.4 kg cocoa bean meal (0.29 to 8 g theobromine), 
corresponding to 1.7 to 28% of the daily feed, by stomach tube. No theobromine was found 
in the blood serum. Overall, theobromine was rapidly absorbed from the gastrointestinal 
tract and metabolized, its persistence in the body tissues was indicated by its presence in 
urine for up to 12 days with peak concentrations appearing from 22 hours to 5 days. Nine 
thoroughbred male horses weighing 300-400 kg were given cocoa husk (5.8 g theobromine 
per kg feed) at a single feeding to produce exposures of 10, 20, 50, or 100 mg/kg body 
weight theobromine (Lambert et al., 1985). Theobromine was present in the urine for up to 8 
days. 
 
Haywood et al. (1990) fed racehorses 7 kg cocoa husks in the form of cocoa husk, spread 
over a morning ration and an evening ration, for four days. The doses were chosen after 
having determined the quantity of theobromine required in the feed to reach the limit of 
detection of urinary metabolites with the analytical method used (1 mg/kg feed). The various 
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feed formulations contained 1.2, 2.0, 6.6, and 11.5 mg theobromine per kg husks. The 
maximum urinary levels were dose-dependent and appeared at around 80 hours after the 
initial feeding but with significant differences between horses. An intake of around 50 mg 
theobromine over four days resulted in peak urinary concentrations around 0.4-0.9 mg/L. A 
threshold level for theobromine in urine (2.0 mg/L) was determined as being of relevance to 
feed, and above which doping of the animal could be concluded. 
 
In a similar study, Delbeke and Debackere (1991) gave five horses, weighing 365-517 kg, 
feed consisting of oats and a pelleted ingredient containing EC permitted theobromine 
levels (38.4 mg) twice daily to horses for 2½ days. Peak excretion rate varied from 2 to 12 
hours after the last administration. The theobromine excretion rate was correlated to urinary 
flow. Salvadori et al. (1994) determined the clearance time after administration of a guaraná 
powder under the tongue of a thoroughbred mare twice a day over 5 consecutive days. The 
powder contained 2.16 g theobromine per kg powder and theobromine could be detected in 
urine for up to 13 days. 
 
Dyke and Sams (1998) determined the urinary excretion of methylxanthines in three horses 
(450-500 kg) following feeding of the mares with 20 chocolate-coated peanuts containing 
approximately 19.6 g chocolate (1.87 mg theobromine/g chocolate) for 8 days. Twenty-four 
hours after administration of the seventh dose and before administration of the last dose, 
theobromine concentrations in urine were between 3.3 and 3.7 mg/L and increased to a 
maximum of between 7.2 and 11.8 mg/L approximately 5-6 hours after ingestion of the last 
dose. At 5 days, theobromine in two horses was below the limit of quantification. After oral 
administration of radiolabelled theobromine to two ponies, 1.1 mg/kg and 0.79 mg/kg, 
theobromine was shown to have a plasma half-life of 12.8 and 27.2 hours respectively, and 
was excreted in urine as unchanged theobromine and 3,7 dimethyluric acid, 80% and 65% 
of the dose. Excretion was complete after 100 hours (Moss et al., 1980). 
 
In horses, excretion of theobromine and its metabolites is very variable, dose dependent 
and related to variability in renal excretion and renal blood flow. 
 

Livestock  
 
Aly (1981) collected toxicokinetic parameters in single dose feeding studies on sheep with 
40 mg theobromine/kg body weight or 3 g cocoa shells/kg body weight. Whereas the half-
life of theobromine in plasma was around 21 hours after ingestion of the pure compound, it 
was only 15.5 hours after ingestion of the cocoa shell diet. These exposures gave no 
toxicological effects. Dosing 3 g cocoa shells/kg b.w. per day for five days resulted in 
reduced body weight. The urine from these animals contained the demethylated metabolites 
3- methylxanthine, 7-methylxanthine, and 7-methyluric acid. 
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Figure 3. Biotransformation of theobromine in the liver of mammals (from Arnaud and 
Welsch 1979) 
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SAFETY ASSESSMENT OF THEOBROMINE 

 

ACUTE ORAL TOXICITY  
 

Animals 
 
The toxicity of theobromine and other methylxanthines was reviewed by Tarka (1982). The 
acute oral LD50 of theobromine (sodium acetate salt) in rats (HLA (SD)) SPF male rats, 8 
weeks of age has been reported to be 950 mg/kg body weight, whereas in white mice (18-
22g) of both sexes, (age and strain not specified), it is 1356 mg/kg body weight. The toxicity 
of theobromine in domestic animals has been reported and has been indirectly attributed to 
the excessive consumption of cocoa and chocolate products, particularly in dogs where the 
there is a prolonged half-life (Gans et al., 1980). The oral LD50 of theobromine in dogs is 
approximately 300 mg/kg body weight. Because of the unique pharmacokinetics (first order 
kinetics) in dogs, there is a prolonged plasma half-life of ~20 hrs resulting in severe acute 
toxicity. This sensitivity and toxicity to chocolate and cocoa product exposure in dogs is well 
documented and caution is urged regarding exposure in this species.  
 
The target organs of theobromine toxicity in rats and mice are the thymus and the testes. 
Theobromine at 0.6% of the diet for 28 days has been reported to induce anorexia, thymic 
and testicular atrophy, and impaired spermatogenesis in the rat (Friedman et al., 1978; 
Tarka et al., 1979; and Gans, 1984). There were no differences in rat strains (Osborne-
Mendel, Holtzmann, Sprague-Dawley) for the observed effects on the testis. Thymic atrophy 
was observed at doses of 250-300 mg/kg b.w. in rats, 850 and 1840 mg/kg b.w., in 
hamsters and mice, respectively (Tarka et al., 1979). A significant decrease in absolute and 
relative thymus weight, with loss of cortical lymphocytes was observed in rats receiving 2-10 
g theobromine/kg feed mixed into the diet (corresponding to 90-140, 215-290 mg/kg b.w., in 
males and females, respectively) for 4 weeks in two studies and 7 weeks in a third (Tarka et 
al., 1979; Gans, 1982; 1984). In hamsters and mice, only the highest theobromine 
concentrations in the diet (10 g/kg feed) produced a decreased thymus weight (Tarka et al., 
1979). No abnormal histological changes were seen in any of the hamster tissues 
examined, whereas histological changes in mice as previously described for rats occurred at 
the highest dose of 1840 mg/kg b.w. in the thymus and testes of mice. Several of the mice 
receiving the higher doses of theobromine died before the end of the study. 
 
 

SUBCHRONIC ORAL TOXICITY  
 
In a 13-week feeding study (non-GLP), groups of 10 male and 10 female Sprague-Dawley 
rats received cocoa powder at dietary concentrations of approximately 0, 0.6, 3.1, and 6.2% 
and theobromine at levels of 0, 0.02, 0.1, and 0.2 % in a certified chow diet for 90-days 
(approximate doses of theobromine equivalent to 0, 25, 125, and 250 mg/kg body 
weight/day). The only changes noted were a statistically significant reduction in weight gain 
and in testicular weight (absolute weight) in males at the high dose. No gross and/or 
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histopathological lesions were observed and there were no hematological changes (Tarka 
and Zoumas, 1983). No clinical chemistry was reported. 
 
The only study in a non-rodent species is that of Gans et al. (1980), which was described 
earlier in studies conducted in dogs as part of a convoluted study design. The protocol for 
the administration of theobromine over the 1-year period called for the administration of 
theobromine to two groups of dogs for 1 year in doses of 25 and 50 mg/kg bw/day. Other 
dogs were given theobromine at doses of 25 or 50 mg/kg bw/day for 4 months, and the 
dose was then increased to 100 or 150 mg/kg bw/day for 8 months.  During the first month 
of the study, theobromine was given in the form of gelatin capsules. For the other 11 
months of the study, the theobromine tablets were administered daily at concentrations of 
100-150 mg/kg bw theobromine for periods of 21-28 days as well as various doses over a 
one-year period. They reported a degenerative and fibrotic lesion in the right atrial 
appendage of the heart. This finding is unique to the dog since no such appendage exists in 
man. The study is further confounded by administration of varying doses in early treatment 
groups, with adjustments at several points in the one-year study. While this study is of 
limited value, it is reported here for the sake of completeness. 
 
 
 

GENOTOXICITY/MUTAGENICITY  
 
The genetic effects of theobromine were reviewed by Timson (1975), Tarka (1982), and 
Grice (1987). Rosenkranz and Ennever (1987) evaluated published data on the genotoxicity 
of theobromine and caffeine using the Carcinogen Prediction and Battery Section (CPBS) 
method and reported that in spite of some positive responses, these analyses did not 
predict for theobromine a potential for causing cancer by virtue of a genotoxic mechanism. 
Grice (1987) noted that all available carcinogenicity studies on caffeine have been negative. 
Brusick et al. (1986b) reported that theobromine was not mutagenic in the Ames assay up to 
a maximum concentration of 5000 µg/plate either with or without metabolic activation. This 
group also reported on a series of mutagenicity tests for theobromine (which are presented 
in the IARC report (1991)). A high purity synthetic theobromine (>99.5 %) purity confirmed 
by HPLC/MS, gas-liquid chromatography, and infrared spectroscopy was used. It was also 
screened for heavy metals and these were all below the limit of detection by atomic 
absorption. This material would be of analogous purity to the theobromine that is the subject 
of this notification. 
 
The Working group of the International Agency for Research on Cancer (IARC, 1991) in 
their evaluation of the carcinogenic risk to humans of theobromine summarized their 
evaluation on various published genotoxicity tests conducted and published on 
theobromine. IARC noted that in lower eukaryotes (e.g. Euglena gracilis, Physaarum 
pollycephalum, Schizosaccharomyces pombe) and bacteria (e.g. E. Coli, phage T5-
resistance, Klebsiella pneumoniae) theobromine induced mutations, but gave negative 
results in various Salmonella typhimurium strains with and without metabolic activation. In 
cultured rodent cells theobromine induced gene mutations (at cytotoxic concentrations), 
sister chromatid exchange (SCE), but not chromosomal aberrations or cell transformation. 
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In human lymphocytes in vitro, SCE and chromosomal aberrations were seen in some 
experiments (IARC, 1991). In in vivo studies, theobromine induced SCE and micronuclei, 
but not chromosomal aberrations, in the bone marrow of Chinese hamsters. Theobromine 
did not induce dominant lethal effects in mice or rats (IARC, 1991).  
 
Relative to recent work since the earlier reviews noted above, IARC noted that theobromine 
was found to increase the frequency of mutant tk colonies in mouse lymphoma cells, but 
only at extremely toxic doses.  
 
Significant increases in the frequency of sister chromatid exchange were induced in 
Chinese Hamster Ovary Cells and in human lymphocytes in the absence of an exogenous 
metabolic system; in the presence of an exogenous metabolic system the results were 
equivocal and not dose-related (Brusick et al., 1986 b). Chromosomal aberrations were not 
induced by theobromine in Chinese Hamster Ovary Cells with and without metabolic 
activation and BALB/c3T3 cells were not transformed. Similar results were reported for 
cocoa powder by Brusick et al. (1986a) which was the same fully characterized cocoa 
powder for theobromine (2.50 % and caffeine 0.19 %) used in both of the teratology studies, 
the multi-generation study and in the the chronic toxicity/carcinogenicity study discussed in 
this notification. 
 
Giri et al. (1999) confirmed the negative results reported by Brusick et al. (1986 b) for Ames 
mutagenicity testing, but noted significant sister chromatid exchange in bone marrow cells of 
mice. 
 
Epstein et al. (1972) and Shively et al. (1984) reported no Dominant Lethal effects 
(increases in preimplantation loss or dead implants) in either male Sprague-Dawley rats or 
CD-1 mice at theobromine oral doses of 0, 50, 150, and 450 mg/kg bw in rats and after a 
single intraperitoneal injection of 380 mg/kg bw in mice.  
 
Theobromine appears to have limited genotoxicity. Where genotoxicity was reported, it 
occurred at extremely high doses or concentrations. Genotoxic effects of theobromine are 
similar to caffeine. 
 
 

REPRODUCTIVE/DEVELOPMENTAL TOXICITY 
 

Reproductive Toxicity 
 
The effects of theobromine, theophylline, and caffeine on the male reproductive system 
have been well documented. Friedman et al. (1978) found that feeding caffeine, 
theophylline or theobromine to immature Osborne-Mendel rats at levels of 1.0% of the diet 
for 3 weeks (~500 mg/kg bw/day) and 0.5% (~250 mg/kg bw/day) for an additional 61 
weeks, produced severe testicular atrophy (94%) and aspermatogenesis (82%). Similar 
results were reported in the Holtzman strain of rats following 19 weeks of feeding 
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theobromine at 0.5% (~250 mg/kg bw/day); all rats showed testicular atrophy, and 79% had 
aspermatogenesis (Friedman et al., 1978). Tarka et al. (1979) reported that feeding 
theobromine at levels of 0, 0.2, 0.4, 0.6, 0.8, or 1.0% in the diet  (0, 144, 291, 382, 425, and 
562 mg/kg body weight/day) for a period of 28 days to Sprague-Dawley rats produced 
severe testicular atrophy in all animals receiving 0.8 and 1.0% diets. Seminiferous tubular-
cell degeneration was observed in all rats at the 0.6% level. Rats were found to be the most 
sensitive of all rodents tested. Mice fed theobromine at concentrations of 0, 0.2, 0.4, 0.6, 
0.8, and1.2% of the diet (301, 634, 928, 1138, and 1843 mg/kg body weight/day) were more 
resistant, and testicular changes were seen only at concentrations that caused considerable 
mortality with only 5/10 surviving the 28-day treatment of 1.2% theobromine. Hamsters fed 
0, 0.2, 0.4, 0.6, 0.8, and 1.0% of the diet (182, 406, 638, 848, and 1027 mg/kg body 
weight/day) were totally resistant to any theobromine-induced testicular changes. Tarka et 
al. (1981) also studied the potential reversibility of this phenomenon by feeding proven 
breeder male Sprague-Dawley rats 0.2, 0.6 or 0.8% theobromine (88, 244 or 334 mg/kg 
body weight/day, respectively) for 49 days, performing unilateral orchiectomy at that time, 
and allowing the rats to recover on a theobromine-free diet for an additional 49 days. 
Histologically, 70 to 90% of the seminiferous tubules from the rats that received the two 
highest doses of theobromine appeared almost void of well-formed spermatozoa suggesting 
that these effects were largely irreversible. Subsequent studies by Gans (1982, 1984) 
substantiated these observations. Shively et al. (1986) demonstrated that rats fed 0.6% 
theobromine for 28 days (~250 mg/kg bw/day) in a certified chow diet did not develop the 
testicular atrophy induced by addition of theobromine that had been observed in a semi-
synthetic diet. It was suggested that this was due to induction of theobromine metabolism in 
animals on the chow diet. 
 
Ettlin et al. (1986) reported that daily administration of 500 mg/kg body weight/day of 
theobromine to Fu albino rats for either three or five days interfered with germ cell kinetics. 
The most striking morphological observation reported was a delayed release of late 
spermatids into the tubular lumen mainly at two weeks post-treatment. This partial disruption 
of the rigid spermatogenic synchronization was not followed by substantial germ cell death. 
The authors postulated that Sertoli cell toxicity could account for these early and subtle 
effects as well as for the late and severe effects of subchronic exposure of rats to 
theobromine that has been reported in the literature. Subsequent work by Wang et al. 
(1992) examined the effect of daily dosing with 50 or 250 mg/kg body weight/day of 
theobromine or a cocoa powder extract containing 117 mg theobromine/g cocoa extract. 
The authors reported a decrease in body weight gain and epididymal weights with 
theobromine treatment and in the high dose cocoa extract treated groups. Both theobromine 
and the high dose cocoa extract caused vacuolation within the Sertoli cells, abnormally 
shaped spermatids, and failed release of late spermatids in treated animals with most of the 
vacuolation found in the earlier and middle stage seminiferous tubules (stages I to VIII). A 
NOAEL for this study could not be determined since effects were seen at both doses tested. 
These results demonstrate that theobromine in cocoa powder extract is less toxic to the 
testis than pure theobromine.  
 
Wang and Waller (1994) reported that theobromine (500mg/kg body weight /day) given by 
gavage to male Sprague-Dawley rats (250-275 g) for 7 days not only inhibited body weight 
gain, but also decreased cauda epididymal sperm reserve (38%), seminiferous tubule fluid 
(STF) volume (33%), lactate concentration in STF (22%), inhibition of binding activity of 
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androgen binding protein (ABP) (21%), and reduced ABP in STF. A cocoa extract 
containing an equivalent amount of theobromine did not produce significant toxicity in 
treated rats. Theobromine concentration in serum and testes of theobromine-treated rats 
was also significantly higher (1.8- and 1.6-fold, respectively) than in rats treated with cocoa 
extract. The results provide further support for Sertoli cells as the primary target cells of 
theobromine toxicity. Pollard et al. (2001) showed in fetal testis organ explants that 
exposure to caffeine or theobromine resulted in normal tissue differentiation with developing 
seminiferous cords made up of Sertoli and germ cells, followed by the differentiation of 
functionally active Leydig cells appearing in the newly formed interstitium.  
Funabashi et al. (2000) examined the effects of theobromine on reproductive outcome in 
rats in order to compare the new EU testing protocol for reproductive toxicants (2 weeks 
exposure) to the Japanese model which requires 4 weeks treatment. Theobromine was 
administered by gavage to male Sprague-Dawley rats at doses of 250 and 500 mg/kg body 
weight/day for 2 weeks starting at the age of 6 or 8 weeks, and for 4 weeks in rats 6 weeks 
of age. Theobromine exposure resulted in reduced weight gain at the highest dose group 
and similar effects on testicular and thymus tissue, and in addition, relative prostate- and 
seminal vesicle weight were reduced at the highest dose.  Histopathologic examination of 
the testis revealed testicular toxicity at 500 mg/kg body weight/day after 2 weeks of dosing 
at both ages, and at both 250 and 500 mg/kg body weight/day after 4 weeks of dosing. The 
primary findings were degeneration and necrosis and desquamatic spermatids and 
spermatocytes, vacuolization of seminiferous tubules, and multinucleated giant cell 
formation. These findings were present mainly in stages VI and XII-XIV of spermatogenesis. 
Soffietti et al. (1989) found that feeding mature and immature New Zealand Hy/Cr rabbits 
0.5, 1.0, and 1.5% theobromine for 120 and 20 days, respectively resulted in mortality at the 
1 and 1.5% levels which they attributed to cardiac failure. Theobromine also caused thymic 
and testicular atrophy. Testicular alterations ranged from vacuolation of spermatids and 
spermatocytes to multinucleated cell formation and oligospermia or aspermia with extensive 
degeneration of tubule cells. Some necrotic and post-necrotic myocardial foci were also 
noted. 
 
In the Gans et al. (1980) study of the effects of both short-term and long-term theobromine 
administration to male beagle dogs, no testicular atrophy was seen after oral administration 
in either gelatin capsules or tablets at doses of 25, 50, 100, or 150 mg/kg body weight /day 
for one year. 
 
Lamb et al. (1997) evaluated a host of reproductive toxicants including theobromine in 
Swiss CD-1 mice using the reproductive assessment by continuous breeding protocol 
(RACB) of pairs. Theobromine was fed at 0, 0.1, 0.25, and 0.5% of the diet and this resulted 
in approximate exposure levels of 0, 126, 335, and 630 mg/kg body weight /day. At levels of 
0.25% and above, there was a decrease in the numbers of litters and numbers of pups born 
alive, and in body weights of pups with females being more sensitive than males. 
Skopinska-Rozewska et al. (2003) reported that feeding BALB/c and BALB/cxC3H F1 mice 
3 and 6 mg theobromine during pregnancy and lactation resulted in lower fetal body weights 
which disappeared in adult progeny. Vascular endothelial growth factor (VEGF), which is 
known to be associated with controlling the flow of nutrients to tumors and for supporting 
their growth, slightly increased while angiotensin converting enzyme (ACE) activity in mouse 
embryonic tissue homogenates (tissues not specified) was reported to be increased. VEGF 
levels in sera from treated dams were reported to be lower.  VanderPloeg et al. (1992) 
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found no effect of theobromine (500mg/L drinking water) on the developmental growth of 
the mammary gland in ovarian-hormone treated, mature nulliparous female BALB/C mice.  
 
Male and female Sprague-Dawley rats were given cocoa powder (two different lots) 
containing either 2.50% or 2.58% theobromine and 0.19% caffeine in the diet at 
concentrations of 0, 1.5, 3.5, and 5.0% for three generations (Hostetler et al., 1990). During 
the initial 12-week growth periods for each generation, the mean total methylxanthine 
exposures (of which 93% was theobromine) in mg/kg body weight/day for males/females 
were 30/36, 72/86, and 104/126 respectively, in the F0, F1b, F2b male and female rats treated 
with 1.5, 3.5, and 5.0% cocoa powder diets.  
 
No consistent dose-related effects on any of the reproductive indices were noted over the 
three generations. Non-reproductive toxicity included decreased body weight gain in both of 
the highest levels and renal tubular mineralization in the F0 generation males on the 5% 
cocoa powder but there was no effect on pup survival. The decrease in weight gain was 
unrelated to food intake and may have been due to components of cocoa powder altering 
protein bioavailability/utilization (i.e., oxalic acid). The significant increase in renal tubular 
mineralization was observed only in the F0 generation males but was common in females 
regardless of dietary treatment and had no effect on survival.The NOAEL was 5.0% cocoa 
powder, the maximum dose tested, and equivalent to 104 mg/kg bw/day total 
methylxanthines (97 mg/kg bw/d theobromine) for males and 126 mg/kg bw/day total 
methylxanthines (117 mg/kg bw/d theobromine) for females. 
 

Developmental Toxicity 
 
The teratogenesis of theobromine was first reported by Fujii and Nishimura (1969) in ICR-
JCL mice who had received a single intraperitoneal injection of 500 or 600 mg/kg body 
weight of theobromine on day 12 of gestation. Maternal deaths occurred in 40% of the 
higher dose group but not in the lower dose group. The incidence of fetal resorptions was 
also increased in the high dose group; fetal body weights and the incidence of 
malformations and subcutaneous hematomas were also increased in both groups. The 
significance of this report is questionable in that the intraperitoneal administration is not the 
normal route of exposure. These same investigators (1973) demonstrated that feeding 
theobromine, caffeine or theophylline at 0.4% of the diet during the period from day 15 to 
day 20 of gestation caused fetal hypoproteinemia and edema. Nakatsuka et al. (1983) 
showed that at 50 mg/kg body weight of theobromine (as theobromine sodium salicylate 
salt) administered on day 11 of gestation in combination with 3 mg/kg body weight of 
mitomycin C, had no effect on potentiating the teratogenicity of mitomycin C. 
 
The most recent teratogenic evaluation of theobromine in rats was conducted by Tarka et al. 
(1986a). A high purity synthetic theobromine (>99.5 %) purity confirmed by HPLC/MS, gas-
liquid chromatography, and infrared spectroscopy was used. It was also screened for heavy 
metals and these were all below the limit of detection by atomic absorption. This material 
would be of analogous purity to the theobromine that is the subject of this notification. A 
perinatal, postnatal and teratogenic evaluation was conducted in Sprague-Dawley rats. In 
the peri/postnatal study, rats were fed diets containing 0, 2.5, 5.0, or 7.5% cocoa powder 
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daily throughout gestation and lactation. A fully characterized cocoa powder for 
methylxanthines containing 2.50 % theobromine and 0.19 %  caffeine was used. In the 
teratology study rats were given diets containing 0, 2.5, or 5.0 % cocoa powder or 0.0625 or 
0.135 % theobromine on days 6-19 of gestation. These provided mean comparable 
theobromine doses of 53 or 99 mg/kg body weight on days 6-19 of gestation and showed no 
maternal toxicity. While no malformations occurred, there were slight decreases in fetal 
body weights at the high dose, and also a significant increase in a delay of osteogenesis as 
evidenced by incompletely ossified or absent sternebrae and pubic bones in the high dose 
groups. This can be explained by significant reductions in food intake on gestation days 13-
19 in the 2.5 and 5.0 % cocoa powder groups and in the 0.135 % theobromine treatment 
throughout gestation (days 6-19).These effects are similar to those reported elsewhere and 
are considered to be indicative of potential maternal or fetal toxicity that is unrelated to a 
specific compound/treatment (Khera, 1985). Serum concentrations in the high dose group 
were 15-20 µg/ml. Effects from a reduction in food intake are recognized and not considered 
as an adverse effect of theobromine based on the World Health Organization (WHO)'s 
(WHO, 1987) guidance on the interpretation of reduced body weight gain without other 
toxicity due to consumption. It was concluded that theobromine at mean doses of 99 mg/kg 
bw/day from either cocoa powder or pure theobromine, was not embryotoxic or teratogenic.  
Tarka et al. (1986b) also evaluated the teratogenic potential of theobromine or cocoa 
powder in New Zealand white rabbits. The same high purity synthetic theobromine (>99.5 
%) purity confirmed by HPLC/MS, gas-liquid chromatography, and infrared spectroscopy 
was used as described in the rat teratology study above. Similarly, the fully characterized 
cocoa powder for methylxanthines containing 2.50 % theobromine and 0.19 %  caffeine was 
also used. Theobromine was administered both by gavage at 0, 25, 75, or 125 mg/kg body 
weight/day on gestation days 6-29 and also administered in the diet at 0, 0.0625, 0.125, or 
0.188 % (approximately 0, 21, 41, or 63 mg/kg body weight/day) respectively. Cocoa 
powder was also administered at 2.5, 5.0, and 7.5% of the diet, equivalent to about 25, 50, 
or 75 mg methylxanthines/kg bw/day during days 6 through 29 of gestation. As noted by 
Khera (1985), maternal toxicity is a consequence of administration with high dose levels of 
test chemicals. Maternal toxicity has been associated with consistent patterns of fetal 
malformations.  These generally occurred at a low incidence level and without a clear dose-
response relation for each individual malformation. Significant maternal toxicity (40%) and 
reduced food consumption were observed in the 200 mg/kg/day theobromine gavage group. 
There was little or no maternal toxicity at the 25, 75, or 125 mg/kg body weight/day 
theobromine treatments in the embryonic /fetal LD50 gavage study. Mean fetal weights were 
similar to the control group at 25 or 75 mg/kg /day, but decreases in fetal body weight and 
increases in various malformations and developmental variations were observed in groups 
given 125 or 200 mg/kg/day. At the 75 mg/kg/day treatment level, serum concentrations of 
theobromine were 24-86 µg/ml. In those groups receiving dietary theobromine, little or no 
maternal toxicity was observed at any dose level. Fetal body weight was decreased at 41 
and 63 mg/kg body weight (0.125 or 0.188 %), and there were significant increases in the 
frequency of skeletal variations, again indicating a delay in osteogenesis. This can be 
explained by significant reductions in food intake on gestation days 15-30, and as discussed 
earlier for the rat, is not considered a treatment-related effect. Additionally, reduced litter 
numbers in the control group resulted in increased fetal weights for comparative purposes 
with treatments. Neither fetotoxicity nor teratogenicity was associated with either cocoa 
powder or theobromine and there was no evidence of impaired theobromine clearance from 
serum during gestation Average serum theobromine concentrations at the lowest effective 
concentration were 12-15 µg/ml.  Due to the incomplete ossification observed at 7.5% 
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cocoa powder, the NOAEL for cocoa powder was 5.0% or about 50 mg/kg bw/day, 
expressed as theobromine and in the dietary theobromine component, it was 63 mg/kg 
bw/day. (NOTE: when pure theobromine was administered by gavage during days 6 to 29 of 
gestation, it was found to be more toxic than when given by dietary administration, and the 
NOAEL was 25 mg/kg bw/day, based on incomplete ossification.  Dietary theobromine was 
neither teratogenic nor embryotoxic to rabbits in this study. 
 
Chorostowska-Wynimko et al. (2004) and Skopinski et al. (2003) reported in several 
experiments in BALB/c mice that the addition of 400 mg of bitter chocolate or 6 mg of 
theobromine to the daily diet of pregnant and afterwards lactating mice affected embryonic 
angiogenesis and caused bone mineralization disturbances as well as limb shortening in 4-
week old offspring. This report was a summary abstract from a Workshop and no data were 
provided on number of animals or food intake but theobromine was assumed to be 
responsible and is reported here for the sake of completeness. The authors stated 
"Administration of theobromine or chocolate to pregnant mice significantly lowered weight of 
embryos, slightly increased VEGF and strongly increased ACE activity in their tissue. 
Angiogenic activity of embryos tissue homogenates was lowered in the theobromine group 
and drastically lowered in chocolate group. VEGF levels in theobromine and chocolate 
mothers sera were lower than in controls. Weight differences disappeared in adult progeny. 
However, mice born from theobromine and chocolate treated mothers produced significantly 
higher levels of anti-SRBC antibodies, and presented lower splenocytes response to PHA 
than progeny of controls." 
 
In a more recent study, Patera et al. (2006) reported on the morphometric and functional 
evaluation of kidneys in the 4-weeks old progeny mice fed according to the protocol 
mentioned above with numbers of animals and exposure amounts not reported. Progeny 
from the mice fed chocolate presented considerable morphometric abnormalities in the 
kidney, with a lower number of glomeruli per mm2 and with increased diameter. Moreover, 
higher serum creatinine concentration was observed in that group of offspring. No 
morphometric or functional irregularities were found in the progeny of mice fed theobromine. 
They concluded that "abnormalities demonstrated in the offspring of mice fed chocolate are 
not related to its theobromine content. Consequently, identification of active compound(s) 
responsible for the observed effects is of vital importance." The authors alluded to other 
substances in chocolate being responsible with a suggestion of catechin or epicatechin 
involvement but no data were provided to support this. The significance of these findings in 
mice is difficult to asses since the mouse has been shown to be very resistant to the toxic 
effect of high levels of theobromine. The lack of any developmental/reproductive effects on 
feeding cocoa powder for 3 generations of rats at 5% of the diet resulted in far higher 
exposures to both theobromine and catechins, along with a single observation in the F0 
males (but not in the F1b generation) of renal pelvic mineralization where high levels of this 
were also seen in the controls. Although increases in renal dilatation (hydronephrosis) and 
pelvic microcalculi in cocoa powder-fed rats were evident in a 24 month study, these effects 
lacked convincing temporal and dose-related qualities. Thus, the relevance of the reported 
renal effects by these researchers is questionable but they are presented for the purpose of 
completeness. 
 

Based on the findings from the in-depth safety assessment of cocoa powder and 
theobromine on reproductive and developmental effects, it is concluded that these data 
support a NOAEL for theobromine of about 50 mg/kg bw/day. When the conventional safety 
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factor of 100 is applied, the NOAEL of 50 mg/kg bw/day corresponds to an ADI of 0.50 mg/kg 
bw/day, or about 30 mg/person/day. The ADI is significantly lower than either the USDA or IARC 
EDI, lower than the theobromine intake of a high chocolate or high cocoa user, and is lower 
than intake from the intended uses of theobromine in the specified foods. The application of 
safety factors to NOAELs from appropriate animal studies is intended to provide a 
conservative ADI in the absence of human data. In the case of the methylxanthines, 
specifically caffeine and theobromine, we know that intakes much higher than the ADIs 
obtained from animal studies have failed to show reproductive effects in humans. 

For caffeine, conventional safety assessments in which a safety factor is applied to the no-
observable-adverse-effect level (NOAEL) obtained from animal studies, consistently show that the 
current estimated daily intake (EDI) for caffeine (typically averaging 150-200 mg/day in the US) 
greatly exceeds the acceptable daily intake (ADI), as determined from animal feeding studies; 
yet epidemiological studies fail to demonstrate an association between caffeine ingestion and 
adverse reproductive outcomes. An extensive summary and evaluation of available studies 
on caffeine was prepared by Christian and Brent, (2001), and given the structural similarities 
to theobromine, is directly relevant. The developmental NOEL for caffeine in rodents is about 
30 mg/kg bw/day. Application of a safety factor of 100 would lead to an ADI of about 18 
mg/person/day. As stated above, about one-half of adults consume 300 mg caffeine per day. 
Nevertheless, Christian and Brent, (2001) conclude that "the usual range of human 
exposures to caffeine from food and beverages is below the threshold dose that would 
result in developmental/teratogenic or reproductive effects." 

Toxicologists at Health Canada recently reviewed existing safety studies on caffeine (Nawrot et 
al., 2003) and concluded that moderate daily caffeine intake at a level up to 400 mg/day is not 
associated with adverse effects such as general toxicity, cardiovascular effects, effects on bone 
status and calcium balance, increased incidence of cancer and effects on male fertility. They 
also concluded that reproductive-aged women could consume < 300 mg caffeine per day. The 
authors stated that "based on limited epidemiological data, it can be concluded that it is 
unlikely that moderate intake of caffeine (< 300 mg/day) by pregnant or nursing mothers 
would pose adverse effects on postnatal development." Health Canada's most recent 
recommendations can be accessed at http://www.hc-sc.gc.ca/hl-vs/iyh-vsv/food-
aliment/caffeine-eng.php#he. "For women of childbearing age, the new recommendation is 
a maximum daily caffeine intake of no more than 300 mg, or a little over two 8-oz (237 ml) 
cups of coffee. For the rest of the general population of healthy adults, Health Canada 
advises a daily intake of no more than 400mg." 

  

Theobromine is a metabolite of caffeine and is structurally similar to caffeine thereby enabling 
caffeine data to be used in the safety assessment of theobromine. There is some similarity in 
reproductive effects observed in laboratory animals. Regular consumers of cocoa or chocolate 
ingest large amounts of theobromine with no reported adverse reproductive effects. Conclusions 
relating to caffeine safety are applicable to theobromine. The same types of reproductive effects 
reported above for theobromine have been reported albeit at significantly lower levels for 
caffeine. Delayed ossification is the developmental effect most frequently reported. Christian 
and Brent, (2001); Collins et al. (1987); and Carney and Kimmel, (2007) have argued that this 
effect is reversible and does not affect the health or survival of neonates, but it is a treatment-
related effect.  The ADIs for theobromine and caffeine based on animal studies are much lower 
than the current EDI. The evaluation of Health Canada for caffeine and its conclusions also apply 
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to theobromine. Intakes of < 300 mg of caffeine per day are considered safe and the amount of 
theobromine from its use in the specified foods identified above is considered safe because 
the mean intake of theobromine by the total U.S. population from all proposed food-uses 
was estimated to be 150 mg/person/day or 2.7 mg/kg body weight/day.  The heavy 
consumer (90th percentile) all-user intake of theobromine by the total U.S. population from 
all proposed food-uses was estimated to be 319 mg/person/day or 5.8 mg/kg body 
weight/day.  
 

CHRONIC TOXICITY/ CARCINOGENICITY  

Animal Studies 
 
There are no published studies on the carcinogenicity of theobromine in experimental 
animals. The only known carcinogenicity study of theobromine showed no effects in Fischer 
344 rats following administration of 0.025 and 0.05% theobromine in drinking water for 18 
months (S. Takayama, personal communication, 1981).Tarka et al. (1991) conducted a 
comprehensive chronic toxicity/carcinogenicity study of a reference cocoa powder with 
defined quantities of theobromine and caffeine under Good Laboratory Practice (GLP) 
conditions in the offspring of Sprague-Dawley rats from a multigeneration study of this 
dietary reference cocoa powder (Hostetler et al., 1990). These offspring were maintained on 
cocoa powder-containing diets for 104 weeks at the same dietary concentrations (0, 1.5, 
3.5, and 5.0%) that had been fed to their predecessors for three generations. It should be 
noted that at baseline, both male and female rats (F3B generation) had 8-11 % lower body 
weights in the 3.5 and 5.0 % cocoa powder groups. Daily methylxanthine exposure for the 
high dose groups of males and females was calculated to be approximately 151 mg/kg/day 
of total methylxanthines during weeks 0-26) from 5 % cocoa powder. Diets containing the 
highest concentration of cocoa powder (5.0%) provided mean intakes during weeks 26-104 
of 2.1 g theobromine/kg body weight/day and 2.7 g theobromine/kg body weight/day 
respectively for male and female rats. The calculated methylxanthine intakes (based on 
93% theobromine, 7% caffeine content) by these animals were approximately 60 mg/kg 
body weight/day (males) and 75 mg/kg body weight /day (females). Also, satellite groups of 
30 animals/sex/treatment were included for clinical chemistry, hematology, urinalysis, 
opthalmoscopic observations and histopathology at 26, 52, and 78 weeks. At these time 
intervals, 10 animals/sex/treatment from these groups were examined. All remaining 
animals were examined in an identical fashion in the carcinogenicity endpoint at 104 weeks. 
Clinical chemistry, hematology, urinalysis, opthalmoscopic observations in the satellite 
groups and in the carcinogenicity group at 104 weeks showed no convincing evidence of a 
treatment-related effect except for a significant increase in cholesterol in the high dose 
group females at 26, 52, 78 and 104 weeks. 
The results from this study clearly indicated no evidence of carcinogenicity. The incidence of 
bilateral diffuse testicular atrophy was increased and spermatogenesis was decreased in 
male rats fed 5% cocoa powder. These effects were not unexpected since at high 
concentrations, methylxanthines –theobromine, caffeine, and theophylline –are known to 
exhibit effects on the testis in rats (Friedman et al., 1978; Gans, 1984; Tarka et al., 1979; 
1981; Ettlin et al. 1986; Wang et al., 1992; and Wang and Waller, 1994). It should be noted 
that the statistically significant effects on the testis were apparent only in male rats fed the 
highest concentration of cocoa powder (5%), and only occurred after 78 weeks of 
continuous exposure. At the highest level tested (5% cocoa powder), there was limited 
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involvement in the heart and kidneys. Increases in both sexes in the incidence of interstitial 
fibrosis in the heart suggested that this organ may represent another target organ from 
exposure to continuous intake of 5% cocoa powder in the diet. Similarly, non-supporative 
myocarditis was also present in rats of both sexes fed 5% cocoa powder diets. However, the 
absence of consistent time- and dose-associated effects together with reports of similar 
lesions observed in this strain of rat irrespective of treatment (Anver et al., 1982; Greaves 
and Faccini, 1984a; Laham et al., 1985) casts considerable doubt on an unequivocal 
relationship between dietary cocoa powder and the cardiac lesions observed. It is likely that 
the increased incidence of non-supporative myocarditis resulted from exacerbation of 
spontaneous, age-related lesions. The authors also noted that methylxanthines possess 
well documented positive inotropic properties and other cocoa powder components may 
also influence myocardial contractibility (Rall, 1985). Thus, increased cardiac workload may 
have also been a contributing factor. It is worth noting that these cardiac lesions had no 
apparent effect on survival.  Although increases in both renal pelvic dilatation 
(hydronephrosis) and pelvic microcalculi in high cocoa powder-fed rats of both sexes were 
evident from cumulative incidence data, these effects lacked convincing temporal and dose-
related qualities. The development of renal pelvic dilitation has been shown to be a 
polygenic heritable trait (Van Winkle et al., 1988) and, since the F3b generation of rats in a 
multigeneration study was used in this study, genetic predisposition may have been a 
contributing factor. Dietary protein has also been implicated as a possible causative factor in 
the development of pelvic dilatation (Greaves and Faccini, 1984b). The development of 
pelvic renal microcalculi occurs spontaneously in aging rats (Woodard and Khan, 1986), 
and in this study was far more prevalent in female rats than in males. Besides age, local 
factors independent of treatment status are known to be important in the initiation of stone 
formation in rats (Heptinstall, 1974a,b). The increase in the incidence of both renal pelvic 
dilatation and pelvic microcalculi in cocoa powder fed rats probably reflects a complex 
interaction between factors such as gender, diet composition, age, strain, urine production 
and genetic predisposition. Whereas dietary cocoa powder cannot be ruled out as a 
possible contributing factor, an obvious cause and effect relationship between cocoa 
powder intake and renal lesions observed was not demonstrated in this study.   None of the 
sequelae discussed above affected survival rates. Chronic dietary exposure to a well 
characterized cocoa powder under the conditions of this bioassay was not carcinogenic in 
male or female Sprague-Dawley rats. The results from this study are also directly applicable 
and supportive of the long-term safety of theobromine consumption. 
 
CALCULATIONS FOR TOTAL METHYLXANTHINE INTAKE FROM COCOA POWDER 
CONTAINING 2.5% THEOBROMINE AND 0.19% CAFFEINE IN LIFETIME FEEDING 
STUDY (CHRONIC TOXICITY/CARCINOGENICITY) 
 
The methylxanthine content of the cocoa powder used in the chronic toxicity/carcinogenicity 
study was comprised of 93% theobromine and 7% caffeine. Cocoa powder provided 25.8 
Theobromine (mg/g) + 0.19 (mg/g) Caffeine = 25.99 mg total methylxanthines/g cocoa 
powder.  
 
In the 1st week, male rats (mean weight of 134 grams) consumed 5.8 g natural cocoa 
powder/kg bw/day from diet supplemented with 5% cocoa powder, equivalent to 0.78 grams 
cocoa powder/day. 
 
The total methylxanthine intake (mg/day) was ~ 20.27 mg/day 
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This translated to 151 mg/kg/day of methylxanthines in rats consuming 5% cocoa powder. 
Initial methylxanthine intake was high in all treatment groups, but steadily declined until wk 
26. The high dose level provided a mean methylxanthine intake of approximately 57 mg/kg 
body weight/day for males and 74 mg/kg body weight/day for females from wk 26 to wk 104 
of the study. 
 
Diets containing the highest concentration of Cocoa Powder (5.0%) provided mean intakes 
(during wk 26-104) of 2.1 g/kg body weight/day and 2.7 g/kg body weight/day for male and 
female rats, respectively. The calculated methylxanthine intake by these animals was 
approximately 60 mg/kg body weight/day (males) and 75 mg/kg body weight/day (females).  
 
 
A short-term carcinogenicity study of intraperitoneally [inappropriate route of exposure for a 
food ingredient] injected theobromine (18 mg/kg b.w. 6 times during 36 hrs after 
ethylcarbamate treatment (single s.c. dose of 0.1 mg/g b.w.) significantly reduced both the 
incidence and number of lung tumors induced by ethylcarbamate in ICR/Jc1 mice (Nomura, 
1983). 
 

HUMAN STUDIES 
 
Diuretic doses of theobromine indicate a very low order of toxicity. Nascher (1915) 
administered 2.72 g theobromine at two hour intervals for eight hours to a female, aged 65, 
with arteriosclerosis, chronic interstitial nephritis, aortic and mitral regurgitation, and uterine 
fibroid, and edema of the legs. This was followed by subsequent dosing for a total of 24.8 g 
theobromine over a 50 hour period. This resulted in substantial urinary output but no 
resolution of the edema in the legs. There was no toxicity reported. Schroeder (1951) 
demonstrated in 40 patients suffering from congestive heart failure that Theocalcin 
(composed of a calcium salt of theobromine and calcium salicylate) at a dose of 3- 4.5 g/day 
for 2 weeks was very efficacious as a diuretic in increasing urinary and chloride output with 
no untoward effects reported. 
 
Adverse effects of 'large doses' of theobromine in humans may include nausea and 
anorexia (Reynolds, 1982). Long-term consumption of large quantities of cocoa products, 
resulting in a methylxanthine intake of 1.5 g per day, may result in sweating, trembling and 
severe headaches (Czok, 1974). Some of these latter effects may be attributed to caffeine. 
 
Birkett et al. (1985) reported no clinical signs or symptoms in a study of 13 healthy 
volunteers including four smokers (4 females and 9 males, mean age 24.7 years (range 20-
32) mean weight 71.3 kg (range 48-101)) who consumed 200 mg theobromine orally, three 
times a day for one day. Ingestion of theobromine in sweet chocolate at a dose equivalent 
of 6 mg/kg body weight/day (400-500 mg theobromine) for one week had no effect on 
clinical parameters in 12 healthy non-smoking non-medicated male human subjects 22 to 
29 years old (body weight mean 76.2 + 8.3 kg) (Shively et al., 1985). 
A good example of present day regular and long-term consumption of extremely large 
quantities of cocoa can be readily found in an indigenous population of Kuna Amerind 
Indians living on the isolated San Blas Islands off the coast of Central America (McCullough, 
et al., 2006). This population consumes an unusually high amount of cocoa as a regular 
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component of their diet in a number of recipes including in a home-brewed water extract 
beverage. Chemical analyses of their cocoa source indicate that it is very high in both cocoa 
flavanols and procyanidins, both of which are good markers for cocoa content. It has been 
reported that the Kuna may regularly consume approximately four (4) 8 ounce cups of the 
prepared cocoa beverage with no adverse effects. Such intake would provide several 
hundred milligrams of theobromine daily and long-term.  Indeed, positive cardiovascular 
benefits including a lack of age-related hypertension in spite of a high salt intake have been 
clearly documented in this population. 
 
Studies on a possible association between consumption of methylxanthines and benign 
breast disease (fibrocystic breast disease) have been summarized by the IARC Working 
Group (1991). Fibrocystic breast disease is found in more than 50% of women and is 
argued by some to be a risk factor for breast cancer. However, many of the studies 
reviewed by the Working Group showed no relationship. Many well-controlled studies in the 
evaluation supported the conclusion and the 1984 position of the Council of Scientific Affairs 
of the American Medical Association that: “there is currently no scientific basis for 
associating methylxanthine consumption with fibrocystic disease of the breast. Indeed, it 
has been suggested that lumpy, fibrous breast tissue in women is normal and represents a 
response to physiological hormonal variation.”This has also recently been confirmed in a 
large prospective study by Ishitani et al. (2008) (Women’s Health Study) who evaluated the 
association between caffeine consumption and breast cancer risk in women enrolled in a 
completed cancer prevention trial. Detailed dietary information was obtained at baseline 
(1992-1996) from 38,432 women 45 years or older and free of cancer. During a mean 
follow-up of 10 years, they identified 1188 invasive breast cancer cases.  They reported no 
overall association between caffeine consumption and breast cancer risk but noted that 
caffeine was positively associated with risk of estrogen receptor (ER)–negative and 
progesterone receptor (PR) – negative breast cancer and breast tumors larger than 2 cm. 
This association may be a result of chance since a large number of subgroups were 
evaluated. Further investigation is warranted.  Ishitani et al. (2008) also noted that this latter 
finding was not consistent with the results of the Iowa Women’s Health Study and the 
Nurses” Health Study, in which no association between caffeine consumption and risk of 
cancer (ER or PR status) was observed. Caffeine levels were similar to the current study. 
Theobromine as a component of chocolate and cocoa products has been consumed for 
more than three thousand years without reports of any toxicity or carcinogenicity in humans. 
There have been no reported effects of theobromine related to any specific target organ 
toxicity. The only reference in the literature to an alleged etiological association of 
theobromine as a potential risk factor was noted in one paper relative to prostate cancer by 
Slattery and West (1993). In a case-control study on newly diagnosed cases of prostate 
cancer (n=362) and age-matched controls (n=685) in Utah, there was an increased risk for 
prostate cancer in older men with a mean theobromine intake of 11 mg or greater per day. 
The odds ratios were 2.06 (95 percent confidence interval (CI) =1.33-3.20) and 1.47 
(CI=0.99-2.19). This was in an older population of Mormon men who had been newly 
diagnosed with prostate cancer. Given the small numbers and lack of a linear association 
with aggressive tumors, this potential association appears to be a spurious statistical finding 
of questionable relevance and reliability. There have not been any supporting reports in the 
past decade.  
  
In the IARC Monograph (1991), for theobromine, it is stated in the Evaluation Section:” 
There is inadequate evidence for the carcinogenicity in humans of theobromine.” This is a 
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Group 3 Classification by IARC and is further explained as follows: The agent (mixture, 
exposure circumstance) is not classifiable as to its carcinogenicity in humans. Agents, 
mixtures and exposure circumstances are placed in this category when they do not fall into 
any other group. There are no published data on the carcinogenicity of theobromine in 
experimental animals. The only available published study is the chronic 
toxicity/carcinogenicity study on cocoa powder (Tarka et al., 1991) and this study was 
published after the IARC review and publication and thus was not considered in their 
evaluation. 
 
Baron et al. (1999) reported in a double-double blind, placebo-controlled, randomized, 
crossover study, on the hemodynamic and electrophysiologic effects of chocolate (100 
grams) in young adults (seven women and six men, aged 23 to 32 years (mean +SD 27.3 + 
2.83) without detectable heart disease). This would have provided 185 mg theobromine and 
29 mg caffeine. Theobromine serum levels reached 9.2 µg/ml, and while several subjects 
experienced nausea and gastrointestinal discomfort, no changes were found in any of the 
variables investigated for either electrocardiographic or echocardiographic changes as well 
as no changes in various heart efficiency parameters. The authors concluded that 
chocolate, and hence theobromine, do not cause any acute hemodynamic changes in the 
hearts of young adults. Usmani et al. (2005) reported that theobromine effectively inhibits 
sensory nerve activation and cough reflex in a guinea pig model and in a small human trial 
(10 healthy volunteers, no other details provided) with no adverse effects. They reported in 
a small clinical trial that the effects were peripherally mediated in terms of nerve inhibition, 
within a therapeutic range for theobromine (doses not reported). The anti-tussive effects of 
theobromine holds potential for a new class of drugs. 
 
Giannandrea (2009) conducted a correlation analysis to examine the possible role of cocoa 
consumption on the occurrence of selected male reproductive diseases during the prenatal 
and early life period of cases. The incidence rates between 1998-2002 of testicular cancer 
in 18 countries obtained from Cancer Incidence in Five Continents were correlated with the 
average per-capita consumption of cocoa (kg/capita/year) (FAOSTAT-Database) in these 
countries from 1965 to 1980, i.e. the period corresponding to the early life of TC cases. 
While suggesting a correlation with this one component of the diet, based solely on animal 
studies with theobromine at extremely high dietary levels, the author acknowledges that 
there are many other factors to consider and the ecological approach used in this study 
cannot provide an answer on the causal relationship between consumption of cocoa in early 
life and testicular cancer and hypospadias. The author noted that results are suggestive and 
indicate the need for further analytic studies to investigate the role of individual exposure to 
cocoa, particularly during the prenatal and in early life of the patients.   
 
Chocolate Consumption in Pregnancy and Reduced Likelihood of Preeclampsia 
 
Triche et al. (2008) studied the association of chocolate consumption with risk of 
preeclampsia in a prospective cohort study of 2291 pregnant women who delivered a 
singleton live birth between September 1996 and January 2000. Preeclampsia is a serious 
maternal complication of pregnancy that affects 3% to 8% of pregnancies and shares many 
characteristics and risk factors of cardio-vascular disease, including endothelial dysfunction, 
oxidative stress, hypertension, insulin resistance, and hypertriglyceridemia. Cardiovascular 
manifestations of preeclampsia include changes in vascular reactivity, hypertriglyceridemia, 
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endothelial dysfunction, and hypertension. Women with pre-eclampsia may also be at 
increased risk of cardiovascular disease and metabolic disturbances in the years following 
pregnancy. 
 
Chocolate consumption was measured by self report in the first and third trimesters, and by 
umbilical cord serum concentrations of theobromine, the major methylxanthine component 
of chocolate. Umbilical cord blood levels of theobromine provide an objective indicator of 
recent maternal cocoa and chocolate intake since theobromine is rapidly absorbed from the 
gastrointestinal tract and freely crosses the placental barrier and thus these data are not 
hampered by possible recall bias of self-reported measurements. 
 
Preeclampsia was assessed by detailed medical record review for 1943 of the women. 
Preeclampsia developed in 3.7% (n = 63) of 1681 women. Cord serum theobromine 
concentrations were negatively associated with preeclampsia (an OR = 0.31; CI = 0.11-0.87 
for highest compared with lowest quartile). Self-reported chocolate consumption estimates 
also were inversely associated with preeclampsia. Compared with women consuming under 
1 serving of chocolate weekly, women consuming 5+ servings per week had decreased risk: 
a OR = 0.81 with consumption in the first 3 months of pregnancy (CI = 0.37-1.79) and 0.60 
in the last 3 months (0.30-1.24).These results suggest that chocolate consumption during 
pregnancy may lower risk of preeclampsia. However, reverse causality may also contribute 
to these findings. "If women diagnosed with preeclampsia reduced their calorie intake 
(including chocolate) subsequent to their diagnosis, and if the reported third trimester 
consumption or cord theobromine concentration represented exposure after the time of 
diagnosis, reverse causality could explain some of our findings. (Reverse causality could not 
explain the first trimester findings.)" 
 
 
 
The authors suggested that their findings of an inverse relationship between cord serum 
theobromine concentrations and risk of preeclampsia may be due to a direct role of 
theobromine. Additionally, during pregnancy, theobromine (or the other methylxanthines in 
chocolate) may improve placental circulation and inhibit xanthine oxidase, which, in the 
setting of hypoxia, increases production of reactive oxygen species and free radicals. 
Alternatively, theobromine concentrations could play an indirect role by (1) acting as a proxy 
for others chemicals (such as flavanols or magnesium) found in cocoa, (2) their correlation 
with other unmeasured dietary factors that influence risk of preeclampsia or (3) acting as a 
proxy for maternal metabolism of theobromine whereby enzymatic activity associated with 
metabolism, rather than actual theobromine concentrations, is responsible for influencing 
the risk of maternal outcomes. Because of the importance of preeclampsia as a major 
complication of pregnancy, the authors call for further studies to replicate these findings in 
other large prospective studies with a detailed assessment of chocolate consumption. 
Measurements of chocolate exposure should be designed to permit careful examination of 
the temporal relationship between chocolate consumption in pregnancy and subsequent risk 
of preeclampsia. 
 
To examine this further, Klebanoff et al. (2009) conducted an evaluation of data from 2769 
women in a control group from a case-control study of caffeine metabolites and 
spontaneous abortion nested within the Collaborative Perinatal Project. These women were 
pregnant between 1959 and 1966, with live born infants of at least 28 weeks gestation. 
Serum was drawn at <20 weeks and >26 weeks gestation, and assayed for theobromine by 
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high-performance liquid chromatography. Odds ratios (ORs) for preeclampsia were 
estimated using logistic regression, and adjusted for age, education, pre-pregnant weight, 
race, parity, smoking, and gestation at blood draw. Preeclampsia occurred in 68 (2.9%) of 
2105 eligible women. Adjusted ORs for preeclampsia were near unity across most third-
trimester theobromine concentrations. Adjusted ORs for preeclampsia according to 
theobromine concentration in serum at <20 weeks gestation increased with increases in 
concentration, although estimates were imprecise. This study does not support the previous 
finding that chocolate consumption is associated with a reduced occurrence of 
preeclampsia. The authors concluded that their study shows little evidence of a reduced risk 
of preeclampsia with higher serum theobromine concentrations during the third trimester. 
However, both this study and that of Triche et al. (2008) are small (68 and 63 cases of 
preeclampsia, respectively) and estimates are imprecise. The authors provided additional 
information for the differences observed noting that preeclampsia is considered to have 
several phases, with the early phase consisting of placental implantation, which normally 
occurs in a hypoxic environment to minimize exposure of the embryo to oxygen free 
radicals.  Defective implantation can cause a variety of biochemical abnormalities, one or 
more of which may be the proximate cause of the clinical syndrome. Among these 
abnormalities are markers of endothelial dysfunction and oxidative stress, although whether 
these are the cause or manifestation of the underlying abnormalities is unknown. Therefore, 
were chocolate consumption to affect preeclampsia, the relevant period might be very broad 
and the optimal time to assess chocolate consumption uncertain. 
 
There are also limitations in the Klebanoff et al. (2009) study. As controls for another study, 
all women had live born infants of at least 28 weeks gestation. Cases of preeclampsia 
resulting either in a birth before 28 weeks gestation or a stillbirth had been excluded, 
which might introduce selection bias if theobromine were specifically associated with these 
cases. Unmeasured confounding by constituents of chocolate other than theobromine is a 
potential limitation. Flavonoids and antioxidants occur in greater amounts in dark chocolate 
than in other forms of chocolate; dark chocolate was likely not eaten as commonly by 
women in the Klebanoff et al. (2009) study, during the 1960s, compared with women 
studied by Triche et al. (2008) many years later. Other potential sources of unmeasured 
confounding include dietary or lifestyle characteristics of women who consume large 
amounts of chocolate, although they controlled for similar factors as Triche et al. (2008). 
Conditions that either reduce estrogen concentrations in pregnancy or result from lower 
estrogens might lower the concentration of theobromine for a given chocolate intake (and 
thereby produce an artifactual inverse association between serum theobromine and that 
condition) if these conditions blocked the decline of CYP 1A2 activity. However, neither 
preeclampsia nor increases in blood pressure in normal pregnancy have been associated 
with changes in serum estrogen concentration. Future studies should obtain both reported 
intake and biomarker data (theobromine and other actives in dark chocolate), remote from 
the diagnosis of preeclampsia, on larger numbers of pregnant women to obtain more 
detailed and precise estimates of this association. 
 

In Vitro Studies 
 
It is well known that angiogenesis plays an important role in cancer cell growth and 
metastasis formation. Gil et al. (1993) examined the effect of theobromine administered 
subcutaneously to BALB/c mice in doses of 1-125 mg/kg body weight on days 0, 1, and 2 
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following intradermal inoculation of E14/W lung carcinoma cells. Theobromine as a 
purinoceptor antagonist inhibited tumor-related angiogenesis and thus may inhibit 
neovascularization in tumor growth and metastasis. This same group showed that 
theobromine significantly decreased the activity of mononuclear cells obtained from diabetic 
patients with proliferatate retinopathy in their ability to induce neovascularization and 
suggested that it should be evaluated further for its utility in treatment. Barcz et al. (1998) 
determined that theobromine, as an adenosine receptor antagonist, caused significant 
inhibition of angiogenic activity of ovarian cancer cells and suggested its mechanism of 
action is related to the inhibition of vascular endothelial growth factor (VEGF) production. 
Skopinska-Rozewska et al. (1998) further showed in vivo the effect of theobromine 
suppression on angiogenic activity of human urothelial cell line (HCV-29), v.raf transfected 
(in the mouse cutaneous assay), and the in vitro effect on VEGF mRNA expression. 
 
Sadzuka et al. (1995) showed in vitro that theobromine inhibited the efflux of the antitumor 
agent adriamycin, increased its antitumor activity and the concentration of adriamycin in 
tumors. When the RNA binding efficacy of theophylline, theobromine, and caffeine were 
examined in yeast cells, theobromine and caffeine had about half the binding affinity to RNA 
as theophylline (Johnson et al., 2003). 
 
Relative to their antioxidant and prooxidant activities, Azam et al. (2003) demonstrated that 
caffeine, theobromine, and xanthine have a quenching effect on the production of hydroxyl 
radicals, as well as on oxidative DNA breakage by hydroxy radicals. They can be 
prooxidants in the presence of transition metal ions. 
 

Potential Allergenicity 
 
There is only one case report (an abstract) in the literature dealing with allergy to 
methylxanthines (Cordobes-Duran et al., 2007). A 46 year old male had itching in his palms 
and an acute episode of urticaria immediately after ingestion of a medicine containing 
caffeine. He also suffered an urticaria episode immediately after drinking a cup of coffee. 
Sometime later, he drank another cup of coffee experiencing another similar episode. The 
patient had previously noted that some years before he had suffered episodes of urticaria 
after eating chocolate – which contains theobromine – although those episodes were less 
severe. Data presented were suggestive, but because of other cardiac health concerns the 
subject was not challenged with individual methylxanthines. 
 
The potential allergenicity to theobromine in the general population is minimal. 
 
 
Potential Drug Interactions 
 
The methylxanthines, theobromine, caffeine, and theophylline, are extensively metabolized 
by the Cytochrome P450 enzymes. Thus, any drug that is known to inhibit or induce 
CYP4501A2 or CYP4502E1 has the potential to impact the clearance of these di-and tri-
methylxanthines. Carillo et al. (1998) demonstrated in schizophrenic patients an interaction 
between caffeine and clozapine, both of which are CYP1A1 substrates. In seven subjects 

000161



  
49 

on monotherapy, clozapine concentrations were lower after they were changed to a 
caffeine-free diet for 5 days. Therefore, habitual caffeine and presumably ingestion of other 
methylxanthines could alter the metabolism of this drug in this special population. In this 
situation, methylxanthine intake should be medically supervised and levels of clozapine 
monitored in schizophrenic patients taking this drug. 
 
An earlier experimental study by Harris et al. (1986) showed that nonlethal doses of the 
methylxanthines, caffeine or theophylline, produced dose-dependent lethality in rats 
pretreated with isoniazid. This drug has been used clinically as an antitubercular agent and 
produces secondary effects on neurotransmission. Isoniazid blocks GABA synthesis, 
thereby reducing GABAergic neurotransmission and increasing the risk of epileptic seizures. 
In this report, isoniazid pretreatment did not alter theophylline concentration in blood or 
brain, suggesting that the drug interaction was not due to altered distribution or metabolism 
of theophylline. Death was associated with tonic-clonic seizures and pulmonary congestion. 
The toxicity of the drug combination was blocked by the anticonvulsants diazepam, barbital, 
and trimethadione, but not by chlorpromazine, a sedative drug which lacks anticonvulsant 
activity. Thus, a fatal drug interaction was experimentally demonstrated in rats between 
isoniazid and theophylline which may be due to convulsions that trigger a shock lung 
syndrome. 
 
Another example of a potential drug interaction with the methylxanthines is with the drug 
Cimetidine. It is used to treat and prevent certain types of ulcer, and to treat conditions that 
cause the stomach to produce excess acid. Cimetidine is a known inhibitor of many 
isozymes of the cytochrome P450 enzyme system (specifically CYP1A2, CYP2C9, 
CYP2C19, CYP2D6, CYP2E1, and CYP3A4) and thus there is a decrease in renal 
clearance of other drugs. In this case, it could inhibit the clearance of theobromine, caffeine, 
and theophylline. While Cimetidine was once widely used to relieve heartburn by reducing 
gastric acidity, its use today is more limited. The development of longer-acting H2-receptor 
antagonists with reduced adverse effects such as ranitidine proved to be the downfall of 
Cimetidine and, while it is still used, it is no longer among the more widely used H2-receptor 
antagonists. Side effects from Cimetidine can include dizziness, and more rarely, 
headaches. 
 
It can be concluded that any drug that is known to inhibit or induce CYP4501A2 or 
CYP4502E1 has the potential to impact the clearance of these di-and tri-methylxanthines 
including theobromine but the risk here is no different that which already occurs from 
common dietary exposure from foodstuffs. 
 

OTHER ANIMAL STUDIES  
 
Since cocoa byproducts are used as a component of animal feed in many countries where 
chocolate and cocoa products are produced, EFSA (2008) recently completed an evaluation 
of theobromine exposure in animal feeds from available literature. Results are summarized 
below. 
 

Domestic Animals 
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In dairy cows, reduction in milk yield and increase in fat content occurred when fed 
theobromine at approximately 15 mg/kg b.w. per day (Weniger et al., 1955; 1956). 
Adverse effects (hyperexcitability, sweating, and increased respiration and heart rates) were 
found in calves fed theobromine between 45 and 90 mg/kg b.w. for some weeks (Curtis and 
Griffiths (1972). 
 
• In goats, reduced dry matter intake and body weight gain were found at the lowest 
theobromine dose tested, approximately 300 mg/kg b.w. per day for 56 days (Aregheore, 
2002).  
 
• In lambs exposed to theobromine for 3 months, the NOAEL was identified as 
approximately 35 mg theobromine/kg b.w. per day. At higher doses, depression of feed 
intake and weight gain was seen. In adult sheep reduced feed intake was observed at 
exposure of approximately 50 mg theobromine/kg b.w. per day for 5 days. No effects were 
observed when this level was given as a single dose (Tarka et al., 1978). 
 
• In horses, a single dose of 0.29 g of theobromine (estimated to be about 0.5 mg/kg b.w.) 
did not cause any clinical or biochemical effects (Kelly and Lambert, 1978). 
 
• In pigs, feeding studies with cocoa meal resulting in exposure to 24 mg/kg b.w. of 
theobromine caused growth retardation and diarrhea, and made pigs lethargic. For young 
growing pigs a NOAEL of 7 mg/kg b.w. was identified. Older growing pigs appeared to 
tolerate somewhat higher doses (Braude and Foot, 1942; Braude, 1943; Yang et al., 1997). 
 
• The NOAEL of theobromine in young chickens were found to vary between 260 and 1100 
mg/kg diet (approximately 26-110 mg/kg b.w. per day), with depressed feed intake and 
weight gain at higher doses (Day and Dilworth, 1984; Odunsi and Longe, 1995a; 1998). In 
older broiler chickens, a LOAEL of 950 mg/kg (approximately 95 mg/kg b.w. per day) was 
found (Odunsi et al., 1999). 
 
• For laying hens a LOAEL of 1100 mg theobromine/kg diet (corresponding to 66 mg/kg b.w. 
per day) may be identified, based on liver and kidney toxicity, depressed weight gain, and 
egg-production (Odusi and Longe, 1995a,b). 
 
• In rabbits, the NOAEL was 63 mg theobromine/kg b.w., based on variation in skeletal 
development observed at 41 mg/kg b.w. (Tarka et al., 1986a). 
 
 
• In dogs, acute fatal intoxication may occur after a single ingestion of theobromine at 80- 
300 mg/kg b.w. Dogs dosed up to 50 mg/kg b.w. for 1 year did not show adverse effects 
(Gans et al., 1980). 
 
 

Wild Animals 
 
In a series of small tests, Johnston (2005) evaluated the toxicity of methylxanthines in 
coyotes as a means of population control based on previous toxicity studies in dogs. In the 
first of these studies, two coyotes were given a ration of theobromine and caffeine (13:1) in 
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lard/rendered bacon fat/soybean oil that the animals could consume within 3 hours. One of 
the animals vomited shortly after the acute dose and survived. The other animal that had 
ingested 413 mg theobromine and 31.6 mg caffeine died following 15 seconds of 
symptoms, which included recumbent posture and labored breathing. In a second 
experiment, coyotes (4 animals/dose) were gavaged with a single dose of a 
theobromine/caffeine mixture (13:1) at 400, 450, 650, or 850 mg/kg body weight, diluted in 
1:24 in water, and given 60 mL extra water. Before it was decided to administer the 
methylxanthines in water, two coyotes received 450 mg of the mixture/kg body weight in 
water suspension, and two other animals in soybean oil suspension. The two animals that 
received the latter suspension regurgitated the suspension shortly after dosing and 
survived. The two animals receiving the water-based suspension retained the 
methylxanthines and showed relatively mild signs of toxicosis: increased salivation and 
slight trembling for several minutes. Premortality symptoms were relatively mild in this study. 
The LD50 was calculated to be 516 mg/kg b.w. and the LD99 619 mg/kg b.w. Another group 
of coyotes (4 animals/dose) was treated with 600 mg methylxanthines/kg b.w. but the ratio 
of theobromine to caffeine differed: 1:1, 1:2, 2:1, 4:1, 5:1, or 6:1. Animals given the dose in 
the ratio 1:1 and 1:2 exhibited vigorous symptoms of toxicosis and were euthanized. 
Animals given the other rations died during the post-dosing observation and duration and 
magnitude of premortality symptoms generally decreased with increasing proportion of 
theobromine. From these data an additional acute toxicity study was designed with a ratio of 
theobromine to caffeine of 5:1 at the doses 250, 350, 450, and 650 mg/kg b.w. Percent 
lethal toxicity was dose-dependent, and resulted in LD50 and LD99 values of 336 and 385 
mg/kg body weight, respectively. Premortality symptoms were minimal. 
 
In a Swedish case study, a red fox (Vulpes vulpes) and a European badger (Meles meles) 
were found dead on a golf-course close to a farm using chocolate waste as pig feed. 
Theobromine and caffeine were identified in gastric contents and theobromine in samples of 
liver tissue analyzed by reversed phase HPLC (Jansson et al., 2001). The gastric content of 
theobromine of the red fox was 420 µg/g, whereas samples of the gastric content of the 
badger contained 270 µg/g theobromine. Caffeine occurred at lower levels, 10 and 110 
µg/g, respectively. Liver samples contained 64 and 105 µg theobromine per g of liver 
sample, respectively. At necropsy both animals had acute circulatory collapses. The 
histological examination also showed acute non reactive edema in liver, kidney, lung, lymph 
nodes, heart, and meninges. Both animals had mild mononuclear corneal cell infiltration and 
corneal edema, as well as multifocal hemorrhages. 
 
A case report describes a male kea (wild parrot) died by consuming chocolate (Gartrell and 
Reid, 2007). The bird had previously been involved in behavioral tests of problem solving 
ability. It was found dead and the crop contained 20 g of what appeared to be dark 
chocolate. A conservative estimate of the dose of ingested methylxanthines was 250 mg/kg 
b.w. of theobromine and 20 mg/kg b.w. of caffeine. Histopathological examination revealed 
acute degenerative changes to hepatocytes, renal tubules, and cerebrocortical neurons. 
 

SUMMARY  
 
Theobromine (3,7-dihydro-3,7-dimethyl-1H-purine-2,6-dione) is a  methylxanthine alkaloid. 
Theobromine is colorless and odorless with a slightly bitter taste and is naturally present in 
all parts of the seed and at smaller quantities in the pod of the cacao tree (Theobroma 
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cacao L.). It is very insoluble in water and only slightly soluble in organic solvents. 
Commercial theobromine is a high purity (98-99%) white fine powder produced by 
chemical synthesis.  Specifications for theobromine have been established and analyses of 
representative batches of theobromine produced in this manner demonstrate the consistent 
quality and compliance with the specifications of the product. Shelf life is at least 24 months 
or longer when stored in a tightly sealed container at room temperature. 
 
Methylxanthines occur naturally in at least sixty different plant species and include caffeine 
(the primary methylxanthine in coffee) and theophylline (the primary methylxanthine in tea). 
Theobromine is the primary methylxanthine found in products of the cacao tree (Theobroma 
cacao), beans, and shells. Much smaller amounts are found in tea, coffee, and cola nuts. 
The history of cacao use, and thus of theobromine intake, dates back more than three 
thousand years where cacao was first consumed as a fermented–type cocoa drink in 
Central America.  
 
The USDA nutrient database was combined with the NHANES 2003-2004, 2005-2006 
dietary intake data to estimate the background intake of theobromine.  Approximately 65.1% 
of the total U.S. population was identified as potential consumers of theobromine on a 
regular basis.  Consumption of a standard diet by the total U.S. population resulted in 
estimated daily mean all-person and all-user intakes of theobromine of 43 mg/person/day 
(0.8 mg/kg body weight/day) and 61 mg/person/day (1.1 mg/kg body weight/day), 
respectively.  The estimated daily 90th percentile all-person and all-user intakes of 
theobromine within the total population were 123 mg/person/day (2.2 mg/kg body 
weight/day) and 147 mg/person/day (2.9 mg/kg body weight/day), respectively.  
 
When the database was examined for contribution of proposed uses of theobromine to that 
from its natural occurrence in foods, approximately 94.6% of the total U.S. population was 
identified as potential consumers of theobromine from either the proposed food-uses or 
natural occurrence in foods. Consumption of all of these types of foods by the total U.S. 
population resulted in estimated mean all-person and all-user intakes of theobromine of 145 
and 150 mg/person/day, respectively, equivalent to 2.6 and 2.7 mg/kg body weight/day, 
respectively, on a body weight basis.  The 90th percentile all-person and all-user intakes of 
theobromine from all proposed food-uses and naturally occurring levels by the total 
population were 314 and 319 mg/person/day, respectively, or 5.7 and 5.8 mg/kg body 
weight/day, respectively.   
 
When heavy consumers (90th percentile) were assessed, all-person and all-user intakes of 
theobromine from all proposed food-uses and background sources were determined to be 
greatest in male adults at 339 and 341 mg/person/day, respectively.  The lowest 90th 
percentile all-person and all-user intake estimates were identified as occurring in infants, 
with values of 154 and 177 mg/person/day, respectively, on an absolute basis.  On a body 
weight basis, infants were determined to have the greatest all-person and all-user 90th 
percentile intakes of theobromine with values of 12.7 and 14.1 mg/kg body weight/day, 
respectively.  The lowest all-person and all-user 90th percentile intakes of theobromine on a 
body weight basis were observed in male adults with intake values of 4.0 and 4.1 mg/kg 
body weight/day, respectively. 
 
In milk chocolate, which contains 10-15% cocoa, Zoumas et al. (1980) reported an average 
of 1530 mg theobromine/kg milk chocolate (with a range of 1350-1860) whereas dark 
chocolate contained an average of 4600 mg theobromine/kg (with a range of 3600-6300). 
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Dark chocolate contains between 30 and 80% cocoa, and the theobromine content varies 
depending on the percent of cocoa in the chocolate. A worst case scenario based on these 
data, and assuming that a 60 kg person eats 100 g of very dark chocolate (a max of 6300 
mg theobromine/kg chocolate) per day, would result in a theobromine intake of 630 mg per 
day corresponding to 10.5 mg theobromine/kg body weight.  
 
Caffeine is a more potent CNS stimulant than theobromine. While the main molecular target 
of caffeine and theophylline is their antagonistic effect on adenosine receptors, in particular 
A1, A2A, and A2B subtypes, theobromine is a weak antagonist with a two- and threefold 
lower affinity to A1 and A2A receptors than caffeine (Snyder et al., 1981; Carney, 1982; 
Carney et al., 1985; Shi and Daly, 1999; Fredholm et al., 1999; Fredholm, 2007). 
Theobromine is apparently a weak inhibitor of phosphodiesterase as it does not interfere 
with adenosine 3´,5´-phosphate cyclic AMP signalling as do other xanthines (Robinson et 
al., 1967; Heim and Ammon, 1969). Theobromine and its derivatives act as smooth-muscle 
relaxants, diuretics, cardiac stimulants, and coronary vasodilators (Merck Index, 2006). The 
diuretic action of theobromine, which is brought about by increased glomerular filtration rate 
and inhibited reabsorption of sodium and water, is more sustained than that of theophylline, 
but less pronounced (Fredholm, 1984). 
 
Comprehensive toxicological safety assessments have also been conducted on both 
theobromine and a fully characterized natural cocoa powder for methylxanthine content, and 
these latter studies are directly applicable to the safety of theobromine.  Metabolic and 
pharmacokinetic studies in a number of different animal species and in humans as well as 
studies in pregnant animals have elucidated the primary metabolites and respective half-
lives and excretion rate. Theobromine is well absorbed (>90%) from the gastrointestinal 
tract in humans and in mice, rats, rabbits, and dogs with bioavailability close to unity (Miller 
et al., 1984; Walton et al., 2001; Dorne et al., 2001).  
 
Theobromine is distributed throughout the total body water with a volume of distribution of 
<1 L/kg body weight.  In humans, the bound and unbound volumes of distribution are 0.68 
and 0.8 L/kg body weight, respectively (Lelo et al., 1986). Excretion patterns of theobromine 
and its metabolites were qualitatively comparable among species, indicating that 
theobromine is metabolized via similar pathways. Except for the excretion of small quantities 
of an unidentified but apparently unique metabolite by dogs, only quantitative species- and 
sex-related differences have been observed in the metabolic disposition of theobromine. 
 
Theobromine has a low order of toxicity. The toxicity of theobromine as compared to other 
methylxanthines has been reviewed by Tarka (1982). The acute oral LD50 of theobromine 
(sodium acetate salt) in rats has been reported to be 950 mg/kg body weight, whereas in 
mice it is 1356 mg/kg body weight. The target organs of theobromine toxicity in rats and 
mice are the thymus and the testes. The toxicity of theobromine in domestic animals has 
also been reviewed in a number of species (EFSA, 2008) as it relates to a component of 
cocoa byproducts for use as animal feed. Their conclusions relative to toxicity agree with 
what is reported here. Human exposure to theobromine from products derived from animals 
fed cocoa byproducts such as meat, milk, and eggs is expected to be negligible in 
comparison to direct consumption of cocoa products. EFSA called for more data on 
theobromine occurrence, proposed use levels, the development of additional dose-response 
data in pigs, and for data in milk and egg products. 
 
In acute clinical exposures, medically ill patients tolerated 3-4.5 gram doses of theobromine 
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administration for diuresis with no reported adverse effects. 
 
The effects of theobromine, theophylline, and caffeine on the male reproductive system 
have been well documented. It has been clearly demonstrated that continuous dietary 
exposure to high levels of these methylxanthines administered as either pure 
methylxanthine or cocoa powder providing an equivalent dosage will induce irreversible 
testicular atrophy and aspermatogenesis. Testicular toxicity appears to occur at about 300 
mg/kg body weight in rats, whereas dietary doses up to 150 mg/kg body weight did not 
induce testicular toxicity in dogs. The NOAEL for testicular toxicity in the rat is 150 mg/kg 
body weight per day in the studies reported by Tarka et al. (1979; 1981), Gans, (1984), and 
Shively et al. (1986). The gavage study by Wang and Waller (1994) reported a NOAEL of 50 
mg/kg body weight per day in the rat. Reproductive toxicology studies including teratology 
studies in rats and rabbits demonstrated that both theobromine and cocoa powder were not 
teratogenic. However, incomplete ossification was noted resulting in a NOAEL of ~50 mg/kg 
bw/day in both species. There is considerable debate in the field as to the relevance and 
significance of this observation as methodology employed along with timing in excising 
fetuses can all lead to skeletal variation observations. Christian and Brent (2001) and others 
(Collins et al.,1987; Carney and Kimmel, 2007), have argued that this effect is reversible and 
does not affect the health or survival of neonates, or subsequent reproductive performance of 
these animals but it must still be considered a treatment-related effect. Therefore, as with 
caffeine, the ADI for theobromine, calculated from animal studies, is much lower than the current 
EDI. A three generation reproductive toxicity study in rats conducted with cocoa powder 
resulted in a NOAEL of ~104 mg/kg bw/day for theobromine (Hostetler et al., 1990).  

In a 13-week feeding study (non-GLP), groups of 10 male and 10 female Sprague-
Dawley rats received cocoa powder at dietary doses of approximately 0, 0.6, 3.1, and 
6.2%) and theobromine at levels of 0, 0.02, 0.1, and 0.2 % of a certified chow diet for 90-
days (levels corresponded to 25, 125, and 250 mg/kg body weight/day). The only 
changes noted were a statistically significant reduction in weight gain and in testicular 
weight (absolute) in males at the high dose. No pathological lesions were observed and 
there were no hematological changes. 
 
Male and female Sprague-Dawley rats were given cocoa powder (two different lots) 
containing either 2.50% or 2.58% theobromine and 0.19% caffeine in the diet at 
concentrations of 0, 1.5, 3.5, and 5.0% for three generations (Hostetler et al., 1990). During 
the initial 12-week growth periods for each generation the mean methylxanthine exposures 
(of which 93% was theobromine) in mg/kg body weight/day were 30, 72, and 104 
respectively, in the F0, F1b, F2b male rats treated with 1.5, 3.5, and 5.0% cocoa powder diets. 
Methylxanthine intake was slightly greater for female rats and averaged 36, 86, and 126 
mg/kg/day for the 1.5, 3.5, and 5.0%-cocoa powder groups, respectively. No consistent 
dose-related effects on any of the reproductive indices were noted over the three 
generations. Non-reproductive toxicity included decreased body weight gain in both of the 
highest levels and renal tubular mineralization in the F0 generation males on the 5% cocoa 
powder. The NOAEL was 1.5% cocoa powder, equivalent to 104 mg/kg bw/day total 
methylxanthines for males and 126 mg/kg bw/day total methylxanthines for females. 

A comprehensive chronic toxicity/carcinogenicity study of cocoa powder was also conducted 
(Tarka et al., 1991) under Good Laboratory Practice (GLP) conditions in the offspring of rats 
from a multigeneration study of dietary cocoa powder (Hostetler et al., 1990). These 
offspring were maintained on cocoa powder-containing diets for 104 weeks at the same 
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dietary concentrations (0, 1.5, 3.5, and 5.0%) that had been fed to their predecessors for 
three generations. Diets containing the highest concentration of cocoa powder (5.0%) 
provided mean intakes during weeks 0-26 of 151 mg/kg/body weight per day of 
methylxanthines. During weeks 26-104, 5% cocoa powder provided cocoa intakes of 2.1 
g/kg body weight/day and 2.7 g/kg body weight/day, respectively for male and female rats. 
The results from this study clearly indicated no evidence of chronic toxicity or 
carcinogenicity. The incidence of bilateral diffuse testicular atrophy was increased and 
spermatogenesis was decreased in male rats fed 5% cocoa powder. These effects were not 
unexpected since methylxanthines –theobromine, caffeine, and theophylline –are known to 
exhibit effects on the testis as a target organ in rats at this level.  
 
The potential genetic effects of theobromine have been reviewed by a number of 
researchers including Timson, (1975), Tarka, (1982), Grice, (1987), and Rosenkranz and 
Ennever (1987) who, in particular, evaluated published data on the genotoxicity of 
theobromine and caffeine by the Carcinogen Prediction and Battery Section (CPBS) method 
and reported that in spite of some positive responses, these analyses did not predict for 
theobromine a potential for causing cancer by virtue of a genotoxic mechanism. Brusick et 
al. (1986 b) reported that theobromine was not mutagenic in the Ames assay up to a 
maximum concentration of 5000 µg/plate either with or without metabolic activation. This 
group also reported on a series of mutagenicity tests for theobromine and which are quoted 
below in the IARC report (1991). Significant increases in the frequency of sister chromatid 
exchange were induced in Chinese Hamster Ovary Cells and in human lymphocytes in the 
absence of an exogenous metabolic system; in the presence of an exogenous metabolic 
system the results were equivocal and not dose-related (Brusick et al., 1986b). 
Chromosomal aberrations were not induced by theobromine in Chinese Hamster Ovary 
Cells with and without metabolic activation and BALB/c3T3 cells were not transformed. 
Similar results were reported for cocoa powder by Brusick et al. (1986a). Giri et al. (1999) 
confirmed the negative results reported by Brusick et al. (1986b) for Ames mutagenicity 
testing, but noted significant sister chromatid exchange in bone marrow cells of mice. 
 
IARC (1991) noted that in lower eukaryotes (e.g. Euglena gracilis, Physaarum 
pollycephalum, Schizosaccharomyces pombe) and bacteria (e.g. E. Coli, phage T5-
resistance, Klebsiella pneumoniae) theobromine induced mutations, but gave negative 
results in various Salmonella typhimurium strains with and without metabolic activation. In 
cultured rodent cells theobromine induced gene mutations (at cytotoxic concentrations), 
sister chromatid exchange (SCE), but not chromosomal aberrations or cell transformation. 
In human lymphocytes in vitro, SCE and chromosomal aberrations were seen in some 
experiments (IARC, 1991). In in vivo studies, theobromine induced SCE and micronuclei, 
but not chromosomal aberrations, in the bone marrow of Chinese hamsters. Theobromine 
did not induce dominant lethal effects in mice or rats (IARC, 1991). 
 
Evidence for mutagenic and clastogenic effects of theobromine is equivocal. Theobromine 
appears to have limited genotoxicity in vitro and in vivo, and where genotoxicity was 
reported, this occurred at extremely high doses. Genotoxic effects of theobromine are 
similar to caffeine. 
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CONCLUSION 
 
We, the Expert Panel, have, independently and collectively, critically evaluated the data and 
information summarized above and conclude that the proposed use of theobromine in 
baked goods and baking mixes, breakfast cereals, beverages and beverage bases, bottled 
water, chewing gum, tea, dairy product analogs, gelatins, puddings and custard, hard 
candy, milk products, processed fruits and fruit juices, and vitamin and mineral supplements 
as specified in Table 5 and at the highest maximum level of 75 mg per serving in one food 
product (when not otherwise precluded by a Standard of Identity), produced consistent with 
current Good Manufacturing Practice (cGMP) and meeting appropriate food grade 
specifications described herein, is safe.   
 
We further conclude that the proposed use of theobromine as an ingredient in certain 
selected foods and beverages as described above is Generally Recognized as Safe 
(GRAS) based on scientific procedures.   
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It is our opinion that other qualified experts would concur with these two conclusions.

Date
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Estimated Daily Intake of Theobromine by the U.S. 
Population from Proposed Food-Uses 

1.0 INTRODUCTION 

Cantox Health Sciences International has completed an assessment of the consumption of 
theobromine by the United States (U.S.) population as proposed for use in baked goods and 
baking mixes, breakfast cereals, beverages and beverage bases, bottled water, chewing gum, 
coffee and tea, dairy product analogs, gelatins, puddings, and custard, hard candy, milk 
products, processed fruits and fruit juices, and vitamin and mineral supplements. In addition to 
the intake solely from all proposed uses, the overall intake of theobromine based on all naturally 
occurring levels also was estimated. 

Estimates for the intake of theobromine were based on the proposed food-uses and use-levels 
in conjunction with food consumption data included in the National Center for Health Statistics’ 
(NCHS) National Health and Nutrition Examination Surveys (NHANES) (CDC, 2006; USDA, 
2009a,b).  The data from the 2003-2004 and 2005-2006 cycles of the NHANES survey were 
combined to provide a larger population from which to estimate theobromine consumption.  
Calculations for the mean and 90th percentile all-person and all-user intakes, and percent 
consuming were performed for each of the individual proposed food-uses of theobromine.  
Similar calculations were used to determine the estimated total intake of theobromine resulting 
from all proposed food-uses of theobromine combined.  In both cases, the per person and per 
kilogram body weight intakes were reported for the following population groups: 

infants, ages 0 to 2; 
  children, ages 3 to 11; 
  female teenagers, ages 12 to 19; 
  male teenagers, ages 12 to 19; 
  female adults, ages 20 and up; 

male adults, ages 20 and up; and 
  total population (all age and gender groups combined). 

2.0 NHANES SURVEY DATA 

2.1 Survey Description 

National Health and Nutrition Examination Surveys (NHANES) for the years 2003-2004 and 
2005-2006 are available for public use.  NHANES are conducted as a continuous, annual 
survey, and are released in 2-year cycles.  Each year about 7,000 people from 15 different 
locations across the U.S. are interviewed, and approximately 5,000 complete the health 
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examination component of the survey.  Any combination of consecutive years of data collection 
is a nationally representative sample of the U.S. population.  It is well established that the length 
of a dietary survey affects the estimated consumption of individual users and that short-term 
surveys, such as the typical 1-day dietary survey, overestimate consumption over longer time 
periods (Anderson, 1988).  Because two 24-hour dietary recalls administered on 2 
non-consecutive days (Day 1 and Day 2) are available from the NHANES 2003-2004, 
2005-2006 survey, these data were used to generate estimates for the current intake analysis.  

NHANES 2003-2004, 2005-2006 survey data were collected from individuals and households 
via 24-hour dietary recalls administered on 2 non-consecutive days (Day 1 and Day 2) 
throughout all 4 seasons of the year.  Day 1 data were collected in-person, and Day 2 data were 
collected by telephone in the following 3 to 10 days, on different days of the week, to achieve 
the desired degree of statistical independence.  The data were collected by first selecting 
Primary Sampling Units (PSUs), which were counties throughout the U.S, of which 15 PSUs are 
visited per year.  Small counties were combined to attain a minimum population size.  These 
PSUs were segmented and households were chosen within each segment.  One or more 
participants within a household were interviewed.  For NHANES 2003-2004 12,761 individuals 
were selected for the sample, 10,122 were interviewed (79.3%), and 9,643 were sampled 
(75.6%).  For NHANES 2005-2006 12,862 individuals were selected for the sample, 10,348 
were interviewed (80.4%), and 9,950 were sampled (77.4%). 

In addition to collecting information on the types and quantities of foods being consumed, 
NHANES 2003-2004 and 2005-2006 collected socioeconomic, physiological and demographic 
information from individual participants in the survey, such as sex, age, height and weight, and 
other variables useful in characterizing consumption.  The inclusion of this information allows for 
further assessment of food intake based on consumption by specific population groups of 
interest within the total population.  Sample weights were incorporated with NHANES 
2003-2004 and 2005-2006 data to compensate for the potential under-representation of intakes 
from specific population groups as a result of sample variability due to survey design, differential 
non-response rates, or other factors, such as deficiencies in the sampling frame (CDC, 2006; 
USDA, 2009b). 

2.2 Statistical Methods 

Consumption data from individual dietary records, detailing food items ingested by each survey 
participant, were collated by computer and used to generate estimates for the intake of 
theobromine by the U.S. population.  Estimates for the daily intake of theobromine represent 
projected 2-day averages for each individual from Day 1 and Day 2 of NHANES 2005-2006 
data; these average amounts comprised the distribution from which mean and percentile intake 
estimates were produced.  Mean and percentile estimates were generated incorporating survey 
weights in order to provide representative intakes for the entire U.S. population.  All-person 
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intake refers to the estimated intake of theobromine averaged over all individuals surveyed, 
regardless of whether they potentially consumed food products containing theobromine, and 
therefore includes “zero” consumers (those who reported no intake of food products containing 
theobromine during the 2 survey days).  All-user intake refers to the estimated intake of 
theobromine by those individuals potentially consuming food products containing theobromine, 
hence the “all-user” designation.  Individuals were considered users if they consumed 1 or more 
food products containing theobromine on either Day 1 or Day 2 of the survey. 

2.3 Statistical Reliability 

Mean or percentile intake estimates based on small sample sizes or with high variability relative 
to the mean [assessed using the coefficient of variation (CV)] may be less statistically reliable 
than estimates based on adequate sample sizes or low variability relative to the mean (LSRO, 
1995).  Data presented herein for the estimated daily intake of theobromine follow the guidelines 
proposed by the Human Nutrition Information Service/National Center for Health Statistics 
Analytic Working Group for evaluating the reliability of statistical estimates adopted in the “Third 
Report on Nutrition Monitoring in the United States”, whereby an estimated mean may be 
unreliable if the CV is equal to or greater than 30% (LSRO, 1995).  The CV is the ratio of the 
estimated standard error of the mean to the estimated mean, expressed as a percentage 
(LSRO, 1995).  Therefore, for the estimated intakes of theobromine presented herein, values 
were considered statistically unreliable if the CV was equal to or greater than 30% or the sample 
size is less than 30 respondents.  These values were not considered when assessing the 
relative contribution of specific food-uses to total theobromine consumption and are marked with 
an asterisk.  

3.0 FOOD USAGE DATA 

The individual proposed food-uses and use-levels for theobromine employed in the current 
intake analysis are summarized in Table 3-1.  Food codes representative of each proposed 
food-use, with the exception of calcium chews, were chosen from the NHANES 2005-2006 
(CDC, 2006; USDA, 2009b).  Food codes were grouped in food-use categories according to 
Title 21, Section §170.3 of the Code of Federal Regulations (CFR, 2009a).  Product-specific 
adjustment factors were developed based on data provided in the standard recipe file for the 
CSFII 1994-1996, 1998 survey (USDA, 2000).  All food codes included in the current intake 
assessment are listed in Appendix C.  

The background intakes of theobromine were calculated using the USDA’s Food and Nutrient 
Database for Dietary Studies 3.0 (FNDDS 3.0) (USDA, 2009a,b).  This database contains 
information pertaining to the content of 63 nutrients/food components, including theobromine, 
for all food codes employed in the NHANES intake assessment.  As such the calculation of the 
background intakes was completed employing the theobromine variable from the FNDDS 3.0 as 
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the daily food amount for each food code in the NHANES survey.  The same statistical 
methodology described above was then employed to generate mean and 90th percentile intake 
estimates for the all-person and all-user designations. 

Table 3-1 Summary of the Individual Proposed Food-Uses and Use-Levels for 
Theobromine in the U.S. 

Food Category Proposed Food-Uses Theobromine 
Level 

(mg/serving) 

Serving 
Size 

(g or mL) 

Use-
Levels 

(%) 
Baked Goods and Baking Mixes Bread 15 252 0.060 

Instant and Regular Oatmeal  30 372 0.13 Breakfast Cereals 

Ready-to-Eat Cereals 30 302 0.10 

Sports, Isotonic Drinks 60 4882 0.012 Beverages and Beverage Bases 

Meal Replacement Beverages, Non 
Milk-Based 

75 240 0.031 

Bottled Water Vitamin, Enhanced, and Bottled 
Waters 

40 240 0.017 

Chewing Gum Chewing Gum 10 3 0.33 

Coffee and Tea Tea 40 4882 0.0082 

Dairy Product Analogs Soy Milk 40 250 0.016 

Gelatins, Puddings, and Custard Gelatin 40 852 0.047 

Hard Candy Mints 5 2 0.25 

Meal Replacement Beverages, Milk-
Based 

75 240 0.031 

Yogurt (fresh, not-chocolate) 50 1702 0.029 

Milk Products 

Yogurt Drinks3 25 282 0.089 

Fruit Smoothies 50 3662 0.014 Processed Fruits and Fruit Juices 

Powdered Fruit-Flavored Drinks 50 82 0.62 
1 Unless otherwise indicated serving sizes were based on the Reference Amounts Customarily Consumed per Eating 
Occasion (RACC) (21 CFR §101.12 - CFR, 2009b). When a range of values is reported for a proposed food-use, 
particular foods within that food-use may differ with respect to their RACC. 
2 Serving size provided by The Tarka Group, Inc. 
3 Food codes from yogurt drinks are not included in the NHANES survey data and therefore codes for dairy-based 
fruit smoothie drinks were employed as surrogate codes. 
 

4.0 FOOD SURVEY RESULTS 

Estimated for the background intake of theobromine based on the USDA nutrient data for the 
NHANES data, as described in Section 3.0, are presented in Section 4.1.  Estimates for the total 
daily intakes of theobromine from all proposed food-uses alone are provided in Tables 4.2-1 and 
4.2-2, while the combined intakes are presented in Tables 4.2-3 and 4.2-4.  Estimates for the 
daily intake of theobromine from individual proposed food-uses in the U.S. are summarized in 
Tables A-1 to A-7 and B-1 to B-7 of Appendices A and B, respectively.  Tables A-1 to A-7 
provide estimates for the daily intake of theobromine per person (mg/day), whereas Tables B-1 
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to B-7 provide estimates for the daily intake of theobromine on a per kilogram body weight basis 
(mg/kg body weight/day).   

4.1 Estimated Daily Background Intake of Theobromine  

As described in Section 3.0, the USDA nutrient database was combined with the NHANES 
2003-2004, 2005-2006 dietary intake data to estimate the background intake of theobromine.  
Approximately 65.1% of the total U.S. population was identified as potential consumers of 
theobromine on a regular basis.  Consumption of a standard diet by the total U.S. population 
resulted in estimated daily mean all-person and all-user intakes of theobromine of 43 mg/ 
person/day (0.8 mg/kg body weight/day) and 61 mg/person/day (1.1 mg/kg body weight/day), 
respectively.  The estimated daily 90th percentile all-person and all-user intakes of theobromine 
within the total population were 123 mg/person/day (2.2 mg/kg body weight/day) and 147 mg/ 
person/day (2.9 mg/kg body weight/day), respectively. 

Table 4.1-1 Summary of the Estimated Daily Intake of Theobromine from All 
Background Levels in the U.S. by Population Group (2003-2004, 2005-2006 
NHANES Data) 

All-Person 
Consumption (mg) 

All-User Consumption 
(mg) 

Population 
Group 

Age Group 
(Years) 

% 
Users 

Actual # of 
Total Users 

Mean 90th 
Percentile 

Mean 90th 
Percentile 

Infants 0 to 2 37.9 705 18 57 41 111 

Children 3 to 11 78.8 2,153 61 150 74 158 

Female 
Teenagers 

12 to 19 69.2 1,375 44 111 61 136 

Male Teenagers 12 to 19 66.4 1,289 52 159 75 199 

Female Adults 20 and Up 68.0 2,911 40 115 55 133 

Male Adults 20 and Up 62.4 2,397 40 122 61 152 

Total Population All Ages 65.1 10,830 43 123 61 147 

 

The intake of theobromine from the typical diet was most prevalent among children with 78.8% 
of this population group identified as consumers of foods containing theobromine.  Within the 
individual population groups, the largest mean daily all-person intake of theobromine was 
identified as occurring in children with an intake of 61 mg/person/day.  The largest mean daily 
all-user intake was observed to occur in male teenagers for whom the background daily intake 
of theobromine was equivalent to 75 mg/person/day.  Infants displayed the lowest estimate for 
the mean daily all-person and all-user intakes of theobromine on an absolute basis with values 
of 18 and 41 mg/person/day, respectively.  On a body weight basis, estimated mean daily 
all-person intake of theobromine was observed to be highest in children at 2.3 mg/kg body 
weight/day while the highest estimate for the mean daily all-user intake of theobromine was 
observed to occur in infants at 3.2 mg/kg body weight/day.  The lowest all-person and all-user 
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mean daily intakes of theobromine on a per kilogram body weight basis were observed to occur 
in male adults at 0.5 and 0.7 mg/kg body weight/day, respectively.  

Table 4.1-2 Summary of the Estimated Daily per Kilogram Body Weight Intake of 
Theobromine from All Background Levels in the U.S. by Population Group 
(2003-2004, 2005-2006 NHANES Data) 

All-Person Consumption 
(mg/kg) 

All-User Consumption 
(mg/kg) 

Population Group Age Group 
(Years) 

% 
Users 

Actual # 
of Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 37.9 705 1.4 4.6 3.2 8.1 

Children 3 to 11 78.8 2,153 2.3 5.6 2.8 6.2 

Female Teenagers 12 to 19 69.2 1,375 0.8 2.0 1.1 2.3 

Male Teenagers 12 to 19 66.4 1,289 0.9 2.6 1.2 3.2 

Female Adults 20 and Up 68.0 2,911 0.6 1.6 0.8 1.9 

Male Adults 20 and Up 62.4 2,397 0.5 1.4 0.7 1.8 

Total Population All Ages 65.1 10,830 0.8 2.2 1.1 2.9 

 

When heavy consumers (90th percentile) were assessed, the largest daily all-person and 
all-user intakes of theobromine were determined to occur in male teenagers at 159 and 
199 mg/person/day, respectively.  The lowest 90th percentile all-person and all-user mean daily 
intakes of theobromine were identified in infants, with values of 57 and 111 mg/person/day, 
respectively, on an absolute basis.  On a body weight basis, children and infants were 
determined to have the greatest all-person and all-user 90th percentile intakes of theobromine 
respectively, with values of 5.6 and 8.1 mg/kg body weight/day, respectively.  The lowest 
all-person and all-user 90th percentile intakes of theobromine on a body weight basis were 
observed to occur in male adults with intakes of 1.4 and 1.8 mg/kg body weight/day, 
respectively. 

4.2 Estimated Daily Intake of Theobromine from All Proposed Food-Uses 

The estimated total intake of theobromine from all proposed food-uses in combination with the 
existing levels presented in foods in the U.S. by population group is summarized in Table 4.2-1.  
Table 4.2-2 presents these data on a per kilogram body weight basis.   

Approximately 94.6% of the total U.S. population was identified as potential consumers of 
theobromine from either the proposed food-uses or naturally occurrence in foods (15,737 actual 
users identified).  Consumption of all of these types of foods by the total U.S. population 
resulted in estimated mean all-person and all-user intakes of theobromine of 145 and 
150 mg/person/day, respectively, equivalent to 2.6 and 2.7 mg/kg body weight/day, respectively, 
on a body weight basis.  The 90th percentile all-person and all-user intakes of theobromine from 
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all proposed food-uses and naturally occurring levels by the total population were 314 and 
319 mg/person/day, respectively, or 5.7 and 5.8 mg/kg body weight/day, respectively.   

Children represented the population group containing the largest percentage of theobromine 
consumers based on the background levels and proposed food uses with 99.3% of individuals 
within this groups identified as potential theobromine consumers.  A high percentage of potential 
theobromine users were also identified in male and female adults and teenagers with more than 
96% of these population groups identified as potential consumers of theobromine.  On an 
individual population basis, the greatest mean all-person and all-user intakes of theobromine on 
an absolute basis were determined to occur in male teenagers, at 157 and 161 mg/person/day, 
respectively.  Infants continue to be the population group with the lowest identified intake of 
theobromine with mean all-person and all-user intakes of theobromine of 63 and 
77 mg/person/day, respectively.  On a body weight basis, the mean all-person estimate for the 
intake of theobromine was highest in children at 5.6 mg/kg body weight/day.  The mean all-user 
estimate for the intake of theobromine was highest in infant at 6.3 mg/kg body weight/day.  The 
lowest all-person and all-user mean intakes of theobromine on a per kilogram body weight basis 
was observed to occur in male adults with a values of 1.8 and 1.9 mg/kg body weight/day, 
respectively.  

Table 4.2-1 Summary of the Estimated Daily Intake of Theobromine from All 
Background Levels and Proposed Food Uses in the U.S. by Population 
Group (2003-2004, 2005-2006 NHANES Data) 

All-Person Consumption 
(mg) 

All-User Consumption 
(mg) 

Population Group Age Group 
(Years) 

% 
Users 

Actual 
# of 

Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 74.3 1,381 63 154 77 170 

Children 3 to 11 99.3 2,713 148 285 149 285 

Female Teenagers 12 to 19 97.2 1,931 133 275 137 280 

Male Teenagers 12 to 19 96.8 1,877 157 329 161 335 

Female Adults 20 and Up 96.7 4,142 144 318 148 321 

Male Adults 20 and Up 96.1 3,693 155 339 160 341 

Total Population All Ages 94.6 15,737 145 314 150 319 

 

When heavy consumers (90th percentile) were assessed, all-person and all-user intakes of 
theobromine from all proposed food-uses and background sources were determined to be 
greatest in male adults at 339 and 341 mg/person/day, respectively.  The lowest 90th percentile 
all-person and all-user intake estimates were identified as occurring in infants, with values of 
154 and 177 mg/person/day, respectively, on an absolute basis.  On a body weight basis, 
infants were determined to have the greatest all-person and all-user 90th percentile intakes of 
theobromine with values of 12.7 and 14.1 mg/kg body weight/day, respectively.  The lowest 
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all-person and all-user 90th percentile intakes of theobromine on a body weight basis were 
observed in male adults with intake values of 4.0 and 4.1 mg/kg body weight/day, respectively. 

Table 4.2-2 Summary of the Estimated Daily per Kilogram Body Weight Intake of 
Theobromine from All Background Levels and Proposed Food Uses in the 
U.S. by Population Group (2003-2004, 2005-2006 NHANES Data) 

All-Person Consumption 
(mg/kg bw) 

All-User Consumption 
(mg/kg bw) 

Population Group Age Group 
(Years) 

% 
Users 

Actual 
# of 

Total 
Users Mean 90th 

Percentile 
Mean 90th 

Percentile 
Infants 0 to 2 74.3 1,381 5.1 12.7 6.3 14.1 

Children 3 to 11 99.3 2,713 5.6 10.9 5.7 10.9 

Female Teenagers 12 to 19 97.2 1,931 2.3 4.7 2.3 4.7 

Male Teenagers 12 to 19 96.8 1,877 2.5 5.5 2.5 5.5 

Female Adults 20 and Up 96.7 4,142 2.0 4.4 2.1 4.5 

Male Adults 20 and Up 96.1 3,693 1.8 4.0 1.9 4.1 

Total Population All Ages 94.6 15,737 2.6 5.7 2.7 5.8 

 

4.3 Estimated Daily Intake of Theobromine from Individual Proposed Food-
Uses 

4.3.1 All-Person Intakes 

Estimates for the mean and 90th percentile daily intakes of theobromine from each individual 
proposed food-use are summarized in Tables A-1 to A-7 and B-1 to B-7 on a mg/day and mg/kg 
body weight/day basis, respectively.  Tables A-7 and B-7 summarize the estimates for the mean 
all-person intakes of theobromine by the total population (all ages) from each of the individual 
proposed food-uses on a mg/person/day and mg/kg body weight/day basis, respectively.  The 
total U.S. population was identified as being significant consumers of bread (67.6% users), 
ready-to-eat cereals (42.3% users), and vitamin, enhanced, and bottled waters (22.5% users).   

Consumption of vitamin, enhanced, and bottled waters provided the largest mean and 90th 
percentile all-person intakes of theobromine at 28 and 105 mg/person/day, respectively, within 
the total U.S. population.  The intakes were equivalent to 0.41 and 1.85 mg/kg body weight/day 
on a body weight basis.  In addition, high mean and 90th percentile all-person intakes of 
theobromine resulted from the consumption of bread (20 and 28 mg/person/day, respectively), 
ready-to-eat cereals (15 and 36 mg/person/day, respectively), and powdered fruit-flavored 
drinks (12 and 135 mg/person/day, respectively).  On a body weight basis, mean and 90th 
percentile all-person intakes for bread were 0.34 and 0.50 mg/kg body weight/day, for ready-to-
eat cereals were 0.29 and 0.10 mg/kg body weight/day, and for powdered fruit-flavored drinks 
were 0.22 and 0.43 mg/kg body weight/day, respectively.   
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Within the individual population groups, the highest mean all-person intakes of theobromine 
resulting from consumption of any individual proposed food uses were determined to result from 
the consumption of vitamin, enhanced, and bottled waters in male and female adults and 
teenagers.  The consumption of ready-to-eat cereals produced the greatest mean all-person 
intakes of theobromine in children and infants (Tables A-1 to A-6 and Tables B-1 to B-6).  For 
the 90th percentile intake of theobromine, the consumption of vitamin, enhanced, and bottled 
waters again produced the largest intake of theobromine in male and female adults and female 
teenagers, with the consumption of ready-to-eat cereals producing the largest intake of 
theobromine in male teenagers, children, and infants.  The highest mean and 90th percentile 
all-person intakes of theobromine resulting from the consumption of any individual proposed 
food use for theobromine were observed to occur in reported in female adults consuming 
vitamin, enhanced, and bottled waters which produced an intake estimates of 35 and 
138 mg/person/day, respectively.  On a body weight basis, consumption of ready-to-eat cereals 
by children led to the highest estimates for the mean and 90th percentile all-person intake of 
theobromine at 0.82 and 1.96 mg/kg body weight/day, respectively.  

4.3.2 All-User Intakes 

Tables A-7 and B-7 also summarize the estimates for the mean all-user intakes of theobromine 
by the total population (all ages) from each of the individual food-uses on a mg/person/day and 
mg/kg body weight/day basis, respectively.  For all-user intakes, the contribution of each food-
use to the overall intake is a function of both the estimated intake of theobromine resulting from 
the consumption of the food, as well as the percentage of users identified as consumers of the 
food.  For example, within the total population, the consumption of fruit smoothies resulted in an 
estimated mean all-user theobromine intake of 192 mg/person/day; however, only 164 users 
(1.0% of the total population) of fruit smoothies meal replacement drinks were identified and 
therefore, the contribution of this food-use to the mean all-user intake of theobromine was not 
as important as the contribution of powdered fruit-flavored drinks with an intake of 
135 mg/person/day in 1,704 users (10.2% of the population). 

The consumption of vitamin, enhanced, and bottled waters made the greatest contribution to the 
mean and 90th percentile all-user intakes of theobromine at 126 and 281 mg/person/day, 
respectively, equivalent to 1.85 and 3.91 3.83 mg/kg body weight/day, respectively.  Of the 
other proposed food-uses, the consumption of bread, ready-to-eat cereals, and powdered 
fruit-flavored drinks also made significant contributions to the estimates for the mean (27, 36, 
and 135 mg/person/day, respectively) and 90th percentile (54, 69, and 291 mg/person/day, 
respectively) all-user intake of theobromine by the total population.  On a body weight basis, 
these intakes were equivalent to 0.47, 0.72, and 2.53 mg/kg body weight/day at the mean and 
0.94, 1.50 and 5.13 mg/kg body weight/day at the 90th percentile. 

Within the individual population groups, the consumption of instant and regular oatmeal and 
ready-to-eat cereals made the most significant contribution to the estimates for the mean intake 
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of theobromine in infants and children, respectively.  At the 90th percentile, the consumption of 
instant and regular oatmeal and powdered fruit-flavored drinks made the most significant 
contribution to the all-user intake in infants and children, respectively.  The consumption of 
vitamin, enhanced, and bottled waters was observed to make the most significant contribution to 
the mean and 90th percentile all-user intake of theobromine in male and female teenagers and 
adults.  Female adults consuming vitamin, enhanced, and bottled waters made the largest 
contribution to the estimates for the mean and 90th all-user intake of theobromine with values of 
142 and 311 mg/person/day, respectively.  On a per kilogram body weight basis, infants 
consuming instant and regular hot oatmeal experienced the highest statistically reliable mean 
and 90th percentile all-user intakes of theobromine at 7.14 and14.06 mg/kg body weight/day, 
respectively. 

The estimated intakes of theobromine were considered statistically unreliable if the CV was 
equal to or greater than 30% or the sample size was less than 30 individuals.  Soy milk, yogurt 
drinks, fruit smoothies, and meal replacement beverages (milk based and non-milk based) were 
food categories in which the intakes were statistically unreliable in the infant, children, and 
female and male teenager population groups.  Assessing the sample size for all-user intake 
estimates found the intake for chewing gum to be statistically unreliable in infants.  Gelatins also 
had a low number of users in children and male and female teenagers resulting in higher CV 
values. 

5.0 CONCLUSIONS 

Consumption data and information pertaining to the individual proposed food-uses of 
theobromine were used to estimate the all-person and all-user intakes of theobromine for 
specific demographic groups and for the total U.S. population.  This type of intake methodology 
is generally considered to be “worst case” as a result of several conservative assumptions made 
in the consumption estimates.  For example, it is often assumed that all food products within a 
food category contain the ingredient at the maximum specified level of use.  In addition, it is well 
established that the length of a dietary survey affects the estimated consumption of individual 
users.  Short-term surveys, such as the typical 2- or 3-day dietary surveys, overestimate the 
consumption of food products that are consumed relatively infrequently. 

In summary, on an all-user basis, the mean intake of theobromine by the total U.S. population 
from all proposed food-uses was estimated to be 150 mg/person/day or 2.7 mg/kg body 
weight/day.  The heavy consumer (90th percentile) all-user intake of theobromine by the total 
U.S. population from all proposed food-uses was estimated to be 319 mg/person/day or 
5.8 mg/kg body weight/day.    
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Table A-1 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Infants (Aged 0 to 2 Years) 
Within the United States (2003-2004, 2005-2006 NHANES Data) 

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Baked Goods and Baking Mixes       

Bread 39.9 765 6 21 13 26 

Breakfast Cereals       

Instant and Regular Oatmeal 9.2 176 8 na 83 144 

Ready-to-Eat Cereals 42.0 803 8 23 15 30 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.7 70 1 na 34 84 

Meal Replacement Beverages, Non Milk-Based 0.3 5 <1* na 44* 69* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 18.7 358 5 15 33 75 

Chewing Gum       

Chewing Gum 1.1 21 <0.1* na 6* 14* 

Coffee and Tea       

Tea 2.5 47 <0.1 na 7 19 

Dairy Product Analogs       

Soy Milk 1.0 20 1* na 55* 125* 

Gelatins, Puddings, and Custard       

Gelatin 3.1 59 1 na 24 56 

Hard Candy       

Mints 9.2 176 2 na 18 53 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.1 2 <1* na 11* 13* 

Yogurt (fresh) 14.7 281 5 18 23 41 

Yogurt Drinks 0.6 12 <1* na 18* 52* 

Processed Fruits and Fruit Juices       
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Table A-1 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Infants (Aged 0 to 2 Years) 
Within the United States (2003-2004, 2005-2006 NHANES Data) 

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Powdered Fruit-Flavored Drinks 7.7 148 5 na 61 121 

Fruit Smoothies 0.9 19 1* na 136* 338* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3).  
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Table A-2 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Children (Aged 3 to 11 Years) 
Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Baked Goods and Baking Mixes       

Bread 70.8 1,934 17 42 24 46 

Breakfast Cereals       

Instant and Regular Oatmeal 6.8 186 7 na 103 172 

Ready-to-Eat Cereals 67.8 1,851 21 50 31 58 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.7 102 1 na 30 44 

Meal Replacement Beverages, Non Milk-Based 0.3 7 <0.1* na 33* 49* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 21.8 598 11 39 54 116 

Chewing Gum       

Chewing Gum 6.7 182 1 na 10 19 

Coffee and Tea       

Tea 6.1 166 1 na 15 25 

Dairy Product Analogs       

Soy Milk 1.0 26 1* na 35* 78* 

Gelatins, Puddings, and Custard       

Gelatin 4.6 126 1 na 32 56 

Hard Candy       

Mints 17.6 479 5 18 27 58 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.4 10 <0.1* na 35* 60* 

Yogurt (fresh) 13.5 368 4 17 26 50 

Yogurt Drinks 0.8 23 <0.1* na 17* 28* 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 17.7 482 16 49 103 239 
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Table A-2 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Children (Aged 3 to 11 Years) 
Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Fruit Smoothies 1.0 28 1* na 100* 129* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table A-3 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Female Teenagers (Aged 12 
to 19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Baked Goods and Baking Mixes       

Bread 64.2 1,277 19 47 28 55 

Breakfast Cereals       

Instant and Regular Oatmeal 2.5 50 3 na 109 219 

Ready-to-Eat Cereals 42.8 849 16 48 36 64 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.4 68 1 na 28 41 

Meal Replacement Beverages, Non Milk-Based 0.3 5 <0.1* na 19* 85* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 26.4 526 26 99 105 222 

Chewing Gum       

Chewing Gum 9.1 181 1 na 13 37 

Coffee and Tea       

Tea 12.2 242 2 10 21 42 

Dairy Product Analogs       

Soy Milk 0.7 14 <0.1* na 53* 97* 

Gelatins, Puddings, and Custard       

Gelatin 1.6 31 <0.1* na 25* 51* 

Hard Candy       

Mints 12.3 245 2 3 21 52 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.7 13 1* na 63* 85* 

Yogurt (fresh) 6.7 132 2 na 33 58 

Yogurt Drinks 1.2 23 <0.1* na 26* 50* 
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Table A-3 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Female Teenagers (Aged 12 
to 19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 13.5 268 12 30 106 212 

Fruit Smoothies 1.7 34 2* na 185* 326* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table A-4 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Male Teenagers (Aged 12 to 
19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Baked Goods and Baking Mixes       

Bread 68.7 1,332 21 49 31 56 

Breakfast Cereals       

Instant and Regular Oatmeal 2.0 38 2 na 116 190 

Ready-to-Eat Cereals 44.8 868 21 66 48 89 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 7.1 137 5 na 48 90 

Meal Replacement Beverages, Non Milk-Based 0.7 13 <0.1* na 28* 44* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 21.5 419 22 62 105 247 

Chewing Gum       

Chewing Gum 7.2 139 1 na 12 28 

Coffee and Tea       

Tea 12.2 236 4 15 29 50 

Dairy Product Analogs       

Soy Milk 0.5 9 <0.1* na 33* 50* 

Gelatins, Puddings, and Custard       

Gelatin 1.4 28 1* na 45* 90* 

Hard Candy       

Mints 9.2 179 2 na 24 53 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.6 11 <0.1* na 50* 70* 

Yogurt (fresh) 3.6 70 2 na 40 74 

Yogurt Drinks 0.7 14 <0.1* na 32* 48* 
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Table A-4 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Male Teenagers (Aged 12 to 
19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 13.0 253 21 64 162 305 

Fruit Smoothies 1.1 22 2* na 215* 279* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table A-5 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Female Adults (Aged 20 Years 
and Over) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Baked Goods and Baking Mixes       

Bread 72.9 3,123 18 42 24 46 

Breakfast Cereals       

Instant and Regular Oatmeal 12.9 553 13 39 123 219 

Ready-to-Eat Cereals 34.7 1,485 11 39 33 61 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 1.1 49 1 na 45 111 

Meal Replacement Beverages, Non Milk-Based 1.2 54 0 na 33 73 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 24.6 1,059 35 138 142 311 

Chewing Gum       

Chewing Gum 4.1 175 1 na 17 28 

Coffee and Tea       

Tea 13.0 557 4 15 31 64 

Dairy Product Analogs       

Soy Milk 2.7 115 1 na 30 70 

Gelatins, Puddings, and Custard       

Gelatin 3.6 155 1 na 31 66 

Hard Candy       

Mints 6.9 292 2 na 22 45 

Milk Products       

Meal Replacement Beverages, Milk-Based 2.1 93 2 na 64 107 

Yogurt (fresh) 10.9 469 4 17 31 52 

Yogurt Drinks 1.3 57 1 na 27 52 
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Table A-5 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Female Adults (Aged 20 Years 
and Over) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 6.9 294 10 na 139 316 

Fruit Smoothies 1.9 79 2 na 152 270 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table A-6 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Male Adults (Aged 20 Years 
and Over) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Baked Goods and Baking Mixes       

Bread 74.6 2,868 26 59 34 63 

Breakfast Cereals       

Instant and Regular Oatmeal 9.3 360 12 na 159 314 

Ready-to-Eat Cereals 31.2 1,199 15 54 46 87 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 4.2 160 2 na 45 99 

Meal Replacement Beverages, Non Milk-Based 1.8 68 1 na 51 117 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 20.9 805 32 119 145 316 

Chewing Gum       

Chewing Gum 3.3 126 <1 na 12 28 

Coffee and Tea       

Tea 13.3 509 5 19 40 85 

Dairy Product Analogs       

Soy Milk 1.6 61 1 na 33 72 

Gelatins, Puddings, and Custard       

Gelatin 2.6 104 1 na 39 76 

Hard Candy       

Mints 5.5 210 1 na 23 53 

Milk Products       

Meal Replacement Beverages, Milk-Based 1.6 62 2 na 88 200 

Yogurt (fresh) 5.4 206 2 na 32 59 

Yogurt Drinks 0.9 35 1 na 39 93 
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Table A-6 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by Male Adults (Aged 20 Years 
and Over) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 6.8 259 11 na 172 370 

Fruit Smoothies 1.4 54 3 na 280 630 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table A-7 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by the Total Population (All 
Ages) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Baked Goods and Baking Mixes       

Bread 67.6 11,299 20 47 28 54 

Breakfast Cereals       

Instant and Regular Oatmeal 8.1 1,363 11 na 130 234 

Ready-to-Eat Cereals 42.3 7,055 15 48 36 70 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.5 586 1 na 41 88 

Meal Replacement Beverages, Non Milk-Based 0.9 152 1 na 41 103 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 22.5 3,765 28 105 126 281 

Chewing Gum       

Chewing Gum 5.0 824 1 na 14 27 

Coffee and Tea       

Tea 10.5 1,757 4 13 33 67 

Dairy Product Analogs       

Soy Milk 1.5 245 1 na 33 77 

Gelatins, Puddings, and Custard       

Gelatin 3.0 503 1 na 34 64 

Hard Candy       

Mints 9.5 1,581 2 na 24 53 

Milk Products       

Meal Replacement Beverages, Milk-Based 1.1 191 1 na 72 113 

Yogurt (fresh) 9.1 1,526 3 na 30 54 

Yogurt Drinks 1.0 164 <1 na 30 52 
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Table A-7 Estimated Daily Intake of Theobromine from Individual Proposed Food-Uses by the Total Population (All 
Ages) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg) All-User Consumption (mg) 
Food-Use Category % Users Actual # of 

Total Users Mean 90th Percentile Mean 90th Percentile 
Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 10.2 1,704 12 na 135 291 

Fruit Smoothies 1.4 236 2 na 192 338 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table B-1 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Infants (Aged 0 to 2 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Baked Goods and Baking Mixes       

Bread 39.9 765 0.53 1.57 1.03 2.12 

Breakfast Cereals       

Instant and Regular Oatmeal 9.2 176 0.67 na 7.14 14.06 

Ready-to-Eat Cereals 42.0 803 0.64 1.90 1.23 2.49 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.7 70 0.11 na 3.10 8.16 

Meal Replacement Beverages, Non Milk-Based 0.3 5 0.01* na 3.23* 5.79* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 18.7 358 0.44 1.26 2.77 5.81 

Chewing Gum       

Chewing Gum 1.1 21 0.01* na 0.47* 1.01* 

Coffee and Tea       

Tea 2.5 47 0.02 na 0.61 1.51 

Dairy Product Analogs       

Soy Milk 1.0 20 0.07* na 4.65* 11.59* 

Gelatins, Puddings, and Custard       

Gelatin 3.1 59 0.07 na 2.02 4.37 

Hard Candy       

Mints 9.2 176 0.14 na 1.44 3.96 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.1 2 <0.01* na 0.81* 1.07* 

Yogurt (fresh) 14.7 281 0.40 1.59 1.94 3.36 

Yogurt Drinks 0.6 12 0.02* na 1.51* 4.71* 
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Table B-1 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Infants (Aged 0 to 2 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 7.7 148 0.42 na 4.98 12.55 

Fruit Smoothies 0.9 19 0.09* na 11.35* 30.71* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3).  
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Table B-2 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Children (Aged 3 to 11 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Baked Goods and Baking Mixes       

Bread 70.8 1,934 0.65 1.62 0.90 1.84 

Breakfast Cereals       

Instant and Regular Oatmeal 6.8 186 0.29 na 4.34 7.91 

Ready-to-Eat Cereals 67.8 1,851 0.82 1.96 1.20 2.28 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.7 102 0.04 na 0.90 2.07 

Meal Replacement Beverages, Non Milk-Based 0.3 7 <0.01* na 2.33* 4.10* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 21.8 598 0.40 1.39 2.03 4.25 

Chewing Gum       

Chewing Gum 6.7 182 0.03 na 0.37 0.72 

Coffee and Tea       

Tea 6.1 166 0.03 na 0.50 0.79 

Dairy Product Analogs       

Soy Milk 1.0 26 0.02* na 1.51* 3.16* 

Gelatins, Puddings, and Custard       

Gelatin 4.6 126 0.06 na 1.36 2.71 

Hard Candy       

Mints 17.6 479 0.19 0.64 1.02 2.33 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.4 10 <0.01* na 1.17* 2.05* 

Yogurt (fresh) 13.5 368 0.17 0.64 1.16 2.08 

Yogurt Drinks 0.8 23 0.01* na 0.64* 0.99* 
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Table B-2 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Children (Aged 3 to 11 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 17.7 482 0.62 1.84 3.98 7.44 

Fruit Smoothies 1.0 28 0.03* na 3.54* 4.63* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table B-3 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Female Teenagers (Aged 12 to 19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg 
bw) All-User Consumption (mg/kg bw) Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Baked Goods and Baking Mixes       

Bread 64.2 1,277 0.32 0.81 0.48 0.95 

Breakfast Cereals       

Instant and Regular Oatmeal 2.5 50 0.05 na 1.81 4.32 

Ready-to-Eat Cereals 42.8 849 0.29 0.79 0.64 1.29 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.4 68 0.02 na 0.51 0.84 

Meal Replacement Beverages, Non Milk-Based 0.3 5 <0.01* na 0.38* 1.71* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 26.4 526 0.41 1.49 1.67 3.62 

Chewing Gum       

Chewing Gum 9.1 181 0.02 na 0.21 0.54 

Coffee and Tea       

Tea 12.2 242 0.04 0.14 0.35 0.68 

Dairy Product Analogs       

Soy Milk 0.7 14 0.01* na 0.93* 1.53* 

Gelatins, Puddings, and Custard       

Gelatin 1.6 31 0.01* na 0.45* 1.06* 

Hard Candy       

Mints 12.3 245 0.04 0.05 0.37 0.93 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.7 13 0.01* na 1.00* 1.34* 

Yogurt (fresh) 6.7 132 0.04 na 0.56 1.08 

Yogurt Drinks 1.2 23 0.01 na 0.45 0.68 
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Table B-3 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Female Teenagers (Aged 12 to 19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg 
bw) All-User Consumption (mg/kg bw) Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 13.5 268 0.20 0.53 1.71 3.63 

Fruit Smoothies 1.7 34 0.03* na 3.19* 5.41* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table B-4 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Male Teenagers (Aged 12 to 19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Baked Goods and Baking Mixes       

Bread 68.7 1,332 0.33 0.81 0.47 0.92 

Breakfast Cereals       

Instant and Regular Oatmeal 2.0 38 0.04 na 2.11 4.26 

Ready-to-Eat Cereals 44.8 868 0.35 1.08 0.80 1.48 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 7.1 137 0.07 na 0.76 1.59 

Meal Replacement Beverages, Non Milk-Based 0.7 13 <0.01* na 0.46* 0.72* 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 21.5 419 0.33 0.95 1.58 3.79 

Chewing Gum       

Chewing Gum 7.2 139 0.01 na 0.20 0.47 

Coffee and Tea       

Tea 12.2 236 0.05 0.23 0.43 0.77 

Dairy Product Analogs       

Soy Milk 0.5 9 <0.01* na 0.54* 0.83* 

Gelatins, Puddings, and Custard       

Gelatin 1.4 28 0.01* na 0.76* 1.40* 

Hard Candy       

Mints 9.2 179 0.04 na 0.42 0.83 

Milk Products       

Meal Replacement Beverages, Milk-Based 0.6 11 <0.01* na 0.86* 1.54* 

Yogurt (fresh) 3.6 70 0.04 na 0.72 1.26 

Yogurt Drinks 1.1 22 0.01* na 0.51* 0.99* 
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Table B-4 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Male Teenagers (Aged 12 to 19 Years) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 13.0 253 0.30 0.94 2.32 3.86 

Fruit Smoothies 0.7 14 0.03* na 3.52* 5.92* 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table B-5 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Female Adults (Aged 20 Years and Over) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Baked Goods and Baking Mixes       

Bread 72.9 3,123 0.25 0.59 0.34 0.65 

Breakfast Cereals       

Instant and Regular Oatmeal 12.9 553 0.18 0.51 1.74 3.26 

Ready-to-Eat Cereals 34.7 1,485 0.16 0.54 0.47 0.90 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 1.1 49 0.01 na 0.67 1.34 

Meal Replacement Beverages, Non Milk-Based 1.2 54 0.01 na 0.47 1.19 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 24.6 1,059 0.48 1.89 1.97 3.97 

Chewing Gum       

Chewing Gum 4.1 175 0.01 na 0.27 0.40 

Coffee and Tea       

Tea 13.0 557 0.06 0.21 0.42 0.80 

Dairy Product Analogs       

Soy Milk 2.7 115 0.01 na 0.47 1.00 

Gelatins, Puddings, and Custard       

Gelatin 3.6 155 0.01 na 0.44 0.96 

Hard Candy       

Mints 6.9 292 0.02 na 0.33 0.69 

Milk Products       

Meal Replacement Beverages, Milk-Based 2.1 93 0.02 na 0.90 2.00 

Yogurt (fresh) 10.9 469 0.05 0.19 0.44 0.79 

Yogurt Drinks 1.9 79 0.01 na 0.38 0.74 
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Table B-5 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Female Adults (Aged 20 Years and Over) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 6.9 294 0.15 na 1.93 4.53 

Fruit Smoothies 1.3 57 0.03 na 2.22 4.35 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table B-6 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Male Adults (Aged 20 Years and Over) Within the United States (2003-2004, 2005-2006 NHANES Data) 

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Baked Goods and Baking Mixes       

Bread 74.6 2,868 0.31 0.69 0.41 0.78 

Breakfast Cereals       

Instant and Regular Oatmeal 9.3 360 0.14 na 1.91 3.63 

Ready-to-Eat Cereals 31.2 1,199 0.18 0.66 0.55 1.10 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 4.2 160 0.02 na 0.54 1.16 

Meal Replacement Beverages, Non Milk-Based 1.8 68 0.01 na 0.65 1.73 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 20.9 805 0.36 1.36 1.65 3.50 

Chewing Gum       

Chewing Gum 3.3 126 0.01 na 0.14 0.31 

Coffee and Tea       

Tea 13.3 509 0.06 0.21 0.44 0.92 

Dairy Product Analogs       

Soy Milk 1.6 61 0.01 na 0.43 0.83 

Gelatins, Puddings, and Custard       

Gelatin 2.6 104 0.01 na 0.45 0.86 

Hard Candy       

Mints 5.5 210 0.01 na 0.28 0.61 

Milk Products       

Meal Replacement Beverages, Milk-Based 1.6 62 0.02 na 1.10 1.49 

Yogurt (fresh) 5.4 206 0.02 na 0.38 0.72 

Yogurt Drinks 1.4 54 0.01 na 0.49 1.12 
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Table B-6 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by 
Male Adults (Aged 20 Years and Over) Within the United States (2003-2004, 2005-2006 NHANES Data) 

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 6.8 259 0.12 na 1.94 3.85 

Fruit Smoothies 0.9 35 0.04 na 3.55 8.43 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Table B-7 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by the 
Total Population (All Ages) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Baked Goods and Baking Mixes       

Bread 67.6 11,299 0.34 0.80 0.47 0.94 

Breakfast Cereals       

Instant and Regular Oatmeal 8.1 1,363 0.19 na 2.34 4.52 

Ready-to-Eat Cereals 42.3 7,055 0.29 0.89 0.72 1.50 

Beverages and Beverage Bases       

Sports, Isotonic Drinks 3.5 586 0.03 na 0.77 1.63 

Meal Replacement Beverages, Non Milk-Based 0.9 152 0.01 na 0.61 1.42 

Bottled Water       

Vitamin, Enhanced, and Bottled waters 22.5 3,765 0.41 1.57 1.85 3.91 

Chewing Gum       

Chewing Gum 5.0 824 0.01 na 0.24 0.51 

Coffee and Tea       

Tea 10.5 1,757 0.05 0.18 0.43 0.82 

Dairy Product Analogs       

Soy Milk 1.5 245 0.01 na 0.69 1.26 

Gelatins, Puddings, and Custard       

Gelatin 3.0 503 0.02 na 0.71 1.45 

Hard Candy       

Mints 9.5 1,581 0.05 na 0.58 1.33 

Milk Products       

Meal Replacement Beverages, Milk-Based 1.1 191 0.02 na 0.98 2.00 

Yogurt (fresh) 9.1 1,526 0.07 na 0.71 1.41 

Yogurt Drinks 1.4 236 0.01 na 0.48 0.95 
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Table B-7 Estimated Daily per Kilogram Body Weight Intake of Theobromine from Individual Proposed Food-Uses by the 
Total Population (All Ages) Within the United States (2003-2004, 2005-2006 NHANES Data)  

All-Person Consumption (mg/kg bw) All-User Consumption (mg/kg bw) 
Food-Use Category % Users 

Actual # 
of Total 
Users Mean 90th Percentile Mean 90th Percentile 

Processed Fruits and Fruit Juices       

Powdered Fruit-Flavored Drinks 10.2 1,704 0.22 na 2.53 5.13 

Fruit Smoothies 1.0 164 0.04 na 3.13 5.77 

na = not available 
*Indicates an intake estimate that may not be statistically reliable, as the CV of the mean is equal to or greater than 30% (see Section 2.3). 
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Representative NHANES 2003-2004, 2005-2006 Food Codes for All Proposed Food-Uses 
of Theobromine in the United States  

 
Baked Goods and Baking Mixes 
 
Bread 
[Theobromine] = 0.060% 
 
51000100 Bread, NS as to major flour 
51000110 Toast, NS as to major flour 
51101000 Bread, white 
51101010 Bread, white, toasted 
51102010 Bread, white with whole wheat swirl 
51102020 Bread, white with whole wheat swirl, toasted 
51105010 Bread, Cuban 
51105040 Bread, Cuban, toasted 
51106010 Bread, Native, Puerto Rican style (Pan Criollo) 
51106020 Bread, Native, Puerto Rican style, toasted (Pan Criollo) 
51106100 Bread, Native water, Puerto Rican style (Pan de agua) 
51106200 Bread, lard, Puerto Rican style (Pan de manteca) 
51106210 Bread, lard, Puerto Rican style, toasted (Pan de manteca) 
51106300 Bread, caressed, Puerto Rican style (Pan sobao) 
51106310 Bread, caressed, Puerto Rican style, toasted (Pan sobao) 
51107010 Bread, French or Vienna 
51107040 Bread, French or Vienna, toasted 
51108010 Focaccia, Italian flatbread, plain 
51108100 Naan, Indian flatbread 
51109010 Bread, Italian, Grecian, Armenian 
51109040 Bread, Italian, Grecian, Armenian, toasted 
51109100 Bread, pita 
51109110 Bread, pita, toasted 
51109150 Bread, pita with fruit 
51109200 Bread, pita with fruit, toasted 
51110010 Bread, batter 
51111010 Bread, cheese 
51111040 Bread, cheese, toasted 
51113010 Bread, cinnamon 
51113100 Bread, cinnamon, toasted 
51115010 Bread, cornmeal and molasses 
51115020 Bread, cornmeal and molasses, toasted 
51119010 Bread, egg, Challah 
51119040 Bread, egg, Challah, toasted 
51119100 Bread, lowfat, 98% fat free 
51119110 Bread, lowfat, 98% fat free, toasted 
51121010 Bread, garlic 
51121040 Bread, garlic, toasted 
51121110 Bread, onion 
51122000 Bread, reduced calorie and/or high fiber, white or NFS 
51122010 Bread, reduced calorie and/or high fiber, white or NFS, toasted 
51122050 Bread, reduced calorie and/or high fiber, Italian 
51122060 Bread, reduced calorie and/or high fiber, Italian, toasted 
51122100 Bread, reduced calorie and/or high fiber, white or NFS, with fruit and/or nuts 
51122110 Bread, reduced calorie and/or high fiber, white or NFS, with fruit and/or nuts, toasted 
51122300 Bread, white, special formula, added fiber 
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51122310 Bread, white, special formula, added fiber, toasted 
51123010 Bread, high protein 
51123020 Bread, high protein, toasted 
51126010 Bread, milk and honey 
51126020 Bread, milk and honey, toasted 
51127010 Bread, potato 
51127020 Bread, potato, toasted 
51129010 Bread, raisin 
51129020 Bread, raisin, toasted 
51130510 Bread, white, low sodium or no salt 
51130520 Bread, white, low sodium or no salt, toasted 
51133010 Bread, sour dough 
51133020 Bread, sour dough, toasted 
51134000 Bread, sweetpotato 
51135000 Bread, vegetable 
51135010 Bread, vegetable, toasted 
51140100 Bread, dough, fried 
51201010 Bread, whole wheat, 100% 
51201020 Bread, whole wheat, 100%, toasted 
51201110 Bread, whole wheat, 100%, with raisins 
51201120 Bread, whole wheat, 100%, with raisins, toasted 
51201150 Bread, pita, whole wheat, 100% 
51201160 Bread, pita, whole wheat, 100%, toasted 
51204010 Bread, wheat germ 
51204020 Bread, wheat germ, toasted 
51207010 Bread, sprouted wheat 
51207020 Bread, sprouted wheat, toasted 
51300110 Bread, whole wheat, other than 100% or NS as to 100% 
51300120 Bread, whole wheat, other than 100% or NS as to 100%, toasted 
51300180 Bread, puri or poori (Indian puffed bread), whole wheat, other than 100% or NS as to 

100%, filled wi 
51300210 Bread, whole wheat, NS as to 100%, with raisins 
51300220 Bread, whole wheat, NS as to 100%, with raisins, toasted 
51301010 Bread, wheat or cracked wheat 
51301020 Bread, wheat or cracked wheat, toasted 
51301120 Bread, wheat or cracked wheat, with raisins 
51301130 Bread, wheat or cracked wheat, with raisins, toasted 
51301510 Bread, wheat or cracked wheat, reduced calorie and/or high fiber 
51301520 Bread, wheat or cracked wheat, reduced calorie and/or high fiber, toasted 
51301600 Bread, pita, whole wheat, other than 100% or NS as to 100% 
51301610 Bread, pita, whole wheat, other than 100% or NS as to 100%, toasted 
51301620 Bread, pita, wheat or cracked wheat 
51301630 Bread, pita, wheat or cracked wheat, toasted 
51302010 Bread, wheat bran 
51302020 Bread, wheat bran, toasted 
51302050 Bread, wheat bran, with raisins 
51302060 Bread, wheat bran, with raisins, toasted 
51401010 Bread, rye 
51401020 Bread, rye, toasted 
51401030 Bread, marble rye and pumpernickel 
51401040 Bread, marble rye and pumpernickel, toasted 
51401060 Bread, rye, reduced calorie and/or high fiber 
51401070 Bread, rye, reduced calorie and/or high fiber, toasted 
51404010 Bread, pumpernickel 
51404020 Bread, pumpernickel, toasted 
51407010 Bread, black 
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51407020 Bread, black, toasted 
51501010 Bread, oatmeal 
51501020 Bread, oatmeal, toasted 
51501040 Bread, oat bran 
51501050 Bread, oat bran, toasted 
51501060 Bread, oat bran, reduced calorie and/or high fiber 
51501070 Bread, oat bran, reduced calorie and/or high fiber, toasted 
51601010 Bread, multigrain, toasted 
51601020 Bread, multigrain 
51601210 Bread, multigrain, with raisins 
51601220 Bread, multigrain, with raisins, toasted 
51602010 Bread, multigrain, reduced calorie and/or high fiber 
51602020 Bread, multigrain, reduced calorie and/or high fiber, toasted 
51801010 Bread, barley 
51802010 Bread, triticale 
51802020 Bread, triticale, toasted 
51803010 Bread, buckwheat 
51803020 Bread, buckwheat, toasted 
51804010 Bread, soy 
51804020 Bread, soy, toasted 
51805010 Bread, sunflower meal 
51805020 Bread, sunflower meal, toasted 
51806010 Bread, rice 
51806020 Bread, rice, toasted 
51807000 Injera (American-style Ethiopian bread) 
51808000 Bread, low gluten 
51808010 Bread, low gluten, toasted 
 
Mixtures containing bread 
(adjusted for a bread content of 46 to 68%) 
[Theobromine] = 0.0026 to 0.014% 
 
14640000 Cheese sandwich 
14640100 Cheese sandwich, grilled 
14640300 Cheese spread sandwich 
27500050 Sandwich, NFS 
27500100 Meat sandwich, NFS 
27510210 Cheeseburger, plain, on bun 
27510500 Hamburger, plain, on bun 
27510590 Hamburger, with mayonnaise or salad dressing, on bun 
27510600 Hamburger, 1 oz meat, plain, on miniature bun 
27515150 Steak patty (breaded, fried) sandwich, with mayonnaise or salad dressing, lettuce, and 

tomato, on bu 
27520110 Bacon sandwich, with spread 
27520520 Pork sandwich 
27540110 Chicken sandwich, with spread 
27540170 Chicken patty sandwich, miniature, with spread 
27560000 Luncheon meat sandwich, NFS, with spread 
27560110 Bologna sandwich, with spread 
27560120 Bologna and cheese sandwich, with spread 
27560410 Puerto Rican sandwich (Sandwich criollo) 
27560510 Salami sandwich, with spread 
27560710 Sausage sandwich 
27563010 Meat spread or potted meat sandwich 
27570310 Hors d'oeuvres, with spread 
32201000 Fried egg sandwich 
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32204010 Scrambled egg sandwich 
42301010 Peanut butter sandwich 
42302010 Peanut butter and jelly sandwich 
 
Mixtures containing bread 
(adjusted for a bread content of 35 to 45%) 
[Theobromine] = 0.021 to 0.027% 
 
14640200 Cheese sandwich, hoagie 
27510000 Beef sandwich, NFS 
27510130 Beef barbecue submarine sandwich, on bun 
27510220 Cheeseburger, with mayonnaise or salad dressing, on bun 
27510240 Cheeseburger, 1/4 lb meat, plain, on bun 
27510270 Double cheeseburger (2 patties), plain, on bun 
27510290 Double cheeseburger (2 patties), plain, on double-decker bun 
27510310 Cheeseburger with tomato and/or catsup, on bun 
27510311 Cheeseburger, 1 oz meat, plain, on miniature bun 
27510420 Taco burger, on bun 
27510510 Hamburger, with tomato and/or catsup, on bun 
27510520 Hamburger, with mayonnaise or salad dressing and tomatoes, on bun 
27510530 Hamburger, 1/4 lb meat, plain, on bun 
27510610 Hamburger, 1 oz meat, with tomato and/or catsup, on miniature bun 
27510650 Double hamburger (2 patties), plain, on bun 
27510720 Pizzaburger (hamburger, cheese, sauce) on whole bun 
27510910 Corned beef sandwich 
27511010 Pastrami sandwich 
27513010 Roast beef sandwich 
27513060 Roast beef sandwich with bacon and cheese sauce 
27520120 Bacon and cheese sandwich, with spread 
27520130 Bacon, chicken, and tomato club sandwich, with lettuce and spread 
27520300 Ham sandwich, with spread 
27520310 Ham sandwich with lettuce and spread 
27520330 Ham and egg sandwich 
27520340 Ham salad sandwich 
27520410 Cuban sandwich, (Sandwich cubano), with spread 
27520420 Midnight sandwich, (Media noche), with spread 
27540120 Chicken salad or chicken spread sandwich 
27540130 Chicken barbecue sandwich 
27540190 Chicken patty sandwich, with lettuce and spread 
27540240 Chicken fillet, (broiled), sandwich, on whole wheat roll, with lettuce, tomato and spread 
27540310 Turkey sandwich, with spread 
27540320 Turkey salad or turkey spread sandwich 
27550100 Fish sandwich, on bun, with cheese and spread 
27560320 Frankfurter or hot dog, plain, on bun 
27560340 Frankfurter or hot dog, with catsup and/or mustard, on bun 
27560400 Chicken frankfurter or hot dog, plain, on bun 
27560670 Sausage and cheese on English muffin 
42303010 Peanut butter and banana sandwich 
54304100 Cracker, cheese, reduced fat 
58128220 Dressing with chicken or turkey and vegetables 
58128250 Dressing with meat and vegetables 
74701000 Tomato sandwich 
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Mixtures containing bread 
(adjusted for a bread content of 25 to 25%) 
[Theobromine] = 0.015 to 0.021% 
 
13210150 Puerto Rican bread pudding made with evaporated milk and rum (Budin de pan) 
21420100 Beef, sandwich steak (flaked, formed, thinly sliced) 
27250450 Shrimp toast, fried 
27510110 Beef barbecue or Sloppy Joe, on bun 
27510230 Cheeseburger, with mayonnaise or salad dressing and tomatoes, on bun 
27510250 Cheeseburger, 1/4 lb meat, with mayonnaise or salad dressing, on bun 
27510260 Cheeseburger, 1/4 lb meat, with mushrooms in sauce, on bun 
27510280 Double cheeseburger (2 patties), with mayonnaise or salad dressing, on bun 
27510300 Double cheeseburger (2 patties), with mayonnaise or salad dressing, on double-decker 

bun 
27510320 Cheeseburger, 1/4 lb meat, with tomato and/or catsup, on bun 
27510330 Double cheeseburger (2 patties), with tomato and/or catsup, on bun 
27510340 Double cheeseburger (2 patties), with mayonnaise or salad dressing and tomatoes, on 

bun 
27510350 Cheeseburger, 1/4 lb meat, with mayonnaise or salad dressing and tomatoes, on bun 
27510360 Cheeseburger with mayonnaise or salad dressing, tomato and bacon, on bun 
27510400 Bacon cheeseburger, 1/4 lb meat, with tomato and/or catsup, on bun 
27510410 Chiliburger, on bun 
27510440 Bacon cheeseburger, 1/4 lb meat, with mayonnaise or salad dressing and tomatoes, on 

bun 
27510450 Cheeseburger, 1/4 lb meat, with ham, on bun 
27510480 Cheeseburger (hamburger with cheese sauce), 1/4 lb meat, with grilled onions, on rye 

bun 
27510540 Double hamburger (2 patties), with tomato and/or catsup, on bun 
27510550 Double hamburger (2 patties), with mayonnaise or salad dressing and tomatoes, on 

double-decker bun 
27510560 Hamburger, 1/4 lb meat, with mayonnaise or salad dressing and tomatoes, on bun 
27510570 Hamburger, 2-1/2 oz meat, with mayonnaise or salad dressing and tomatoes, on bun 
27510620 Hamburger, 1/4 lb meat, with tomato and/or catsup, on bun 
27510630 Hamburger, 1/4 lb meat, with mayonnaise or salad dressing, on bun 
27510660 Double hamburger (2 patties), with mayonnaise or salad dressing, on bun 
27510670 Double hamburger (2 patties), with mayonnaise or salad dressing and tomatoes, on bun 
27510680 Double hamburger (2 patties, 1/4 lb meat each), with tomato and/or catsup, on bun 
27510950 Reuben sandwich (corned beef sandwich with sauerkraut and cheese), with spread 
27513040 Roast beef submarine sandwich, on roll, with lettuce, tomato and spread 
27513050 Roast beef sandwich with cheese 
27516010 Gyro sandwich (pita bread, beef, lamb, onion, condiments), with tomato and spread 
27520140 Bacon and egg sandwich 
27520150 Bacon, lettuce, and tomato sandwich with spread 
27520160 Bacon, chicken, and tomato club sandwich, on multigrain roll with lettuce and spread 
27520320 Ham and cheese sandwich, with lettuce and spread 
27520350 Ham and cheese sandwich, with spread, grilled 
27520360 Ham and cheese sandwich, on bun, with lettuce and spread 
27520370 Hot ham and cheese sandwich, on bun 
27520510 Pork barbecue or Sloppy Joe, on bun 
27520530 Pork sandwich, with gravy 
27520540 Ham and tomato club sandwich, with lettuce and spread 
27540140 Chicken fillet (breaded, fried) sandwich 
27540150 Chicken fillet (breaded, fried) sandwich with lettuce, tomato and spread 
27540230 Chicken patty sandwich with cheese, on wheat bun, with lettuce, tomato and spread 
27540250 Chicken fillet, broiled, sandwich with cheese, on whole wheat roll, with lettuce, tomato 

and non-may 
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27540260 Chicken fillet, broiled, sandwich, on oat bran bun, with lettuce, tomato, spread 
27540270 Chicken fillet, broiled, sandwich, with lettuce, tomato, and non-mayonnaise type spread 
27540280 Chicken fillet, broiled, sandwich with cheese, on bun, with lettuce, tomato and spread 
27540350 Turkey submarine sandwich, on roll, with cheese, lettuce, tomato and spread 
27550510 Sardine sandwich, with lettuce and spread 
27550710 Tuna salad sandwich, with lettuce 
27550720 Tuna salad sandwich 
27550730 Tuna melt sandwich 
27560330 Frankfurter or hot dog, with cheese, plain, on bun 
27560360 Frankfurter or hot dog, with chili, on bun 
27560370 Frankfurter or hot dog with chili and cheese, on bun 
27560660 Sausage griddle cake sandwich 
27560720 Sausage and spaghetti sauce sandwich 
32202055 Egg, cheese, and sausage griddle cake sandwich 
32202075 Egg, cheese, and bacon griddle cake sandwich 
32203010 Egg salad sandwich 
41901020 Soyburger, meatless, with cheese on bun 
58128210 Dressing with oysters 
 
Mixtures containing bread 
(adjusted for a bread content of 4 to 23%) 
[Theobromine] = 0.0026 to 0.014% 
 
13210110 Pudding, bread 
13210180 Pudding, Mexican bread (Capirotada) 
13210190 Pudding, Mexican bread (Capirotada), lower fat 
27214600 Creamed dried beef on toast 
27510370 Double cheeseburger (2 patties, 1/4 lb meat each), with mayonnaise or salad dressing, 

on bun 
27510380 Triple cheeseburger (3 patties, 1/4 lb meat each), with mayonnaise or salad dressing and 

tomatoes, o 
27510390 Double bacon cheeseburger (2 patties, 1/4 lb meat each), on bun 
27510430 Double bacon cheeseburger (2 patties, 1/4 lb meat each), with mayonnaise or salad 

dressing and tomat 
27510690 Double hamburger (2 patties, 1/4 lb meat each), with mayonnaise or salad dressing and 

tomatoes and/o 
27510710 Pizzaburger (hamburger, cheese, sauce) on 1/2 bun 
27513020 Roast beef sandwich, with gravy 
27513030 Roast beef sandwich dipped in egg, fried, with gravy and spread 
27515050 Fajita-style beef sandwich with cheese, on pita bread, with lettuce and tomato 
27520390 Ham and cheese submarine sandwich, on multigrain roll, with lettuce, tomato and spread 
27540200 Fajita-style chicken sandwich with cheese, on pita bread, with lettuce and tomato 
27540330 Turkey sandwich, with gravy 
27550000 Fish sandwich, on bun, with spread 
27560310 Corny dog, with chili, on bun 
27560910 Submarine, cold cut sandwich, on bun, with lettuce 
32105190 Egg casserole with bread, cheese, milk and meat 
55310100 Bread fritters, Puerto Rican style (Torrejas, Galician fritters) 
 
Breakfast Cereals 
 
Instant and Regular Oatmeal  
[Theobromine] = 0.13% 
 
56202960 Oatmeal, cooked, NS as to regular, quick or instant; NS as to fat added in cooking 
56202970 Oatmeal, cooked, quick (1 or 3 minutes), NS as to fat added in cooking 
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56202980 Oatmeal, cooked, regular, NS as to fat added in cooking 
56203000 Oatmeal, cooked, NS as to regular, quick or instant, fat not added in cooking 
56203010 Oatmeal, cooked, regular, fat not added in cooking 
56203020 Oatmeal, cooked, quick (1 or 3 minutes), fat not added in cooking 
56203030 Oatmeal, cooked, instant, fat not added in cooking 
56203040 Oatmeal, cooked, NS as to regular, quick, or instant, fat added in cooking 
56203050 Oatmeal, cooked, regular, fat added in cooking 
56203060 Oatmeal, cooked, quick (1 or 3 minutes), fat added in cooking 
56203070 Oatmeal, cooked, instant, fat added in cooking 
56203080 Oatmeal, cooked, instant, NS as to fat added in cooking 
56203110 Oatmeal with maple flavor, cooked 
56203200 Oatmeal with fruit, cooked 
56203210 Oatmeal, NS as to regular, quick, or instant, made with milk, fat not added in cooking 
56203220 Oatmeal, NS as to regular, quick, or instant, made with milk, fat added in cooking 
56203230 Oatmeal, NS as to regular, quick, or instant, made with milk, NS as to fat added in 
cooking 
56203540 Oatmeal, made with evaporated milk and sugar, Puerto Rican style 
56203600 Oatmeal, multigrain, cooked, NS as to fat added in cooking 
56203610 Oatmeal, multigrain, cooked, fat not added in cooking 
56203620 Oatmeal, multigrain, cooked, fat added in cooking 
 
Ready-to-Eat Cereals 
[Theobromine] = 0.10% 
 
57000000 Cereal, NFS 
57000050 Kashi cereal, NS as to ready to eat or cooked 
57000100 Oat cereal, NFS 
57100100 Cereal, ready-to-eat, NFS 
57100400 Character cereals, TV or movie, General Mills 
57100500 Character cereals, TV or movie, Kelloggs 
57101000 All-Bran 
57101020 All-Bran with Extra Fiber 
57102000 Alpen 
57103000 Alpha-Bits 
57103020 Alpha-bits with marshmallows 
57103050 Amaranth Flakes 
57103100 Apple Cinnamon Cheerios 
57103500 Apple Cinnamon Squares Mini-Wheats, Kellogg's (formerly Apple Cinnamon Squares) 
57104000 Apple Jacks 
57106050 Banana Nut Crunch Cereal (Post) 
57106100 Basic 4 
57106250 Berry Berry Kix 
57106260 Berry Burst Cheerios 
57106530 Blueberry Morning, Post 
57107000 Booberry 
57110000 All-Bran Bran Buds, Kellogg's (formerly Bran Buds) 
57111000 Bran Chex 
57117000 Cap'n Crunch 
57117500 Cap'n Crunch's Christmas Crunch 
57119000 Cap'n Crunch's Crunch Berries 
57120000 Cap'n Crunch's Peanut Butter Crunch 
57123000 Cheerios 
57124000 Chex cereal, NFS 
57124200 Chocolate flavored frosted puffed corn cereal 
57124500 Cinnamon Grahams, General Mills 
57125000 Cinnamon Toast Crunch 
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57125900 Honey Nut Clusters (formerly called Clusters) 
57126000 Cocoa Krispies 
57126500 Cocoa Blasts, Quaker 
57127000 Cocoa Pebbles 
57128000 Cocoa Puffs 
57128880 Common Sense Oat Bran, plain 
57130000 Cookie-Crisp 
57131000 Crunchy Corn Bran, Quaker 
57132000 Corn Chex 
57134000 Corn flakes, NFS 
57134090 Corn flakes, low sodium 
57135000 Corn flakes, Kellogg 
57137000 Corn Puffs 
57138000 Total Corn Flakes 
57139000 Count Chocula 
57143000 Cracklin' Oat Bran 
57143500 Cranberry Almond Crunch, Post 
57144000 Crisp Crunch 
57148000 Crispix 
57148500 Crispy Brown Rice Cereal 
57148600 Harmony cereal, General Mills 
57151000 Crispy Rice 
57152000 Crispy Wheats'n Raisins 
57201800 Disney cereals, Kellogg's 
57206000 Familia 
57206700 Fiber One 
57206800 Fiber 7 Flakes, Health Valley 
57207000 Bran Flakes, NFS (formerly 40% Bran Flakes, NFS) 
57208000 Complete Wheat Bran Flakes, Kellogg's (formerly 40% Bran Flakes) 
57209000 Natural Bran Flakes, Post (formerly called 40% Bran Flakes, Post) 
57211000 Frankenberry 
57212100 French Toast Crunch, General Mills 
57213000 Froot Loops 
57213850 Frosted Cheerios 
57213900 Frosted Chex 
57214000 Frosted Mini-Wheats 
57214100 Frosted Wheat Bites 
57215000 Frosty O's 
57216000 Frosted rice, NFS 
57218000 Frosted Rice Krispies 
57219000 Fruit & Fibre (fiber), NFS 
57221000 Fruit & Fibre (fiber) with dates, raisins, and walnuts 
57221650 Fruit Harvest cereal, Kellogg's 
57221700 Fruit Rings, NFS 
57221800 Fruit Whirls 
57223000 Fruity Pebbles 
57224000 Golden Grahams 
57227000 Granola, NFS 
57228000 Granola, homemade 
57229000 Granola, lowfat, Kellogg's 
57229500 Granola with Raisins, lowfat, Kellogg's 
57230000 Grape-Nuts 
57231000 Grape-Nut Flakes 
57231200 Great Grains, Raisin, Date, and Pecan Whole Grain Cereal, Post 
57231250 Great Grains Double Pecan Whole Grain Cereal, Post 
57232100 Healthy Choice Almond Crunch with raisins, Kellogg's 
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57237100 Honey Bunches of Oats 
57237300 Honey Bunches of Oats with Almonds, Post 
57238000 Honeycomb, plain 
57239000 Honeycomb, strawberry 
57239100 Honey Crunch Corn Flakes, Kellogg's 
57240100 Honey Nut Chex 
57241000 Honey Nut Cheerios 
57241200 Honey Nut Shredded Wheat, Post 
57243000 Honey Smacks 
57243870 Jenny O's 
57244000 Just Right 
57245000 Just Right Fruit and Nut (formerly Just Right with raisins, dates, and nuts) 
57250000 Pokemon, Kellogg's 
57301100 Kaboom 
57301500 Kashi, Puffed 
57301510 Kashi GoLean 
57301511 Kashi GoLean Crunch 
57301520 Kashi Good Friends 
57301530 Kashi Heart to Heart 
57302100 King Vitaman 
57303100 Kix 
57304100 Life (plain and cinnamon) 
57305100 Lucky Charms 
57305150 Frosted oat cereal with marshmallows 
57305170 Malt-O-Meal Coco-Roos 
57305180 Malt-O-Meal Corn Bursts 
57305200 Malt-O-Meal Crispy Rice 
57305210 Malt-O-Meal Frosted Flakes 
57305500 Malt-O-Meal Honey and Nut Toasty O's 
57305600 Malt-O-Meal Marshmallow Mateys 
57306100 Malt-O-Meal Puffed Rice 
57306120 Malt-O-Meal Puffed Wheat 
57306500 Malt-O-Meal Golden Puffs (formerly Sugar Puffs) 
57306700 Malt-O-Meal Toasted Oat Cereal 
57306800 Malt-O-meal Tootie Fruities 
57307010 Maple Pecan Crunch Cereal, Post 
57307150 Marshmallow Safari, Quaker 
57307500 Millet, puffed 
57308150 Mueslix cereal, NFS 
57308190 Muesli with raisins, dates, and almonds 
57308300 Multi Bran Chex 
57308400 Multi Grain Cheerios 
57308900 Natural Muesli, Jenny's Cuisine 
57309100 Nature Valley Granola, with fruit and nuts 
57311700 Nu System Cuisine Toasted Grain Circles 
57316200 Nutty Nuggets, Ralston Purina 
57316300 Oat Bran Flakes, Health Valley 
57316410 Apple Cinnamon Oatmeal Crisp (formerly Oatmeal Crisp with Apples) 
57316450 Oatmeal Crisp with Almonds 
57316500 Oatmeal Raisin Crisp 
57316710 Oh's, Honey Graham 
57316750 Oh's, Fruitangy, Quaker 
57318000 100% Bran 
57319000 100% Natural Cereal, plain, Quaker 
57319500 Sun Country 100% Natural Granola, with Almonds 
57320500 100 % Natural Cereal, with oats, honey and raisins, Quaker 
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57321500 100 % Natural Wholegrain Cereal with raisins, lowfat, Quaker 
57321700 Optimum, Nature's Path 
57321800 Optimum Slim, Nature's Path 
57322500 Oreo O's cereal, Post 
57323000 Sweet Crunch, Quaker (formerly called Popeye) 
57323050 Sweet Puffs, Quaker 
57324000 Peanut Butter Toast Crunch, General Mills 
57325000 Product 19 
57327450 Quaker Oat Bran Cereal 
57327500 Quaker Oatmeal Squares (formerly Quaker Oat Squares) 
57328000 Quisp 
57329000 Raisin bran, NFS 
57330000 Raisin Bran, Kellogg 
57330010 Raisin Bran Crunch, Kellogg's 
57331000 Raisin Bran, Post 
57332050 Raisin Bran, Total 
57332100 Raisin Nut Bran 
57335500 Raisin Squares Mini-Wheats, Kellogg's (formerly Raisin Squares) 
57335550 Reese's Peanut Butter Puffs cereal 
57336000 Rice Chex 
57337000 Rice Flakes, NFS 
57339000 Rice Krispies 
57339500 Rice Krispies Treats Cereal (Kellogg's) 
57340000 Rice, puffed 
57340700 Scooby Doo Cinnamon Marshmallow Cereal, Kellogg's 
57341000 Shredded Wheat'N Bran 
57341200 Smart Start, Kellogg's 
57342010 Smorz, Kellogg's 
57344000 Special K 
57344010 Special K Red Berries 
57344015 Special K Fruit & Yogurt 
57344020 Special K Vanilla Almond 
57346500 Toasted Oatmeal, Honey Nut (Quaker) 
57347000 Corn Pops 
57347500 Strawberry Squares Mini-Wheats, Kellogg's (formerly Strawberry Squares) 
57348000 Frosted corn flakes, NFS 
57349000 Frosted Flakes, Kellogg 
57349020 Frosted Flakes 1/3 Less Sugar, Kellogg's 
57355000 Golden Crisp (Formerly called Super Golden Crisp) 
57401100 Toasted oat cereal 
57403100 Toasties, Post 
57404100 Malt-O-Meal Toasty O's 
57404200 Malt-O-Meal Apple and Cinnamon Toasty O's 
57406100 Total 
57407100 Trix 
57408100 Uncle Sam's Hi Fiber Cereal 
57409100 Waffle Crisp, Post 
57410000 Weetabix Whole Wheat Cereal 
57411000 Wheat Chex 
57412000 Wheat germ, plain 
57413000 Wheat germ, with sugar and honey 
57416000 Wheat, puffed, plain 
57416010 Wheat, puffed, presweetened with sugar 
57417000 Shredded Wheat, 100% 
57418000 Wheaties 
57419000 Yogurt Burst Cheerios 
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Beverages and Beverage Bases 
 
Sports, Isotonic Drinks 
[Theobromine] = 0.012% 
 
92553000 Fruit-flavored thirst quencher beverage, low calorie 
92560000 Fruit-flavored thirst quencher beverage 
92570100 Fluid replacement, electrolyte solution 
92570500 Fluid replacement, 5% glucose in water 
 
Powdered sports, isotonic drinks 
(adjusted for reconstitution based on 16 g of powder needed to produce a 240 mL beverage) 
[Theobromine] = 0.18% 
 
92900300 Fruit-flavored thirst quencher beverage, dry concentrate, not reconstituted 
 
Meal Replacement Beverages, Non Milk-Based 
[Theobromine] = 0.031% 
 
41430000 Protein powder, NFS 
41430200 Meal replacement or supplement, soy- and milk-base, powder, reconstituted with water 
41440010 Meal replacement or supplement, liquid, soy-base, high protein 
41440020 Ensure with fiber, liquid 
41440050 Ensure Plus liquid nutrition 
41440100 Meal replacement or supplement, liquid, soy-based 
 
Powdered, non-milk based meal replacement beverages 
(adjusted for reconstitution based on 50 g of powder needed to produce a 250 mL beverage) 
[Theobromine] = 0.15% 
 
41430310 Protein diet powder with soy and casein  
41430010 Protein supplement, powdered 
41440000 Textured vegetable protein, dry 
 
Bottled Water  
 
Vitamin, Enhanced, and Normal Bottled Waters 
[Theobromine] = 0.017% 
 
94100100 Water, bottled, unsweetened 
94100200 Water, bottled, sweetened, with low or no calorie sweetener 
94210100 Propel Fitness Water 
94210200 Vitamin Water 
 
Chewing Gum 
 
Chewing Gum 
[Theobromine] = 0.33% 
 
91800100 Chewing gum, NFS 
91801000 Chewing gum, sugared 
91802000 Chewing gum, uncoated, sugarless 
 
Coffee and Tea 
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Tea 
[Theobromine] = 0.0082% 
 
92301000 Tea, NS as to type, unsweetened 
92301060 Tea, NS as to type, presweetened with sugar 
92301080 Tea, NS as to type, presweetened with low calorie sweetener 
92301100 Tea, NS as to type, decaffeinated, unsweetened 
92301130 Tea, NS as to type, presweetened, NS as to sweetener 
92301160 Tea, NS as to type, decaffeinated, presweetened with sugar 
92301180 Tea, NS as to type, decaffeinated, presweetened with low calorie sweetener 
92301190 Tea, NS as to type, decaffeinated, presweetened, NS as to sweetener 
92304000 Tea, made from frozen concentrate, unsweetened 
92304700 Tea, made from frozen concentrate, decaffeinated, presweetened with low calorie 

sweetener 
92305000 Tea, made from powdered instant, presweetened, NS as to sweetener 
92305010 Tea, made from powdered instant, unsweetened 
92305040 Tea, made from powdered instant, presweetened with sugar 
92305050 Tea, made from powdered instant, decaffeinated, presweetened with sugar 
92305090 Tea, made from powdered instant, presweetened with low calorie sweetener 
92305110 Tea, made from powdered instant, decaffeinated, presweetened with low calorie 

sweetener 
92305180 Tea, made from powdered instant, decaffeinated, unsweetened 
92305800 Tea, made from powdered instant, decaffeinated, presweetened, NS as to sweetener 
92306020 Tea, herbal, presweetened with sugar 
92306030 Tea, herbal, presweetened with low calorie sweetener 
92306040 Tea, herbal, presweetened, NS as to sweetener 
 
Powdered tea 
[adjusted for reconstitution based on 70 g powder to produce a 488 mL beverage (value provided by The 
Tarka Group, Inc.)] 
[Theobromine] = 0.057% 
 
92307000 Tea, powdered instant, unsweetened, dry 
92307400 Tea, powdered instant, sweetened, NS as to sweetener, dry 
 
Dairy Product Analogs 
 
Soy Milk 
[Theobromine] = 0.016% 
 
11320000 Milk, soy, ready-to-drink, not baby's 
11321000 Milk, soy, ready-to-drink, not baby's, chocolate 
 
Gelatins, Puddings, and Custard 
 
Gelatin 
[Theobromine] = 0.047% 
 
91500200 Gelatin powder, sweetened, dry 
91501010 Gelatin dessert 
91501015 Gelatin snacks 
91510100 Gelatin powder, dietetic, sweetened with low calorie sweetener, dry 
91511010 Gelatin dessert, dietetic, sweetened with low calorie sweetener 
91580000 Gelatin, frozen, whipped, on a stick 
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Mixtures containing gelatin 
(adjusted for a gelatin content of 76 to 95% 
[Theobromine] = 0.035 to 0.044% 
 
91501020 Gelatin dessert with fruit 
91501030 Gelatin dessert with whipped cream 
91501040 Gelatin dessert with fruit and whipped cream 
91501050 Gelatin dessert with cream cheese 
91501060 Gelatin dessert with sour cream 
91501070 Gelatin dessert with fruit and sour cream 
91501080 Gelatin dessert with fruit and cream cheese 
91501110 Gelatin dessert with fruit and whipped topping 
91501120 Gelatin dessert with fruit and vegetables 
91511030 Gelatin dessert, dietetic, with whipped topping, sweetened with low calorie sweetener 
91511050 Gelatin dessert, dietetic, with cream cheese, sweetened with low calorie sweetener 
91511060 Gelatin dessert, dietetic, with sour cream, sweetened with low calorie sweetener 
91511100 Gelatin salad, dietetic, with vegetables, sweetened with low calorie sweetener 
 
Mixtures containing gelatin 
(adjusted for a gelatin content of 31 to 71% 
[Theobromine] = 0.015 to 0.033% 
 
14610200 Cheese, cottage cheese, with gelatin dessert 
14610210 Cheese, cottage cheese, with gelatin dessert and fruit 
91501090 Gelatin dessert with fruit, vegetable, and nuts 
91511020 Gelatin dessert, dietetic, with fruit, sweetened with low calorie sweetener 
91511070 Gelatin dessert, dietetic, with fruit and sour cream, sweetened with low calorie sweetener 
91511080 Gelatin dessert, dietetic, with fruit and cream cheese, sweetened with low calorie 

sweetener 
91511090 Gelatin dessert, dietetic, with fruit and vegetable(s), sweetened with low calorie 

sweetener 
91511110 Gelatin dessert, dietetic, with fruit and whipped topping, sweetened with low calorie 

sweetener 
 
Mixtures containing gelatin 
(adjusted for a gelatin content of 2 to 24% 
[Theobromine] = 0.0010 to 0.012% 
 
11460190 Yogurt, frozen, NS as to flavor, nonfat milk 
13250100 Mousse, not chocolate 
14610250 Cheese, cottage cheese, with gelatin dessert and vegetables 
53101250 Cake, angel food, with fruit and icing or filling 
53104580 Cheesecake -type dessert, made with yogurt, with fruit 
53207050 Cookie, chocolate, with chocolate filling or coating, fat free 
53347100 Pie, raspberry cream 
53370000 Pie, chiffon, not chocolate 
53371000 Pie, chiffon, chocolate 
53371100 Pie, chiffon, with liqueur 
53373000 Pie, black bottom 
63411010 Cranberry salad, congealed 
74501010 Tomato aspic 
75657000 Vegetable broth, bouillon 
91501100 Gelatin salad with vegetables 
91520100 Yookan (Yokan), a Japanese dessert made with bean paste and sugar 
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Hard Candy 
 
Mints 
[Theobromine] = 0.047% 
 
91745020 Hard candy 
91770020 Dietetic or low calorie hard candy 
91770050 Dietetic or low calorie mints 
 
Milk Products 
 
Meal Replacement Beverages, Milk-Based 
[Theobromine] = 0.030% 
 
11611000 Instant breakfast, fluid, canned 
11612000 Instant breakfast, powder, milk added 
11613000 Instant breakfast, powder, sweetened with low calorie sweetener, milk added 
11621000 Diet beverage, liquid, canned 
11622000 Diet beverage, powder, milk added 
11623000 Meal supplement or replacement, commercially prepared, ready-to-drink 
11631000 High calorie beverage, canned or powdered, reconstituted 
11641000 Meal supplement or replacement, milk-based, high protein, liquid 
11651010 Meal replacement formula, Cambridge diet, reconstituted, all flavors 
 
Powdered milk-based meal replacement beverages 
(adjusted for reconstitution based on 50 g of powder needed to produce a 250 mL beverage) 
[Theobromine] = 0.15% 
 
11830800 Instant breakfast, powder, not reconstituted 
11830810 Instant breakfast, powder, sweetened with low calorie sweetener, not reconstituted 
11830850 High calorie milk beverage, powder, not reconstituted 
11830900 Protein supplement, milk-based, powdered, not reconstituted 
11830940 Meal replacement, high protein, milk based, fruit juice mixable formula, powdered, not 

reconstituted 
11830970 Meal replacement, protein type, milk-based, powdered, not reconstituted 
11830990 Nutrient supplement, milk-based, powdered, not reconstituted 
11831500 Nutrient supplement, milk-based, high protein, powdered, not reconstituted 
11832000 Meal replacement, protein type, milk- and soy-based, powdered, not reconstituted 
11835000 Meal replacement or nutritional supplement, Cambridge diet formula, powdered, nonfat 

milk solids bas 
11835100 Meal replacement, Amway's Nutrilite brand Positrim Drink Mix, powdered nonfat dry milk-

based, dry, n 
11835150 Dynatrim, meal replacement, powder 
 
Yogurt (fresh, not-chocolate) 
[Theobromine] = 0.029% 
 
11410000 Yogurt, NS as to type of milk or flavor 
11411010 Yogurt, plain, NS as to type of milk 
11411100 Yogurt, plain, whole milk 
11411200 Yogurt, plain, lowfat milk 
11411300 Yogurt, plain, nonfat milk 
11420000 Yogurt, vanilla, lemon, or coffee flavor, NS as to type of milk 
11421000 Yogurt, vanilla, lemon, or coffee flavor, whole milk 
11422000 Yogurt, vanilla, lemon, maple, or coffee flavor, lowfat milk 

The Tarka Group, Inc. 
January 12, 2010 

C-14

CANTOX
NIALlH SCIUICn IMTUHATIONAL

000349



 

11423000 Yogurt, vanilla, lemon, maple, or coffee flavor, nonfat milk 
11424000 Yogurt, vanilla, lemon, maple, or coffee flavor, nonfat milk, sweetened with low calorie 

sweetener 
11430000 Yogurt, fruit variety, NS as to type  of milk 
11431000 Yogurt, fruit variety, whole milk 
11432000 Yogurt, fruit variety, lowfat milk 
11432500 Yogurt, fruit variety, lowfat milk, sweetened with low-calorie sweetener 
11433000 Yogurt, fruit variety, nonfat milk 
11433500 Yogurt, fruit variety, nonfat milk, sweetened with low-calorie sweetener 
11444000 Yogurt, fruit and nuts, NS as to type of milk 
11445000 Yogurt, fruit and nuts, lowfat milk 
 
Yogurt Drinks 
[Theobromine] = 0.089% 
 
11553000 Fruit smoothie drink, made with fruit or fruit juice and dairy products 
11553100 Fruit smoothie drink, NFS 
 
Processed Fruits and Fruit Juices 
 
Fruit Smoothies 
[Theobromine] = 0.084% 
 
11553000 Fruit smoothie drink, made with fruit or fruit juice and dairy products 
11553100 Fruit smoothie drink, NFS 
64134000 Fruit smoothie drink, made with fruit or fruit juice only (no dairy products) 
 
Powdered Fruit-Flavored Drinks 
 
Dry fruit flavored drink powders 
[Theobromine] = 0.62% 
92900100 Tang, dry concentrate 
92900110 Fruit-flavored concentrate, dry powder, with sugar and vitamin C added 
92900200 Fruit-flavored beverage, dry concentrate, low calorie, not reconstituted 
 
 
Reconstituted powdered fruit flavored drinks 
(adjusted for reconstitution based on 8 g powder (value provided by The Tarka Group, Inc.) needed to 
produce a 240 mL beverage) 
[Theobromine] = 0.021% 
 
92531210 Strawberry-flavored drink with vitamin C added 
92541010 Fruit-flavored drink, made from sweetened powdered mix (fortified with vitamin C) 
92541020 Lemonade-flavored drink, made from powdered mix, with sugar and vitamin C added 
92541040 Lemonade-flavored drink, made from powdered mix, low calorie, with vitamin C added 
92541100 Apple cider-flavored drink, made from powdered mix, with sugar and vitamin C added 
92541120 Apple cider-flavored drink, made from powdered mix, low calorie, with vitamin C added 
92542000 Fruit-flavored drink, made from powdered mix, mainly sugar, with high vitamin C added 
92544000 Fruit-flavored drink, made from unsweetened powdered mix (fortified with vitamin C), with 

sugar added in preparation 
92552000 Fruit-flavored drink, made from powdered mix with high vitamin C added, low calorie 
92552010 Fruit flavored drink, made from powdered mix, low calorie 
92582000 Fruit-flavored drink, low calorie, calcium fortified 
92731000 Fruit-flavored drink, non-carbonated, made from powdered mix, with sugar 
92741000 Fruit-flavored drink, non-carbonated, made from low calorie powdered mix 
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