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lntertek Scientific & Regulatory Consultancy 
2233 Argentia Road, Suite 201 
Mississauga, ON, Canada L5N 2X7lntertek 
Telephone: + 1 905-542-2900 
Facsimile: +1 905-542-1011 
www.intertek.com 

June 12, 2015 

Dr. Paulette Gaynor 
Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 207 40-3835 

Dear Dr. Gaynor: 

Re: GRAS Notification for Taurine 

In accordance 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 
18938 ( 17 April 1997)], I am submitting, in triplicate, as the notifier lntertek Scientific and 
Regulatory Consultancy, 2233 Argentia Rd, Mississauga, ON, L5N 2X7], a Notice of the 
determination, on the basis of scientific procedures, that taurine, as defined in the enclosed 
documents, is GRAS under specific conditions of use as an ingredient in enhanced water 
beverages, and therefore, is exempt from the premarket approval requirements of the Federal, 
Food, Drug and Cosmetic Act. Information setting forth the basis for the GRAS determination, 
which includes detailed information on the notified substance, a summary of the basis for the 
GRAS determination, as well as a consensus opinion of an independent panel of experts in 
support of the safety of taurine under the intended conditions of use, also are enclosed for 
review by the agency. 

Should you have any questions or concerns regarding this GRAS Notice, please do not hesitate 
to contact me at any point during the review process so that we may provide a response in a 
timely manner. 

Sincerely, 
 

Ashley Roberts, Ph.D. 
Senior Vice President 
Food & Nutrition Group 
lntertek Scientific & Regulatory Consultancy 

000002

http:www.intertek.com


GRAS Exemption Claim for Taurine for Use in Enhanced 

Water Beverages 


Submitted for: 

Submitted by: 

Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied 
Nutrition (CFSAN) 
Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740-3835 
USA 

lntertek Scientific & Regulatory Consultancy 
2233 Argentia Road, Suite 201 
Mississauga, Ontario, Canada 
L5N 2X7 
www.intertek.com 

May 13, 2015 

~~~~~\4~[5) 
JUN 1 5 2015 

OFFICE OF 

FOOD ADDITIVE SAFETY 


000003

http:www.intertek.com


GRAS EXEMPTION CLAIM FOR TAURINE 

GRAS Exemption Claim for Taurine for Use in Enhanced 

Water Beverages 


Table of Contents 

GRAS EXEMPTION CLAIM ............................................................................................1 

I.A 	 Claim of Exemption from the Requirement for Premarket Approval 


Pursuant to Proposed 21 CFR §170.36(c)(1) [62 FR 18938 (17 April 

1997) (U.S. FDA, 1997)] ......................................................................................1 


I.B 	 Name and Address of Notifier ..............................................................................1 

I.C 	 Common Name of the Notified Substance ........................................................... 1 

I.D 	 Conditions of Intended Use in Food .....................................................................2 


I.D.1 	 Intended Uses of Taurine and Levels of Use ............................................2 

I.D.2 	 Estimated Consumption of Taurine Based upon Intended Uses ............... 2 


I.E 	 Basis for the GRAS Determination .......................................................................3 

I.F 	 Availability of lnformation .....................................................................................4 


II. 	 DETAILED INFORMATION ABOUT THE SOURCE AND IDENTITY OF THE 

SUBSTANCE ..................................................................................................................4 

II.A 	 Source and Identity..............................................................................................4 

II.B 	 Method of Manufacture ........................................................................................4 

II. C 	 Specifications and Analytical Data .......................................................................5 

II. D 	 Stability ................................................................................................................7 


II.D.1 	 Bulk Ingredient Stability ............................................................................7 


Ill. 	 SELF-LIMITING LEVELS OF USE ..................................................................................9 


IV. 	 BASIS FOR GRAS DETERMINATION ............................................................................9 

IV.A 	 Documentation to Support the Safety of Taurine .................................................9 

IV.B 	 Existing Safety Evaluations and Dietary Sources ............................................... 10 


IV.B.1 	 Existing Safety Evaluations .................................................................... 1 0 

IV.B.2 Dietary Sources ...................................................................................... 11 


IV.C 	 Metabolic Fate ...................................................................................................12 

IV.D 	 Toxicological Studies .........................................................................................13 


IV.D.1 	 Acute Studies .........................................................................................13 

IV.D.2 Repeated Dose Studies ......................................................................... 13 

IV.D.3 Reproductive and Developmental Toxicity .............................................. 16 

IV.D.4 Genotoxicity Studies .............................................................................. 17 


IV.E 	 Studies in Humans.............................................................................................18 

IV.G 	 Summary and Basis for GRAS Conclusion ........................................................ 19 


V. REFERENCES..............................................................................................................23 


lntertek Scientific and Regulatory Consultancy 
May 13,2015 000004



GRAS EXEMPTION CLAIM FOR TAURINE 

List of Appendices 

Appendix A Expert Panel Consensus Statement Concerning the Generally Recognized as 
Safe (GRAS) Status of Taurine for Use as an Ingredient in Enhanced Water 
Beverages 

Appendix B Certificates of Analysis 

List of Figures and Tables 

Figure 11.8-1 General Overview of the Manufacturing Process for Taurine .......................... 5 


Table II.C-1 Physical, Chemical, and Microbiological Specifications for Taurine ................. 6 


Table 11.0.1-1 Accelerated Stability ........................................................................................8 


Table 11.0.1-2 Long-Term Stability .........................................................................................8 


Table IV.B.2-1 Dietary Sources of Taurine............................................................................ 11 


Table IV.D.4-1 Summary of Mutagenicity and Genotoxicity Studies on Taurine .................... 17 


lntertek Scientific and Regulatory Consultancy 
May 13, 2015 000005

ii 



GRAS EXEMPTION CLAIM FOR TAURINE 

GRAS EXEMPTION CLAIM 

I.A 	 Claim of Exemption from the Requirement for Premarket Approval 

Pursuant to Proposed 21 CFR §170.36(c}(1} [62 FR 18938 (17 April1997} 

(U.S. FDA, 1997}] 

Taurine has been determined to be Generally Recognized as Safe (GRAS) by lntertek Scientific 

and Regulatory Consultancy for use as an ingredient in enhanced water beverages (i.e., 

flavored water beverages with other added ingredients such as vitamins and minerals) in the 

United States (U.S.), 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. 

Therefore, the use of taurine an ingredient in enhanced water beverages as described below is 

exempt from the requirement of premarket approval. 

Signed, 

(b) (6)

MP.'i l3,20l5 

Date 

Senior Vice President 

Food & Nutrition Group 

lntertek Scientific & Regulatory 

Consultancy 

Tel: +1 905-542-2900 

Fax: +1 905-542-1011 

E-mail: ashley.roberts@intertek.com 

I.B 	 Name and Address of Notifier 

lntertek Scientific & Regulatory Consultancy 
2233 Argentia Road, Suite 201 
Mississauga, Ontario, Canada 
L5N 2X7 
www.intertek.com 

I.C 	 Common Name of the Notified Substance 

The common name of the notified substance is taurine. 
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GRAS EXEMPTION CLAIM FOR TAURINE 

1.0 Conditions of Intended Use in Food 

1.0.1 Intended Uses of Taurine and Levels of Use 

Taurine is proposed to be marketed as an ingredient in enhanced water beverages. Taurine will 

be added to enhanced water beverages at concentrations of 45 ppm (i.e., 0.0045%). 

1.0.2 Estimated Consumption of Taurine Based upon Intended Uses 

The proposed use of taurine in enhanced water beverages were estimated to result in a mean 

intake of 15.g mg/day (0.24 mg/kg body weight/day) and a goth percentile intake of 2g.3 mg/day 

(0.45 mg/kg body weight/day). The individual population group with the highest estimated 

intakes resulting from the proposed food use was female adults, who displayed mean and goth 

percentile intakes of 18.7 and 33.3 mg/day (0.26 and 0.45 mg/kg body weight/day, respectively). 

When dietary supplements containing taurine were added to the assessment, the mean intake 

in the total population increased to 24.8 (0.37 mg/kg body weight/day) while the goth percentile 

level of intake increased to 42.6 mg/day (0.61 mg/kg body weight/day). Within the highest 

consumers of taurine, (i.e., female adults), inclusion of supplement products in the assessment 

increased the mean and goth percentile intakes to 2g.3 mg/day (0.43 mg/kg body weight/day) 

and 64.0 mg/day (0.63 mg/kg body weight/day}, respectively. 

In addition to the consumption of taurine from the proposed food use and supplement products, 

the contribution of the background diet to the overall intake of taurine should be considered. As 

detailed in Section 5.1, the background diet is reported to provide up to 400 mg taurine/day. 

Therefore, the most conservative estimate of the mean and goth percentile all-user intake of 

taurine from all sources (i.e., enhanced water beverages, taurine-containing supplements, and 

background diet) would be 424.8 and 442.6 mg/day, respectively, for the total population. 

Among female adults, the addition of the background dietary intakes to the estimates for the 

consumption of taurine from the proposed food use and supplement products results in mean 

and goth percentile intake estimates of 42g.3 and 464.0 mg/day, respectively. 

The National Health and Nutrition Examination Survey is a short term survey (i.e., 2 days of 

data per cycle), and can therefore overestimate long-term consumption patterns of products that 

may be consumed relatively infrequently, such as enhanced water beverages. Estimates 

derived from these data are therefore considered to represent a worst-case illustration of 

potential intakes. Additionally, the assessments generated based on the proposed use level for 

taurine are based on the assumption that all enhanced water beverages consumed contain the 

maximum indicated quantity of taurine, which also may lead to an overestimation of the impact 

of the proposed use levels on the consumption of taurine among consumers of these products. 

lntertek Scientific and Regulatory Consultancy 
May 13, 2015 000007
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GRAS EXEMPTION CLAIM FOR TAURINE 

I.E Basis for the GRAS Determination 

Pursuant to Title 21, Section 170.30 of the Code of Federal Regulations (CFR) (U.S. FDA, 

2013a), taurine has been determined to be GRAS on the basis of scientific procedures. This 

GRAS determination is based on data generally available in the public domain pertaining to the 

safety of taurine, as discussed herein, and on consensus among a panel of experts who are 

qualified by scientific training and experience to evaluate the safety of the taurine ingredient as 

a component of food [see Appendix A, entitled "Expert Panel Consensus Statement Concerning 

the Generally Recognized as Safe (GRAS) Status of Taurine for Use in Enhanced Water 

Beverages"]. 

At the request of lntertek, an Expert Panel of independent scientists, qualified by their scientific 

training and relevant national and international experience to evaluate the safety of food 

ingredients, was specially convened to conduct a critical and comprehensive evaluation of the 

available pertinent data and information, and determine whether the use of taurine in enhanced 

water beverages (at levels of 0.0045%) is safe and suitable and would be GRAS based on 

scientific procedures. 

The Panel consisted of the following qualified scientific experts: Professor Joseph F. Borzelleca, 

Ph.D. (Virginia Commonwealth University School of Medicine); Professor I. Glenn Sipes, Ph.D., 

Fellow AAAS, ATS (University of Arizona); and Professor Gary M. Williams, M.D., DABT, FRCP 

(New York Medical College). 

The Expert Panel, independently and collectively, evaluated the data and information 

summarized herein and concluded that the intended uses in enhanced water beverages 

described herein for taurine, meeting appropriate food-grade specifications and manufactured 

according to current Good Manufacturing Practice (cGMP), are safe, suitable, and GRAS based 

on scientific procedures. Furthermore, it is the Expert Panel's opinion that other qualified and 

competent scientists reviewing the same publicly available information would reach the same 

conclusion. 

Taurine is GRAS based on scientific procedures for its intended use in enhanced water 

beverages. It is therefore excluded from the definition of a food additive, and may be marketed 

and sold for its intended purpose in the U.S. without the promulgation of a food additive 

regulation under Title 21 of the CFR. 

lntertek Scientific and Regulatory Consultancy 
May 13,2015 000008
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GRAS EXEMPTION CLAIM FOR TAURINE 

I.F Availability of Information 

The data and information that serve as the basis for this GRAS Notification will be sent to the 

U.S. Food and Drug Administration (FDA) upon request, or will be available for review and 

copying at reasonable times at the offices of: 

lntertek Scientific & Regulatory Consultancy 
2233 Argentia Road, Suite 201 
Mississauga, Ontario, Canada 
L5N 2X7 

Should FDA have any questions or additional information requests regarding this notification, 

lntertek will supply these data and information. 

II. 	 DETAILED INFORMATION ABOUT THE SOURCE AND IDENTITY 
OF THE SUBSTANCE 

II.A Source and Identity 


Molecular formula: 


Molecular weight: 125.15 g/mol 


Structure: 


Physical form: 	 White crystalline powder 

Flavor: Bitter, sharp flavor; no odor 

Melting point: 

Storage: Room temperature 

11.8 	 Method of Manufacture 

Taurine is produced by Qianjiang Yongan Pharmaceutical Co., Ltd., Fuchi Pharmaceutical Co., 

Ltd., and Jiangyin Huachang Food Additive Co., Ltd. via chemical synthesis (Figure 11.8-1 ). 

lntertek Scientific and Regulatory Consultancy 
May 13,2015 000009
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GRAS EXEMPTION CLAIM FOR TAURINE 

In the first step of the reaction, sodium bisulfite (added as a starting ingredient, or synthesized 

from sodium hydroxide and sulfur dioxide) is combined with ethylene oxide, producing isethionic 

acid (i.e., HOC2H4S03Na). Liquid ammonia is added to the solution (forming crude 

aminoethylsodium sulfonate), followed by sulfuric acid (producing crude taurine). The resulting 

taurine is then purified, filtered, and crystallized, producing a final product that meets the U.S. 

Pharmacopeia (USP, 2014), Food Chemicals Codex (FCC, 2014), and/or the Japanese 

Pharmacopeia (15th edition- JP, 2006) specifications for taurine (specifications summarized in 

Section II. C). 

Figure 11.8-1 General Overview of the Manufacturing Process for Taurine 

+--i  

Reaction with ~ UquidAmmonia I 
Ammonia 

Neutralization and ~ Sulfuric Acid I 
Formation of Taurine 

Purification, filtration, crystallization, 

and packaging 


I 

II.C Specifications and Analytical Data 

As indicated above, the taurine produced by the listed manufacturers meets the specifications 

for taurine established by the USP (2014), the FCC (2014), and/or the JP (15th edition). These 

specifications are presented in Table II.C-1. 

lntertek Scientific and Regulatory Consultancy 5 
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GRAS EXEMPTION CLAIM FOR TAURINE 

Table II.C-1 Physical, Chemical, and Microbiological Specifications for Taurine 

Specification Parameter Specification 
(USP, 2014) 

Specification (FCC, 
2014) 

Specification (JP, 
2006) 

Chemical and Physical 

Characteristics (powder) NS White or colorless 
crystals or white 
crystalline powder 

White or colorless 
crystals or white 
crystalline powder 

Assay (anhydrous)(%) NL T 98.5 and NMT 
101.5 

98.5 to 101.5 NLT 99.0 and NMT 
101.0 

Loss on drying (%) NMT0.3 NMT0.3 NMT0.2 

Residue on ignition (%) NMT0.3 NMT 0.1 NMT 0.1 

Related compounds(%) NMT0.5 NMT 0.5 (approx) NMT 1 spot (not more 
intense than standard 
spot) 

pH NS NS 4.1 to 5.6 

Chloride(%) NMT 0.05 NMT0.01 NMT 0.011 

Sulfate(%) NMT 0.03 NMT 0.01 NMT 0.010 

Ammonium(%) NS NMT 0.02 NMT 0.02 

Heavy Metals 

Heavy Metals (ppm) NMT15 NS NMT10 

Lead (ppm) NS NMT5 NS 

Iron (ppm) NMT30 NMT10 NMT 10 ppm 

Arsenic (ppm) NS NMT2 NS 

Microbiological 

Total Plate Count (CFU/g) NMT 1,000 NS NS 

Yeasts (CFU/g) NMT 100 NS NS 

Molds (CFU/g) NMT 100 NS NS 

Escherichia coli (in 10 g) Negative NS NS 

Coliforms (in 10 g) Negative NS NS 

Salmonella (in 25 g) Negative NS NS 

Staphylococcus aureus (in 10 g) Negative NS NS 

CFU = colony-forming unit; FCC = Food Chemicals Codex; JP = Japanese Pharmacopoeia; NL T = not less than; 
NMT = not more than; NS = not specified; USP = United States Pharmacopoeia. 

Analysis of sample lots of taurine, as provided by the manufacturers (Qianjiang Yongan 

Pharmaceutical Co., Ltd., Fuchi Pharmaceutical Co., Ltd., and Jiangyin Huachang Food 

Additive Co., Ltd.), demonstrates that the manufacturing process as described in Section 11.8 

results in a consistent product compliant with the specifications of the USP (2014), the FCC 

(2014), and/or the JP (8th or 15th edition). Certificates of analysis are presented in Appendix B. 

lntertek Scientific and Regulatory Consultancy 
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GRAS EXEMPTION CLAIM FOR TAURINE 

11.0 Stability 

11.0.1 Bulk Ingredient Stability 

The stability of 2 batches of taurine (Lots 20020304 and 0202006, as provided by the 

manufacturer Qianjiang Yongan Pharmaceutical Co., Ltd.} was evaluated for 10 days under 3 

different conditions: 1) under high heat (60 ± 2°C}; 2} under relative humidity of 92.5%; and 

3) under simulated daylight conditions (4,500 ± 500 lx illumination) (refer to Appendix B for 

further details). Under all 3 conditions, there were no changes detected with respect to 

appearance, taurine content, loss on drying, or transmittance, and the samples were determined 

to be stable. 

Four batches of taurine (Lots 20020304, 20020305, 20020306, 0202006; as provided by the 

manufacturer Qianjiang Yongan Pharmaceutical Co., Ltd.} were evaluated for stability under 

accelerated storage conditions (i.e., 40 ± 2°C, relative humidity 75 ± 5%; for up to 6 months} 

and long-term storage conditions (i.e., 25 ± 2°C, relative humidity 60 ± 10%; for up to 

36 months). The results of stability testing under accelerated and long-term storage conditions 

are presented in Tables 11.0.1-1 and 11.0.1-2, respectively. Stability data are provided in 

Appendix B. 

lntertek Scientific and Regulatory Consultancy 
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KEMPTION CLAIM FOR TAURINE 

L0.1-1 Accelerated Stability<' 

~) 
Manufacturing Lots 

20020304 20020305 20020306 0202006 

Assay 
(anhydrous) 

(%) 

Loss 
on 

Drying 
(%) 

Transmit­
tance (%) 

Assay 
(anhydrous) 

(%) 

Loss 
on 

Drying 
(%) 

Transmit­
tance (%) 

Assay 
(anhydrous) 

(%) 

Loss 
on 

Drying 
(%) 

Transmit· 
tance (%) 

Assay 
(anhydrous) 

(%) 

Loss 
on 

Drying 
(%) 

T 
t; 

99.3 0.1Z 98.9 99.1 0.10 99.Z 99.4 0.10 99.3 99.5 0.14 

99.Z 0.13 99.0 99.0 0.1Z 99.Z 99.Z 0.11 99.0 99.4 0.14 

99.3 0.14 99.0 99.1 0.14 99.0 99.3 0.13 99.Z 99.3 0.16 

99.1 0.16 99.Z 99.1 0.15 99.1 99.3 0.14 99.Z 99.4 0.17 

99.3 0.18 99.1 99.2 0.17 99.3 99.1 0.14 99.0 99.Z o.zo 
maintained under accelerated testing conditions (40 ±zoe, relative humidity 75 ± 5%) for 6 months. 

1.0.1-2 Long-Term Stability<' 

''~ 

Manufacturing Lots 
s) 

20020304 20020305 

Assay Loss Transmit- Assay Loss Transmit- Assay 
(anhydrous) on tance (%) (anhydrous) on tance (%) (anhydrous) 

(%) Drying (%) Drying (%) 
(%) (%) 

99.3 0.1Z 98.9 99.1 0.10 99.Z 99.4 

99.Z 0.13 99.Z 99.Z 0.11 98.9 99.4 

99.Z 0.14 99.1 99.1 0.1Z 99.1 99.Z 

99.4 0.15 99.Z 99.3 0.14 99.0 99.Z 

99.0 0.14 98.8 99.Z 0.15 98.9 99.1 

99.Z 0.16 99.1 99.0 0.16 99.0 99.3 

99.3 0.14 99.Z 99.1 0.14 99.0 99.3 

99.1 0.14 99.0 99.0 0.15 99.Z 99.0 

20020306 0202006 

Loss Transmit- Assay Loss T 
on tance (%) (anhydrous) on t. 

Drying (%) Drying 
(%) (%) 

0.10 99.3 99.5 0.14 

0.11 99.0 99.Z 0.15 

0.10 99.Z 99.4 0.14 

0.1Z 99.Z 99.4 0.16 

0.13 99.1 99.1 0.17 

0.15 99.0 99.Z 0.16 

0.16 99.Z 99.0 0.18 

0.16 99.1 99.1 0.18 

maintained under long term testing conditions (Z5 ±zoe, relative humidity 60 ± 10%) for 36 months. 

)cientific and Regulatory Consultancy 
2015 
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GRAS EXEMPTION CLAIM FOR TAURINE 

Ill. SELF-LIMITING LEVELS OF USE 

The use of taurine will be limited by its sharp, bitter flavor. 

IV. BASIS FOR GRAS DETERMINATION 

IV.A Documentation to Support the Safety of Taurine 

The determination that taurine is GRAS is based on scientific procedures, and the information 

supporting the general recognition of the safety of the ingredient includes: 

• 	 The long history of consumption of taurine as a naturally-occurring, conditionally 


essential component of various foods and human milk. 


• 	 Results of pharmacokinetic studies indicating that taurine is metabolically inactive, 

rapidly absorbed following oral exposure, widely distributed, excreted predominantly 

unchanged in the urine., and is unlikely to bioaccumulate. 

• 	 Results of studies conducted on the ingredient; specifically, an 18-month study in rats 

[with a determined no-observed-adverse-effect level (NOAEL) of 2,500 mg taurine/kg 

body weight/day; the highest dose tested], an 8-week study in rats (with a determined 

NOAEL of 5,000 mg taurine/kg body weight/day; the highest dose tested), and two 

13-week studies in rats (with determined NOAELs of 1 ,000 and 1 ,656 mg/kg body 

weight/day). 

• 	 Results of several other repeated-dose studies in rats, mice, and guinea pigs; 

reproductive/developmental toxicity studies in mice, rats, and cats; genotoxicity studies; 

and multiple studies in humans. 

• 	 Opinions of authoritative bodies, specifically the Scientific Committee on Food (SCF), 

the European Food Safety Authority (EFSA), the Joint FAO/WHO Expert Committee on 

Food Additives (JECFA), the Flavor and Extract Manufacturers' Association of the U.S. 

(FEMA), and Health Canada, and peer-reviewed expert opinions (Clauson eta/., 2008; 

Shao and Hathcock, 2008). 

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 

intended uses of taurine are safe and suitable and would be GRAS based on scientific 

procedures [see Appendix A, entitled "Expert Panel Consensus Statement Concerning the 

Generally Recognized as Safe (GRAS) Status of Taurine for Use in Enhanced Water 

Beverages"]. A summary of these data is presented herein. 

lntertek Scientific and Regulatory Consultancy 
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GRAS EXEMPTION CLAIM FOR TAURINE 

IV.B Existing Safety Evaluations and Dietary Sources 

IV.B.1 Existing Safety Evaluations 

Taurine is used as a nutritive ingredient in energy drinks, dietary supplements, and hypo­

allergenic soy-based infant formula in the U.S. at levels consistent with cGMP (U.S. FDA, 

2013b). However, no U.S. regulations are available pertaining to the direct addition of taurine to 

food or drinks for humans, although it is permitted as an indirect food additive in paper and 

paperboard components (21 CFR §176.170; 21 CFR §176.21 0) (U.S. FDA, 2013c,d). 

Taurine has been determined to be GRAS by the Flavor and Extract Manufacturers' Association 

of the United States (FEMA), for use as a flavoring agent in a number of food categories (i.e., 

baked goods, meat products, soups, snack foods, breakfast cereals, fats and oils, cheese, 

poultry, egg products, and fish products), including non-alcoholic beverages at an average 

maximum use level of 30 ppm [FEMA GRAS 17 (3813)- Smith eta/., 1996]. 

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) evaluated the safety of 

taurine and established an acceptable daily intake (AD I) of "acceptable", indicating that there is 

no safety concern at currently estimated levels of intake from use of taurine as a flavoring agent 

(i.e., 217 IJg taurine/day in the U.S.) (JECFA, 2006). 

The Scientific Committee on Food (SCF) (SCF, 1999, 2003), considering information available 

at the time of evaluation, noted that behavioral effects were reported in a 13-week study in rats 

at doses as low as 300 mg/kg body weight/day (the lowest dose tested by WIL, 2001 ). The 

SCF determined margins of safety of 6 to 36 based on estimated human consumption of taurine 

via energy drinks, but noted that further neurotoxicity studies would be required. Since no 

adverse neurological effects attributable to taurine were reported in a follow-up 13-week study 

designed specifically to evaluate neurotoxicity in rats (WIL, undated- 42306), a NOAEL of 

1 ,000 mg taurine/kg body weight/day was determined for the original study (WIL, 2001 ), with a 

NOAEL of 1,656 mg taurine/kg body weight/day for the subsequent study (WIL, undated; SCF, 

2003; EFSA, 2009). 

The Scientific Panel on Food Additives and Nutrient Sources of EFSA evaluated the safety of 

the use of taurine in energy drinks (EFSA, 2009). EFSA considered the results of the two 13­

week studies in rats mentioned above (WIL, 2001 and WIL, undated- 42306), and reported 

NOAELs of 1,000 mg/kg body weight/day for pathological changes and 1,500 mg/kg body 

weight/day (actual intake 1,656 mg/kg body weight/day) for neurological effects. EFSA (2009) 

calculated margins of safety of 1 02 and 43 for mean and 951
h percentile consumption of taurine 

from energy drinks only (i.e., 8.3 and 23.3 mg/kg body weight/day, respectively). Given that 

taurine is endogenous in humans, EFSA concluded that the calculated margins of safety are 

lntertek Scientific and Regulatory Consultancy 
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GRAS EXEMPTION CLAIM FOR TAURINE 

sufficiently large to rule out safety concerns with respect to consumption of taurine at the 

estimated intakes 1 (EFSA, 2009) .. 

In 2012, a scientific opinion on the safety and efficacy of taurine as an additive to feed and 

water for drinking for all animal species was published by EFSA's Panel on Additives and 

Products or Substances used in Animal Feed (FEEDAP). The FEEDAP determined an 

observed safe level (OSL; described as an estimate of safe exposure determined from the 

highest intake with convincing evidence of safety without the application of additional safety 

factors) in humans to be 6,000 mg taurine/day {i.e., approximately 100 mg/kg body weight/day 

for a 60-kg individual) for up to 1 year based on the absence of adverse effects in a large 

number of studies conducted in adults, children, and infants (EFSA, 2012). 

In a guidance document on caffeinated energy drinks sold in Canada, Health Canada 

established a maximum daily limit of 3,000 mg taurine in caffeinated energy drinks (Health 

Canada, 2012). 

IV.B.2 Dietary Sources 

Healthy adults can synthesize taurine from sulfur-containing amino acids {i.e., cysteine and 

methionine); thus, taurine is considered a conditionally essential nutrient (Clauson eta/., 2008). 

However, in newborn infants and in certain disease states, dietary taurine supplementation may 

be required to achieve optimal taurine status (Clauson eta/., 2008). 

Taurine is a natural component of meats and dairy products, and is therefore a component of a 

typical diet in the U.S. (Laidlaw eta/., 1990; Hayes and Trautwein, 1994). Taurine is a 

component of cow's milk-based infant formulae, and may be added to non-dairy-based infant 

formulae to compensate for the lack of dairy-derived taurine (Laidlaw eta/., 1990). Estimated 

taurine contents of natural dietary sources are listed in Table IV.B.2-1. 

Table IV.B.2-1 Dietary Sources of Taurine 

Food Category Intakes of Taurine3 

Meat and Poultry 11 to 306 mg/1 00 g wet weight 

Seafood 11 to 827 mg/1 00 g wet weight 

Dairy Products 2 to 8 mg/100 ml 

Breast Milk and Infant Formula 4 to 7 mg/100 ml 

a Source: Laidlaw et at., 1990; Hayes and Trautwein, 1994 

1 Consumption of taurine reported to be up to 400 mg/day from dietary sources (i.e., up to 6.7 mg/kg body weighUday 
for a 60-kg individual), and estimated 951 

h percentile intake from energy drinks only reported to be 1 ,400 mg 
taurine/day (i.e., 23.3 mg/kg body weighUday for a 60-kg individual) (EFSA, 2009). 
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Omnivorous diets have been estimated to provide 9 to 400 mg taurine/day (Rana and Sanders, 

1986; Laidlaw eta/., 1990). Dietary intake of taurine from a !acto-avo-vegetarian diet was 

estimated to be approximately 17 mg/day, while estimates of intake provided by a vegan diet 

indicate a virtual absence of taurine (Rana and Sanders, 1986; Laidlaw eta/., 1990). In 

individuals with low dietary taurine intake, physiological taurine levels are conserved by 

enhanced renal taurine reabsorption (further discussion on taurine kinetics provided in 

Section IV.C) (Hayes and Trautwein, 1994). 

IV.C Metabolic Fate 

Physiological taurine status is determined by dietary intake and from endogenous synthesis. In 

humans, taurine is considered a conditionally essential nutrient, as it is not synthesized at 

sufficient levels in newborn infants due to age-dependent expression of cysteine-sulfinic acid 

decarboxylase, the enzyme predominantly responsible for taurine synthesis in humans (Hayes 

and Trautwein, 1994). In humans and other mammals, endogenous production of taurine 

occurs in many tissues, including primarily the liver, brain, and pancreas (EFSA, 2012). As a 

nutrient, taurine is conjugated with bile acids in the liver, and also is required for cell membrane 

stabilization, osmoregulation, regulation of calcium flux, neuronal excitability, and may have 

anti-oxidant functions (Eudy eta/., 2013). Taurine is present at concentrations of 2 to 30 mM 

intracellularly and 35 to 100 1-1M in extracellular fluids in various mammalian tissues (e.g., 

plasma, breast milk, and cerebrospinal fluid) (Chesney, 1985; Zelikovic and Chesney, 1989; 

Trautwein and Hayes, 1990). The total body pool of taurine has been estimated to range from 

12 to 18 g (PDRNS, 2008). 

Following oral exposure in rodents and humans, taurine is rapidly absorbed via a 13-amino acid 

or taurine active transport system in the small intestine (Sved eta/., 2007; Ghandforoush-Sattari 

eta/., 2010). In healthy, fasted human volunteers, maximum plasma levels of 0.47 to 

0.90 mmoi/L were attained within 1 to 2.5 hours following a taurine-rich meal or single oral dose 

of 4 g taurine (Trautwein and Hayes, 1995). Taurine has a plasma half-life of 0. 7 to 1.4 hours, 

with plasma taurine concentrations in humans reported to return to baseline within 7 hours of 

consumption (Trautwein and Hayes, 1995; Ghandforoush-Sattari eta/., 201 0). Taurine is 

therefore not expected to bioaccumulate, even in individuals consuming unusually large 

amounts of taurine on a daily basis. This is illustrated by the marginal increases in plasma 

taurine concentrations reported within 12 to 24 hours of the last dose of taurine in subjects 

consuming 3 or 6 g taurine/day for 8 weeks or 7 days (respectively) (Zhang eta/., 2004a; Rosa 

eta/., 2014). Although these increases (approximately 71 and 97% in the 7-day and 8-week 

studies, respectively) were statistically significant, they are considered to be physiologically 

marginal compared to an increase of approximately 933% reported 1 hour after consumption of 

4 g taurine in humans (Ghandforoush-Sattari eta/., 201 0). 
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As taurine is a polar molecule, it is unable to cross cellular membranes. Tissue concentrations 

of taurine are under homeostatic control, with cellular uptake mediated by high-affinity, low­

capacity Na+/cr coupled transporters (Sturman eta/., 1975). These transporters are saturated 

at normal plasma taurine concentrations, providing mechanistic support for the observation that 

tissue concentrations are not appreciably influenced by dietary intake (Sturman, 1973; 

Trautwein and Hayes, 1995; Sved eta/., 2007). Results of studies conducted in Sprague­

Dawley rats administered 14C taurine orally at doses of 30 or 300 mg/kg body weight/day for up 

to 14 days indicate that exogenous taurine does not increase total brain taurine concentrations 

beyond baseline physiological levels (Sved eta/., 2007). EFSA (2009) noted that this 

observation "largely rules out the possibility of stimulatory effects from taurine at the level of the 

central nervous system". Taurine is distributed to a wide range of tissues, with the highest 

concentrations observed in the muscle, heart, kidney, and liver; however, only a small quantity 

of exogenous taurine is exchanged with tissue pools. Radio-label studies in humans 

demonstrate that taurine is metabolically inert and is not subject to biotransformation events, 

with the exception of conjugation with bile acids (Sturman et al., 1975). Only a very small 

proportion of orally administered taurine (i.e., 5%) is incorporated into bile acids, with the 

majority recovered in the urine (Sturman eta/., 1975). Small quantities of putative bacteria­

derived sulfated conjugates also have been detected in the urine of humans orally and 

intravenously administered radiolabeled taurine (Sturman eta/., 1975). Overall, the available 

data demonstrate that approximately 36 to 67% of orally administered taurine is rapidly 

absorbed from the gastrointestinal tract, following which it may be conjugated with bile acids 

and excreted through the biliary tract. Unconjugated taurine is widely distributed and rapidly 

equilibrated, with any excess taurine eliminated primarily via the kidneys. 

IV.D Toxicological Studies 

IV.D.1 Acute Studies 

Taurine is of low acute oral toxicity, with median lethal doses (LD50 values) of >1 ,000 mg/kg 

body weight in male rats (Doull et al., 1962), >5,000 mg/kg body weight in male and female rats 

(Kihara eta/., 1991), and >7,000 mg/kg body weight in mice (sex not reported; Drugs in Japan, 

1990). 

IV.D.2 Repeated Dose Studies 

Takahashi eta/. (1972a) investigated potential long-term toxicity of taurine in Wistar rats. Nine 

males and 7 females/group were given diets containing 0, 0.5, or 5% taurine [i.e., providing 

reported intakes of 0, 250, or 2,500 mg taurine/kg body weight/day, respectively (U.S. FDA, 

1993)] for 18 months. The nutritional contents of the test diets were not adjusted to account for 

the addition of taurine; thus, the high-dose diet contained 95% of the nutrients provided by the 

control diet. Clinical signs, body weight, and feed consumption were evaluated regularly, and 
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decedent animals were necropsied and organs were examined histologically. Hematology, 

organ weights, and histological examinations were conducted upon study termination. Several 

deaths were reported between Study Months 13 and 18 {i.e., 5, 4, and 3 rats in the control, low­

dose, and high-dose groups, respectively). These deaths were attributed to chronic 

inflammatory diseases of the lung and kidney, and tumors of the mammary gland, which were 

reported by the study authors to be commonly observed in adult rats of the strain used, and 

were not attributed to taurine. No compound-related clinical, behavioral, or hematological 

effects were reported at any dose. There were no significant differences in organ weights 

between treated and control animals, except for a significant decrease in ovary weight in treated 

females compared to controls, which may have been due to the reported follicular enlargement 

observed in control females. No adverse histological effects were observed in the cerebrum, 

cerebellum, myocardium, spleen, pancreas, gastrointestinal walls, or testes. Moderate dilation 

of bile capillaries was reported in high-dose males and females, although these effects were not 

associated with histological evidence of hepatic toxicity, and may have been attributable to 

increased bile flow. Although the study authors did not report a NOAEL, based on the results 

presented, a NOAEL of 5% taurine in the diet (2,500 mg/kg body weight/day), the highest 

dietary concentration tested, could be determined for this study. 

Hwang eta/. (2000) investigated the effects of dietary taurine administration on toxicity 

associated with oxidized fish oil ingestion in male Wistar rats; however, only results pertaining to 

animals given control diet {i.e., unsupplemented diet without oxidized fish oil) or control diet 

supplemented with taurine are presented herein. Rats (6/group) were given diets containing 0 

or 5% taurine {i.e., providing approximately 0 or 5,000 mg taurine/kg body weight/day) for 8 

weeks. No adverse effects were reported with respect to body weight; plasma aspartate 

aminotransferase, alanine aminotransferase, or alkaline phosphatase; hepatic thiobarbituric acid 

reactive substances or glutathione; or relative liver or kidney weights. 

The subchronic toxicity of taurine also was evaluated in rats (20/sex/group; strain not reported) 

administered taurine (in water) by gavage at doses of 0, 300, 600, or 1,000 mg/kg body 

weight/day for 13 weeks (WIL, 2001 ). This study was conducted in accordance with 

Organisation for Economic Cooperation and Development (OECD) principles of Good 

Laboratory Practice (GLP) and in line with OECD guidelines for toxicity testing of chemicals 

(OECD 408) (OECD, 1998a,b). No deaths or adverse compound-related effects on feed intake 

or body weight were reported at any dose. Statistically significant differences in hematological 

and clinical chemistry parameters between treated rats and controls were reported during Study 

Weeks 4, 8, and 13, although these differences were small and likely not compound-related (no 

further details reported). A dose-related decrease in urinary pH was observed in treated 

animals but was attributed to excretion of intact taurine. Small but statistically significant 

reductions in absolute and relative thyroid and parathyroid gland weights were reported in high­

dose males and in all treated females compared to their respective controls. However, these 

differences were attributed to absolute and relative thyroid and parathyroid gland weights higher 
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than the historical range in the control group. Although significantly decreased serum thyroid 

stimulating hormone levels were reported in mid-dose males in Study Week 4, this effect was 

transient and not dose-related, and therefore not considered to be compound-related. No 

adverse effects on serum thyroxine levels were reported at any dose. No compound-related 

gross or microscopic effects were reported in any organs or tissues, including the thyroid at any 

dose. Dose-dependent increases in motor activity were reported in all treated rats (with greater 

incidence in females) within 1 hour of dosing. Chewing of forelimbs and hindlimbs was reported 

in mid- and high-dose males and all treated females, although the statistical significance of this 

effect was not reported. Following these observations, a functional observational battery (FOB) 

was conducted on the high-dose and control groups during Study Weeks 6 and 12. Signs of 

neurostimulation (including greater alertness, cage biting, higher arousal, and hyper­

responsiveness) were observed in treated groups (mostly females). However, these effects 

were observed in single animals {i.e., 1 animal/sex/dose), and their incidence was not 

significantly different from controls. Impaired rotarod performance was reported in both sexes of 

the high-dose group, but was not statistically significant due to high variability within groups. 

Decreased mean ambulatory activity was reported in high-dose males at 6 weeks but not at 

12 weeks. The study authors noted that these effects were observed during the first and last 

months of the 3-month study, indicating a lack of development of tolerance to possible 

neurological effects of taurine. 

In its evaluation of the safety of taurine for use in energy drinks, EFSA (2009) noted that the 

behavioral effects observed in the study conducted by WIL Research Laboratories Inc. (WIL) 

(WIL, 2001) were not well described and could be discounted due to the absence of evidence of 

self-injury. However, EFSA {2009) and the SCF (2003) noted also that the potential for 

behavioral effects merited further investigation, and that focused neurological studies would be 

required. Therefore, a GLP- and OECD-compliant neurotoxicity study was conducted in which 

Cri:CD (SD) rats (20/sex/group) were administered 0, 600, or 1,000 mg taurine/kg body 

weight/day by gavage (in a deionized water vehicle) for 13 weeks (WIL, undated- 42306). 

Additional groups of rats (20/sex/group) were given drinking water at target doses of 0, 1 ,000, or 

1 ,500 mg taurine/kg body weight/day [providing 0, 1 ,095, or 1 ,647 mg taurine/kg body 

weight/day (males) or 0, 1, 117, or 1,656 mg taurine/kg body weight/day (females)] for 13 weeks. 

Based on the results of FOB and locomotor activity tests conducted on all animals prior to study 

initiation, outliers in locomotor activity were eliminated from the study and animals were 

randomized according to rotarod test performance. FOB and locomotor activity testing also was 

conducted during Study Weeks 6 and 12. Body weight and water and feed intake were 

measured regularly, daily clinical and weekly detailed physical examinations were conducted, 

and complete necropsies were conducted upon study termination. The study authors noted that 

taurine was well-tolerated, and reported no treatment-related deaths, adverse effects on body 

weight or feed consumption, or clinical or macroscopic effects attributable to taurine at any 

dose. Transient increases in water consumption on Days 0 to 7 were reported in all males 

provided with taurine in the drinking water (relative to their respective controls), although this 
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effect was considered an adaptation to the osmotic properties of taurine rather than an adverse 

effect. No compound-related effects were reported at any dose with respect to locomotor 

activity testing or FOB parameters (including home cage, handling, open field, sensory, 

neuromuscular, or physiological observations). EFSA (2009) concluded that the results of this 

study are sufficient to address the behavioral concerns previously raised, and provide evidence 

for a NOAEL of 1,000 mg/kg body weighUday in the original toxicity study (i.e., WIL, 2001 ). A 

NOAEL of 1 ,656 mg/kg body weight was determined based on a lack of adverse physiological 

or behavioral effects following a 13 week exposure via drinking water in the follow-up 

neurological study (WIL, undated- 42306). 

Several other studies were identified, in which safety parameters were reported upon 

consumption of taurine by mice, rats, and guinea pigs. Although these studies were not 

traditional toxicological studies, safety-related parameters were evaluated (e.g., food intake, 

body weight, or organ weights). Reduced feed intake, body weight, and urinary excretion of 

citrate, a-ketoglutarate, and succinate were reported in male rats given drinking water providing 

up to 7,189 mg taurine/kg body weighUday for 10 weeks (Akira eta/., 2013). However, these 

effects were not associated with pathological changes, and similar adverse effects were not 

reported in female mice were given diets providing 7,500 mg taurine/kg body weighUday for up 

to 14 weeks (Fujihira eta/., 1970), or in rats given diet providing 5,000 mg taurine/kg body 

weighUday for 8 weeks (Wang eta/., 1997). In the remaining study, no compound-related, 

physiologically relevant adverse effects were attributed to consumption of drinking water 

providing 462 mg taurine/kg body weighUday by male guinea pigs for 14 days (Cantafora eta/., 

1986). 

IV.D.3 Reproductive and Developmental Toxicity 

In the 5 reproductive and developmental toxicity studies evaluated by EFSA (2009) and the SCF 

( 1999, 2003), no evidence of developmental toxicity attributable to taurine was reported upon 

oral administration of 300 to 4,000 mg taurine/kg body weighUday to pregnant mice or rats 

during gestation (Takahashi eta/., 1972b; Yamada eta/., 1981; Friedman eta/., 1983). 

Furthermore, no adverse developmental effects attributable to taurine were reported in a 

3-generation study in which mice were continuously administered up to 7.0 g taurine/kg body 

weighUday (Takahashi eta/., 1972b), or in cats administered up to 416 mg taurine/kg body 

weighUday from 6 months prior to mating until weaning of offspring at 8 weeks of age (Sturman 

and Messing, 1992). 

In an additional recently published study, rats were given control or obesogenic diets (CD or 

OD, respectively) providing 0 or approximately 1 ,500 mg taurine/kg body weighUday, from 

Gestational Day 1 until weaning of offspring at 3 weeks of age (Li eta/., 2013). In this study, 

increased maternal hepatic gene expression related to lipogenesis and inflammation were 

reported in taurine-treated dams compared to their respective controls, although these changes 

were not associated with gross or histopathological effects indicative of hepatotoxicity. Li eta/. 
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(2013) reported increased neonatal mortality in pups born to CD dams supplemented with 

taurine compared to CD controls [i.e., 1.4 ± 0.1% in the CD group compared to 7.1 ± 4.0% in the 

CO-taurine group]. No explanation was given for this observation, but it may have related to the 

small decrease in maternal body weights of the CO-taurine group relative to CD controls. No 

comparison to historical data with respect to the range of infant mortality was provided. Thus, 

the toxicological significance of the reported increase in neonatal mortality is unknown. Adverse 

effects on offspring mortality were not reported in any of the other identified studies, even upon 

administration of taurine at higher doses and/or over longer periods of time. In addition, Li eta/. 

(2013) reported no significant differences between groups with respect to litter size, pup sex 

ratio, pup body weight, or any measures of insulin resistance, inflammation, or lipid metabolism. 

Considering the overall weight of evidence and the SCF (1999, 2003) conclusion that taurine 

does not demonstrate any potential for teratogenicity, supplemental taurine intake is unlikely to 

exert adverse effects on reproductive or developmental parameters under the intended 

conditions of use. 

IV.D.4 Genotoxicity Studies 

The potential genotoxicity of taurine was evaluated in a series of in vitro tests, the results of 

which are summarized in Table IV.D.4-1. No mutagenic or genotoxic effects were reported in a 

reverse mutation assay, a Rec assay, a chromosomal aberration, or a sister chromatid 

exchange assay (Laidlaw eta/., 1989; Yamada eta/., 1993; Cozzi eta/., 1995). Taurine's lack 

of genotoxic potential is corroborated by its long history of use, endogenous nature, natural 

occurrence in the human diet, and lack of structural alerts for genotoxicity. In addition, the SCF 

(1999, 2003) concluded that based on the available toxicology studies, taurine does not exhibit 

any potential for genotoxicity or carcinogenicity. 

Table IV.D.4-1 Summary of Mutagenicity and Genotoxicity Studies on Taurine 

Test System Type Concentration Results Reference 

Reverse mutation assay Salmonella 
typhimurium strains 
TA98, TA100, TA102 

0, 1, 10, or 
50 mg/plate 

-89 

Negative (for mutagenicity 
and cytotoxicity) 

Laidlaw et a/. 
(1989) 

Recassay Bacillus subtilis H 17 
and M45 strains 

0.1, 1.0, or 
10 mg/disc 

Use ofS9 NR 

Negative (for mutagenicity 
and cytotoxicity) 

Yamada et 
a/. (1993) 

In vitro chromosomal 
aberration and sister 
chromatid exchange 
assays 

Chinese hamster 
ovary cells 

10.;; M 

Use of 89 NA 

Negative (for sister 
chromatid exchanges and 
chromosomal aberrations) 

Cozzi eta/. 
(1995) 

NA = not applicable; NR = not reported; 89 = metabolic activation; - 89 =without metabolic activation 
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IV.E Studies in Humans 

Taurine is often consumed as a component of multi-ingredient energy drinks (often including 

caffeine and glucuronolactone). The SCF (2003) evaluated the potential for interactions 

between taurine, caffeine, and glucuronolactone (i.e., all common ingredients in energy drinks), 

and noted that the 3 ingredients differ widely with respect to their chemical nature. The SCF 

(2003) reported that a potential for additive interactions between taurine and caffeine may exist, 

given that the 2 compounds exert stimulatory effects on the central nervous system and diuretic 

effects on the kidneys. However, the SCF reported that "if there are any cardiovascular 

interactions between caffeine and taurine, taurine might reduce the cardiovascular effects of 

caffeine" (SCF, 2003). In a subsequent review in which newer data were considered, EFSA 

(2009) concluded that the reported stimulatory, diuretic, and natriuretic effects of energy drinks 

are not likely attributable to taurine. EFSA (2009) reported also that the observed lack of 

increases from baseline in total brain concentrations of taurine in rats following oral 

administration of 30 or 300 mg taurine/kg body weighVday for 14 days "largely rules out the 

possibility of stimulatory effects from taurine at the level of the central nervous system". 

In a review of potential safety issues associated with energy drinks, Clauson eta/. (2008) 

reported no interactions between taurine and other ingredients in energy drinks, and concluded 

that "there was insufficient reliable evidence to suggest any adverse events" associated with 

taurine in such products. Although several human studies in which energy drinks containing 

taurine were consumed were identified in the literature, the reported effects were not consistent 

across studies, and the presence of other ingredients in the energy drinks confounded the 

reported effects. As conclusions regarding the safety of taurine in studies conducted on energy 

drinks cannot be drawn, these studies will not be discussed herein. 

Several human intervention studies that were conducted to assess potentially beneficial effects 

of consumption of taurine by healthy adults or adults and children with various disease 

conditions (i.e., hypertension, cystic fibrosis and associated complications, congestive heart 

failure, cirrhosis, dyskinesias, obesity, renal failure, diabetes, anemia, mixed seizure disorders, 

myotonic dystrophy, or epilepsy) were identified in the literature. Although the objectives of 

these studies were not specifically to evaluate safety, endpoints related to safety were reported. 

Many of these studies, consisting mainly of randomized, double-blind, controlled interventions, 

were evaluated in a risk assessment conducted by Shao and Hathcock (2008). The study 

authors concluded that strong evidence supported the safety of taurine at oral doses up to 

3 g/day, and that no serious adverse effects were reported in studies in which subjects 

consumed up to 10 g taurine/day (Shao and Hathcock, 2008). Based on the results presented 

in these studies, Shao and Hathcock (2008) identified an OSL of 3,000 mg taurine/day. This 

conclusion was based in part on results of the study by Zhang eta/. (2004a,b), who reported 

that consumption of 3,000 mg taurine/day by healthy adults for 7 or 12 weeks was not 

associated with adverse effects. EFSA (2009) concluded that available data on the 
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consumption of taurine by humans (including infants, children, and adults)" .. .do not give any 

indication of safety concern." and "Such information revealed that oral daily ingestion of taurine 

doses in the 3-6 g range for periods up to one year, did not produce adverse health effects", and 

identified an OSL of 6,000 mg/day (EFSA, 200g, 2012). 

Among the identified human intervention studies, which include studies summarized by Shao 

and Hathcock (2008) and EFSA (200g), and those identified in a recent search of the published 

literature, no adverse effects attributable to taurine were reported in subjects (with normal 

kidney function) consuming up to 20 g taurine/day for up to 6 weeks, or up to approximately g g 

taurine/day for 7 weeks to 1 year. In 1 study conducted in patients on chronic hemodialysis for 

renal failure, high doses of taurine (1 00 mg/kg body weight/day) were associated with vertigo 

and/or dizziness in 2 of 4 patients tested (Suliman eta/., 2002). These symptoms were 

attributed to the inability of the study subjects to excrete excess taurine, resulting in an 

accumulation of taurine in the plasma and muscle (as would be expected for any compound 

eliminated via the kidney). Accumulation of taurine is not expected to be of concern in those 

with normal kidney function. 

One case study was identified in which an individual with known sulfite and sulfonamide 

allergies developed hypersensitivity to taurine (containing a 803 moiety) above a threshold level 

(estimated to be approximately 250 to 300 mg taurine) (Stohs and Miller, 2014). Challenge 

tests provided evidence for hypersensitivity to taurine. Although this individual had 

demonstrated allergies to a variety of substances, this is the first case reporting hypersensitivity 

to taurine. 

IV.G Summary and Basis for GRAS Conclusion 

The GRAS determination for the use of taurine as a food ingredient is based on scientific 

procedures. Taurine is a conditionally essential, non-protein aminosulfonic acid that is 

synthesized endogenously in mammals, and is consumed in a typical omnivorous diet at levels 

up to 400 mg/day. The safety of taurine under the intended conditions of use in enhanced water 

beverages at levels of up to 0.0045% is supported by the long history of consumption of 

supplementary and naturally-occurring dietary taurine (i.e., at doses of 3 to >6 g/day), and the 

results of animal and human studies as described above. 

The proposed use of taurine in enhanced water beverages were estimated to result in a mean 

intake of 15.g mg/day (0.24 mg/kg body weight/day) and a goth percentile intake of 2g.3 mg/day 

(0.45 mg/kg body weight/day). The individual population group with the highest estimated 

intakes resulting from the proposed food use was female adults, who displayed mean and goth 

percentile intakes of 18.7 and 33.3 mg/day (0.26 and 0.45 mg/kg body weight/day, respectively). 

When dietary supplements containing taurine were added to the assessment, the mean intake 

in the total population increased to 24.8 (0.37 mg/kg body weight/day) while the goth percentile 

lntertek Scientific and Regulatory Consultancy 

May 13, 2015 
 000024

19 



GRAS EXEMPTION CLAIM FOR TAURINE 

level of intake increased to 42.6 mg/day (0.61 mg/kg body weight/day). Within the highest 

consumers of taurine, (i.e., female adults), inclusion of supplement products in the assessment 

increased the mean and goth percentile intakes to 2g.3 mg/day (0.43 mg/kg body weight/day) 

and 64.0 mg/day (0.63 mg/kg body weight/day), respectively. 

In addition to the consumption of taurine from the proposed food use and supplement products, 

the contribution of the background diet to the overall intake of taurine should be considered. As 

detailed in Section 5.1, the background diet is reported to provide up to 400 mg taurine/day. 

Therefore, the most conservative estimate of the mean and goth percentile all-user intake of 

taurine from all sources (i.e., enhanced water beverages, taurine-containing supplements, and 

background diet) would be 424.8 and 442.6 mg/day, respectively, for the total population. 

Among female adults, the addition of the background dietary intakes to the estimates for the 

consumption of taurine from the proposed food use and supplement products results in mean 

and goth percentile intake estimates of 42g.3 and 464.0 mg/day, respectively. As detailed 

above, these intake estimates likely overestimate long-term consumption patterns, are based on 

the assumption that the enhanced water beverages consumed contain the maximum indicated 

quantity of taurine, and are therefore considered to represent a worst-case illustration of 

potential intakes. 

Results of studies in humans and rats indicate that taurine is widely distributed following rapid 

absorption from the gastrointestinal tract. Taurine concentrations in various tissues (including 

the brain) are under homeostatic control, and excess taurine is eliminated by the kidneys in a 

dose-dependent manner. Since Na+tcr-coupled taurine transporters are saturated at 

physiological plasma taurine concentrations, tissue concentrations are not substantially affected 

by dietary intake of taurine. Taurine is excreted predominantly unchanged in the urine, with 

minimal excretion as urinary sulfate or fecal bile salts. Unabsorbed taurine may be broken 

down by intestinal bacteria to sulfate, or to carbon dioxide, water, and ammonia. Marginal 

increases in fasting plasma taurine concentrations reported in human subjects following 

consumption of 3 or 6 g taurine/day for 8 weeks or 7 days (respectively; compared to an 

approximately g_ to 13-fold greater increase reported within 1 hour of taurine consumption) 

indicate that excess taurine is efficiently eliminated in healthy subjects, and is unlikely to 

bioaccumulate. Due to the short half-life of taurine, its efficient excretion by the kidneys, and the 

inability of exogenous taurine to influence tissue concentrations, the likelihood that taurine will 

influence normal physiological processes is limited. 

Taurine is of low acute oral toxicity, with LDso values of >1 ,000 to >7,000 mg/kg body weight 

reported in rats and mice. An oral NOAEL of 2,500 mg/kg body weight/day was determined 

based on a lack of adverse effects reported in an 18-month study in which male and female rats 

were given diets providing up to 2,500 mg taurine/kg body weight/day (Takahashi eta/., 1g72a). 

This NOAEL is supported by a NOAEL of 5,000 mg/kg body weight/day, reported in male rats 

following 8 weeks of dietary administration (Hwang eta/., 2000), and also by NOAELs of 1,000 
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and 1,656 mg/kg body weight/day, reported by EFSA (2009) and the SCF (1999, 2003) based 

on a lack of adverse pathological or neurological effects (respectively) reported in 2 unpublished 

13-week oral studies in rats (WIL, 2001; WIL, undated- 42306). No clear evidence of 

reproductive or developmental toxicity attributable to taurine at doses up to 6.42 g/kg body 

weight/day was reported in the identified studies in mice, rats, or cats. Results of genotoxicity 

assays are consistently negative, and the SCF (1999, 2003) concluded that the available 

toxicological studies did not indicate any potential for genotoxicity, teratogenicity, or 

carcinogenicity. 

The SCF (2003) reported that a potential for additive interactions between taurine and caffeine 

may exist, given that the 2 compounds have been reported to exert stimulatory effects on the 

central nervous system and diuretic effects on the kidneys. However, the SCF (2003) reported 

also that taurine might mitigate the cardiovascular effects of caffeine. EFSA (2009) concluded 

that the reported stimulatory, diuretic, and natriuretic effects of energy drinks are not likely 

attributable to taurine, and that a lack of increased brain taurine concentrations in a 14-day rat 

study "largely rules out the possibility of stimulatory effects from taurine at the level of the 

central nervous system". 

Comprehensive reviews of the published literature characterizing the consumption of taurine by 

humans (including studies conducted in healthy adults, and adults and children with various 

health conditions) have been conducted (SCF, 2003; Shao and Hathcock, 2008; EFSA, 2009). 

Based on the available human data, Shao and Hathcock (2008) determined an OSL of 

3,000 mg taurine/day. Using the identified NOAELs of 1 ,000 and 1,5002 mg taurine/kg body 

weight/day [determined based on the results of the 13-week studies conducted by WIL (2001, 

undated)], EFSA (2009) calculated margins of safety of 102 and 43 for mean and 951
h percentile 

consumption of taurine from energy drinks only (i.e., 8.3 and 23.3 mg/kg body weight/day, 

respectively, for a 60-kg individual). Given that taurine is endogenous in humans, EFSA (2009) 

concluded that the calculated margins of safety are sufficiently large to rule out safety concerns 

with respect to consumption of taurine at estimated intakes from energy drinks. 

Among the human studies identified, no adverse effects attributable to taurine were reported in 

subjects (with normal kidney function) consuming up to 20 g taurine/day for up to 6 weeks, or up 

to approximately 9 g taurine/day for 7 weeks to 1 year. In 1 study conducted in patients on 

chronic hemodialysis for renal failure, high doses of taurine (1 00 mg/kg body weight/day) were 

associated with vertigo and/or dizziness. These symptoms were attributed to accumulation of 

taurine in the systemic circulation and muscle tissue (due to the inability of the study subjects to 

excrete excess taurine via the kidneys), and are not expected to occur in those with normal 

kidney function. One case of hypersensitivity to taurine above a threshold level (estimated to be 

approximately 250 to 300 mg taurine) was identified; although this individual had demonstrated 

2 Actual calculated dose of 1 ,656 mg/kg body weight/day (WIL, undated - 42306). 
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allergies to a variety of substances, this is the only reported case to date of taurine 

hypersensitivity (Stohs and Miller, 2014). 

Together, the information provided above supports the conclusion that the consumption of 

taurine under the proposed conditions of use would not be expected to produce adverse effects 

in consumers. Finally, the Expert Panel convened on behalf of lntertek and, independently and 

collectively, evaluated the data and information summarized above and concluded that the 

proposed use of taurine, produced in accordance with cGMP and meeting appropriate food­

grade specifications, is safe and suitable. Furthermore, the Expert Panel unanimously 

concluded that the proposed use of taurine is GRAS based on scientific procedures. It is also 

the Expert Panel's opinion that other qualified and competent scientists reviewing the same 

publicly available toxicological and safety information would reach the same conclusion. 

Therefore, lntertek has concluded that taurine is GRAS under the proposed conditions of use on 

the basis of scientific procedures. As such, the ingredient 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 Title 21 of the CFR. 
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Expert Panel Consensus Statement Concerning the 

Generally Recognized as Safe (GRAS) Status of Taurine for 


Use in Enhanced Water Beverages 


August15,2014 

At the request of lntertek Scientific and Regulatory Consultancy (lntertek), an Expert Panel of 

independent scientists, qualified by their scientific training and relevant national and 

international experience to evaluate the safety of food ingredients, was specially convened to 

conduct a critical and comprehensive evaluation of the available pertinent data and information, 

and determine whether the use of taurine at levels up to 45 ppm (i.e., 0.0045%) in enhanced 

water beverages (i.e., flavored water beverages with other added ingredients such as vitamins 

and minerals), providing up to 29.3 mg taurine/day, is Generally Recognized as Safe (GRAS), 

based on scientific procedures. The Expert Panel consisted of the below-signed qualified 

scientific experts: Dr. Joseph F. Borzelleca, Ph.D. (Virginia Commonwealth University School of 

Medicine); Dr. I. Glenn Sipes, Ph.D., Fellow AAAS, ATS (University of Arizona); and Dr. Gary M. 

Williams, M.D., DABT, FRCP (New York Medical College). For purposes of the Expert Panel's 

evaluation, "safe" or "safety'' indicates that there is a reasonable certainty of no harm under the 

intended conditions of use of the ingredient in foods, as stated in 21 CFR §170.3(i) (U.S. FDA, 

2013). 

The Expert Panel, independently and collectively examined a comprehensive package of 

scientific information and data pertinent to taurine compiled from the literature and other 

published sources through July 10, 2014. This information was presented in a dossier, 

"Documentation Supporting the Evaluation of Taurine as Generally Recognized as Safe (GRAS) 

for Use in Enhanced Water Beverages". In addition, the Expert Panel evaluated other 

information deemed appropriate, necessary, or pertinent, to the safety of the conditions of use 

of taurine. The data evaluated by the Expert Panel included information pertaining to the 

method of manufacture, product specifications and analytical data, the conditions of intended 

use of taurine in enhanced water beverages, dietary intake estimates for the intended use, and 

a comprehensive assessment of the available scientific literature pertaining to the safety of 

taurine. 

Following independent and collaborative critical evaluation of such data and information, the 

Expert Panel met via teleconference on August 15, 2014. The Expert Panel unanimously 

concluded that taurine, meeting appropriate food-grade specifications and manufactured in 

accordance with current Good Manufacturing Practice ( cGMP), is GRAS for use at a level of 

45 ppm in enhanced water beverages, providing up to 29.3 mg taurine/day. In combination with 

supplemental uses of taurine and background dietary intakes (i.e., up to 400 mg/day), the most 

conservative estimates of the mean and goth percentile all-user intake of taurine are 424.8 and 
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442.6 mg/day for the total population. The GRAS determination was based on scientific 

procedures, and a summary of the basis for the Expert Panel's conclusion is provided below. 

SUMMARY AND BASIS FOR GRAS DETERMINATION 

Taurine is manufactured by chemical synthesis in accordance with cGMP using safe and 

suitable food grade reagents and processing aids permitted for use in food in the United States 

(U.S.) and/or determined to be GRAS for use in the manufacture of taurine. The taurine added 

to enhanced water beverages is provided by outside suppliers and is of high purity and is 

compliant with specifications set forth by the Food Chemicals Codex (FCC, 2014), the U.S. 

Pharmacopeia (USP, 3ih edition), and the Japanese Pharmacopoeia (JP, 15th edition) 

(JP, 2006; USP, 2014). The Expert Panel considered the adherence of the taurine ingredient to 

the FCC, USP, and JP specifications for taurine to support its suitability, under its conditions of 

manufacture, for use as a food ingredient. Taurine has a shelf-life of 3 years when stored in 

sealed polypropylene bags at ambient storage conditions. The Expert Panel reviewed batch 

analyses from several lots of taurine, as provided by three manufacturers, demonstrating that 

the ingredient is manufactured in a reproducible manner and is consistently compliant with 

physical, chemical, and microbiological specifications set forth by the FCC, USP, and JP (JP, 

2006; FCC, 2014; USP, 2014). 

There are currently no regulations governing the use of taurine in food in the U.S. However, 

taurine has been determined to be GRAS for use as a flavoring agent by the Flavor and Extract 

Manufacturers' Association of the United States (FEMA) [GRAS 17 (3813)- Smith eta/., 1gg6], 

and the addition of taurine as a nutrient to hypo-allergenic soy-based infant formula at levels 

consistent with cGMP is common practice by infant formula manufacturers in the U.S. and 

globally. Taurine occurs naturally in the diet as a component of meat, poultry, seafood, and 

dairy products, with estimated background dietary intakes varying widely depending on the 

types of food consumed {i.e., ranging from 17 mg/day from lacto-ovovegetarian diets to 

400 mg/day from omnivorous diets) (Rana and Sanders, 1g86; Laidlaw eta/., 1ggo; Hayes and 

Trautwein, 1gg4 ). Dietary intake of taurine is negligible in those consuming a vegan diet. 

Taurine also is present in human milk and in infant formula at levels of 4 to 7 mg/1 00 mL, 

providing daily intakes of 8 to 14 mg/kg for a 5 kg infant consuming 1 L of infant formula or 

human milk/day (Laidlaw eta/., 1ggo; Hayes and Trautwein, 1gg4). 

The proposed use of taurine in enhanced water beverages were estimated to result in a mean 

intake of 15.g mg/day (0.24 mg/kg body weight/day) and a goth percentile intake of 2g.3 mg/day 

(0.45 mg/kg body weight/day). The individual population group with the highest estimated 

intakes resulting from the proposed food use was female adults, who displayed mean and goth 

percentile intakes of 18.7 and 33.3 mg/day {0.26 and 0.45 mg/kg body weight/day, respectively). 
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When dietary supplements containing taurine were added to the assessment, the mean intake 

in the total population increased to 24.8 (0.37 mg/kg body weight/day) while the goth percentile 

level of intake increased to 42.6 mg/day (0.61 mg/kg body weight/day). Within the highest 

consumers of taurine, (i.e., female adults), inclusion of supplement products in the assessment 

increased the mean and goth percentile intakes to 2g.3 mg/day (0.43 mg/kg body weight/day) 

and 64.0 mg/day (0.63 mg/kg body weight/day), respectively. 

In addition to the consumption of taurine from the proposed food use and supplement products, 

the contribution of the background diet to the overall intake of taurine should be considered. As 

detailed in Section 5.1, the background diet is reported to provide up to 400 mg taurine/day. 

Therefore, the most conservative estimate of the mean and goth percentile all-user intake of 

taurine from all sources (i.e., enhanced water beverages, taurine-containing supplements, and 

background diet) would be 424.8 and 442.6 mg/day, respectively, for the total population. 

Among female adults, the addition of the background dietary intakes to the estimates for the 

consumption of taurine from the proposed food use and supplement products results in mean 

and goth percentile intake estimates of 42g.3 and 464.0 mg/day, respectively. 

The National Health and Nutrition Examination Survey is a short term survey (i.e., 2 days of 

data per cycle), and can therefore overestimate long-term consumption patterns of products that 

may be consumed relatively infrequently, such as enhanced water beverages. Estimates 

derived from these data are therefore considered to represent a worst-case illustration of 

potential intakes. Additionally, the assessments generated based on the proposed use level for 

taurine are based on the assumption that all enhanced water beverages consumed contain the 

maximum indicated quantity of taurine, which also may lead to an overestimation of the impact 

of the proposed use levels on the consumption of taurine among consumers of these products. 

The Expert Panel reviewed published information characterizing the pharmacokinetics of taurine 

in rats and humans. Physiological taurine status is determined by dietary intake and from 

endogenous synthesis. In humans, taurine is considered a conditionally essential nutrient, as it 

is not synthesized at sufficient levels in newborn infants due to age-dependent expression of 

cysteine-sulfinic acid decarboxylase, the enzyme predominantly responsible for taurine 

synthesis in humans (Hayes and Trautwein, 1gg4). In humans and other mammals, 

endogenous production of taurine occurs in many tissues, including primarily the liver, brain, 

and pancreas (EFSA, 2012). As a nutrient, taurine is conjugated with bile acids in the liver, and 

also is required for cell membrane stabilization, osmoregulation, regulation of calcium flux, 

neuronal excitability, and may have anti-oxidant functions (Eudy eta/., 2013). Taurine is 

present at concentrations of 2 to 30 mM intracellularly and 35 to 100 1-1M in extracellular fluids in 

various mammalian tissues (e.g., plasma, breast milk, and cerebrospinal fluid) (Chesney, 1g85; 

Zelikovic and Chesney, 1g8g; Trautwein and Hayes, 1ggo). The total body pool of taurine has 

been estimated to range from 12 to 18 g (PDRNS, 2008). 
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Following oral exposure in rodents and humans, taurine is rapidly absorbed via a 13-amino acid 

or taurine active transport system in the small intestine (Sved eta/., 2007; Ghandforoush-Sattari 

eta/., 2010). In healthy, fasted human volunteers, maximum plasma levels of 0.47 to 

0.90 mmoi/L were attained within 1 to 2.5 hours following a taurine-rich meal or single oral dose 

of 4 g taurine (Trautwein and Hayes, 1995). Taurine has a plasma half-life of 0. 7 to 1.4 hours, 

with plasma taurine concentrations in humans reported to return to baseline within 7 hours of 

consumption (Trautwein and Hayes, 1995; Ghandforoush-Sattari eta/., 201 0). Taurine is 

therefore not expected to bioaccumulate, even in individuals consuming unusually large 

amounts of taurine on a daily basis. This is illustrated by the marginal increases in plasma 

taurine concentrations reported within 12 to 24 hours of the last dose of taurine in subjects 

consuming 3 or 6 g taurine/day for 8 weeks or 7 days (respectively) (Zhang eta/., 2004a; Rosa 

eta/., 2014). Although these increases (approximately 71 and 97% in the 7-day and 8-week 

studies, respectively) were statistically significant, they are considered to be physiologically 

marginal compared to an increase of approximately 933% reported at T max {i.e., 1.5 hours; the 

time from dosing to maximal plasma concentration) 1 hour after consumption of 4 g taurine in 

humans (Ghandforoush-Sattari eta/., 201 0). 

As taurine is a polar molecule, it is unable to cross cellular membranes. Tissue concentrations 

of taurine are under homeostatic control, with cellular uptake mediated by high-affinity, low­

capacity Na+/Cr coupled transporters (Sturman eta/., 1975). These transporters are saturated 

at normal plasma taurine concentrations, providing mechanistic support for the observation that 

tissue concentrations are not appreciably influenced by dietary intake (Sturman, 1973; 

Trautwein and Hayes, 1995; Sved eta/., 2007). Results of studies conducted in Sprague­

Dawley rats administered 14C taurine orally at doses of 30 or 300 mg/kg body weight/day for up 

to 14 days indicate that exogenous taurine does not increase total brain taurine concentrations 

beyond baseline physiological levels (Sved eta/., 2007). The European Food Safety Agency 

(EFSA) (EFSA, 2009) noted that this observation "largely rules out the possibility of stimulatory 

effects from taurine at the level of the central nervous system". Taurine is distributed to a wide 

range of tissues, with the highest concentrations observed in the muscle, heart, kidney, and 

liver; however, only a small quantity of exogenous taurine is exchanged with tissue pools. 

Radio-label studies in humans demonstrate that taurine is metabolically inert and is not subject 

to biotransformation events, with the exception of conjugation with bile acids (Sturman eta/., 

1975). Only a very small proportion of orally administered taurine {i.e., 5%) is incorporated into 

bile acids, with the majority recovered in the urine (Sturman eta/., 1975). Small quantities of 

putative bacteria-derived sulfated conjugates also have been detected in the urine of humans 

orally and intravenously administered radiolabeled taurine (Sturman eta/., 1975). Overall, the 

available data demonstrate that approximately 36 to 67% of orally administered taurine is 

rapidly absorbed from the gastrointestinal tract, following which it may be conjugated with bile 

acids and excreted through the biliary tract. Unconjugated taurine is widely distributed and 

rapidly equilibrated, with any excess taurine eliminated primarily via the kidneys. 
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Consistent with results of pharmacokinetic studies (which demonstrate that supplemental 

taurine is metabolically inert, does not appreciably influence tissue concentrations, does not 

bioaccumulate, and is rapidly excreted in the urine unchanged), results of acute, subchronic, 

and long-term toxicity studies support the safety of taurine under the intended conditions of use 

(Takahashi eta/., 1972a; Kihara eta/., 1991; SCF, 2003). This conclusion is supported in part 

by the reported oral median lethal doses of >5,000 and >7,000 mg taurine/kg body weight in 

rats and mice, respectively (Drugs in Japan, 1990; Kihara eta/., 1991 ). 

The long-term toxicity of taurine was evaluated in an 18-month study conducted by Takahashi et 

a/. (1972a}. No compound-related clinical, behavioral, hematological, or histological effects (i.e., 
the latter regarding the cerebrum, cerebellum, myocardium, spleen, pancreas, gastrointestinal 

walls, or testes) were reported in Wistar rats (9 males and 7 females/group) given diets 

containing 0, 0.5, or 5% taurine (i.e., providing reported doses of 0, 250, or 2,500 mg taurine/kg 

body weight/day, respectively). No significant effects on body weight were reported, and the 

observed decrease in ovary weight in treated females compared to controls may have been due 

to follicular enlargement (and associated increased ovary weight) observed in control females. 

Moderate dilation of bile capillaries was reported in high-dose males and females, although 

these effects were not associated with histological evidence of hepatic toxicity. A no-observed­

adverse-effect level (NOAEL) was not established by the study authors, but a NOAEL of 

5% taurine in the diet (i.e., 2,500 mg/kg body weight/day), could be determined based on the 

results of this study. 

The safety of taurine for use in enhanced water beverages is corroborated by the results of two 

13-week studies considered pivotal by EFSA (2009) and the Scientific Committee on Foods 

(SCF) (1999, 2003) in their safety evaluations for taurine. In these 2 studies [conducted in 

accordance with current Good Laboratory Practice and Organisation for Economic Co-operation 

and Development (OECD) guidelines for the testing of chemicals (Test No. 408) (OECD, 

1998a,b)], rats (20/sex/group) were administered 0, 300, 600, or 1,000 mg taurine/kg body 

weight/day (by gavage; WIL, 2001 ); or 0, 600, or 1 ,000 mg taurine/kg body weight/day (by 

gavage) or approximately 1,100 or 1,650 mg taurine/kg body weight/day (via drinking water) 

(WIL, undated). The results of these studies have been critically reviewed by the European 

Commission (EC) SCF during the Agency's evaluation of the use of taurine in energy 

beverages. 

Regarding the results of the first study (WIL, 2001 ), the SCF stated that taurine did not cause 

any persistent effects on body weight or food consumption, and the results of biochemical, 

hematological, urinalysis, and histopathological examinations were unremarkable. The results 

of functional observational battery (FOB) testing demonstrated detrimental effects on motor 

performance in high-dose animals, with marginal effects observed at the lower doses, and a 

clear effect on behavior at 1,000 mg/kg body weight/day. However, the SCF noted that similar 

effects on motor performance were not typically reported in other studies in which high doses of 
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taurine were administered intravenously or via the diet (e.g., Takahashi eta/., 1972a; Friedman 

eta/., 1983). Following consultation with the laboratory (WIL, 2001 ), the SCF determined that 

FOB testing was not conducted using an appropriate and blinded scientific design; therefore a 

second 13-week study including focused neurological endpoints was conducted (EFSA, 2009). 

In this second study (WIL, undated), no compound-related adverse effects on body weight, food 

consumption, clinical effects, or macroscopic observations were reported at any dose. In 

addition, no compound-related adverse effects on FOB parameters {i.e., home cage, handling, 

open field, sensory, neuromuscular, and physiological observations) or locomotor activity were 

reported at any dose. The methodology and results of this study were considered sufficient for 

EFSA (2009) to derive a NOAEL for taurine of 1 ,000 mg/kg body weighUday for the original 

study reviewed by the SCF in 2003 {WIL, 2001 ). A NOAEL of 1 ,656 mg/kg body weighUday 

was determined following a 13-week exposure via drinking water, based on a lack of behavioral 

effects reported in the follow-up neurological study (WIL, undated). These studies (WIL, 2001; 

WIL, undated) were the subject of multiple critical evaluations conducted by qualified scientific 

experts, and the study summaries and expert opinions have been made publically available 

(SCF, 1999, 2003; EFSA, 2009). Accordingly, the study results were considered supportive of 

the current GRAS assessment for taurine intended for use in enhanced water beverages. 

Several other repeated-dose studies were identified, in which safety parameters were reported 

upon consumption of taurine by mice, rats, and guinea pigs. Although these studies are not 

traditional toxicological studies, no significant, compound-related, physiologically relevant 

adverse effects were reported (Fujihira eta/., 1970; Cantafora eta/., 1986; Wang eta/., 1997; 

Akira et a/., 20 13). 

In the 5 reproductive and developmental toxicity studies evaluated by EFSA (2009) and the SCF 

( 1999, 2003), no evidence of developmental toxicity attributable to taurine was reported upon 

oral administration of 300 to 4,000 mg taurine/kg body weighUday to pregnant mice or rats 

during gestation {Takahashi eta/., 1972b; Yamada eta/., 1981; Friedman eta/., 1983). 

Furthermore, no adverse developmental effects attributable to taurine were reported in a 

3-generation study in which mice were continuously administered up to 7.0 g taurine/kg body 

weighUday {Takahashi eta/., 1972b), or in cats administered up to 416 mg taurine/kg body 

weighUday from 6 months prior to mating until weaning of offspring at 8 weeks of age (Sturman 

and Messing, 1992). 

In an additional recently published study, rats were given control or obesogenic diets (CD or 

OD, respectively) providing 0 or approximately 1,500 mg taurine/kg body weighUday, from 

Gestational Day 1 until weaning of offspring at 3 weeks of age (Li eta/., 2013). In this study, 

increased expression of maternal hepatic genes related to lipogenesis and inflammation was 

reported in taurine-treated dams compared to their respective controls, although these changes 

were not associated with gross or histopathological effects indicative of hepatotoxicity. Li et a/. 

(2013) reported increased neonatal mortality in pups born to CD dams supplemented with 
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taurine compared to CD controls [i.e., 1.4 ± 0.1% in the CD group compared to 7.1 ± 4.0% in the 

CO-taurine group]. No explanation was given for this observation, but it may have related to the 

small decrease in maternal body weights of the CO-taurine group relative to CD controls. No 

comparison to historical data with respect to the range of infant mortality was provided. Thus, 

the toxicological significance of the reported increase in neonatal mortality is unknown. Adverse 

effects on offspring mortality were not reported in any of the other identified studies, even upon 

administration of taurine at higher doses and/or over longer periods of time. In addition, Li eta/. 
(2013) reported no significant differences between groups with respect to litter size, pup sex 

ratio, pup body weight, or any measures of insulin resistance, inflammation, or lipid metabolism. 

Considering the overall weight of evidence and the SCF (1999, 2003} conclusion that taurine 

does not demonstrate any potential for teratogenicity, supplemental taurine intake is unlikely to 

exert adverse effects on reproductive or developmental parameters under the intended 

conditions of use. 

The absence of mutagenic or genotoxic effects reported in reverse mutation, Rec, chromosomal 

aberration, or sister chromatid exchange assays (Laidlaw eta/., 1989; Yamada eta/., 1993; 

Cozzi eta/., 1995) indicates that taurine is not mutagenic or genotoxic. Taurine's lack of 

genotoxic potential is corroborated by its long history of use, a lack of structural alerts for 

genotoxicity, its endogenous nature, and natural occurrence in the human diet. In addition, the 

SCF (1999, 2003) concluded that based on the available toxicology studies, taurine does not 

exhibit any potential for genotoxicity or carcinogenicity. 

The Expert Panel additionally evaluated a series of published studies in humans who consumed 

taurine at doses of 0.5 to 20 g/day for up to 20 weeks. These studies were conducted in healthy 

adults, and adults or children with a variety of chronic health conditions, and have been the 

subject of comprehensive and critical evaluations by Shao and Hathcock (2008) and EFSA 

(2009). Shao and Hathcock (2008} critically evaluated over 30 peer-reviewed published studies 

involving taurine consumption, and concluded that no significant adverse effects attributable to 

taurine consumption had been reported. Based on the results presented in these studies, Shao 

and Hathcock (2008) identified an Observed Safe Level (OSL1 
) of 3,000 mg taurine/day. This 

conclusion was based in part on results of the study by Zhang eta/. (2004a,b }, who reported 

that consumption of 3,000 mg taurine/day by healthy adults for 7 or 12 weeks was not 

associated with adverse effects. EFSA (2009} concluded that available data on the 

consumption of taurine by humans". ..do not give any indication of safety concern." and "Such 

information revealed that oral daily ingestion of taurine doses in the 3-6 g range for periods up 

to one year, did not produce adverse health effects", and identified an OSL of 6,000 mg/day 

(EFSA, 2012). 

1 The OSL is an estimate of safe exposure in humans, represented as the highest intake with convincing evidence of 
safety that is applied without the use of additional safety factors. 
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An updated review of the published literature was conducted by lntertek (on July 10, 2014), and 

the results of the studies identified were consistent with previous results, supporting the 

conclusion that consumption of taurine has not been associated with adverse effects. Among 

the identified human studies, no adverse effects attributable to taurine were reported in subjects 

(with normal kidney function) consuming up to 20 g taurine/day for up to 6 weeks, or up to 

approximately 9 g taurine/day for 7 weeks to 1 year. In 1 study conducted in patients on chronic 

hemodialysis for renal failure, high doses of taurine ( 100 mg/kg body weighUday) were 

associated with vertigo and/or dizziness in 2 of 4 patients tested (Suliman eta/., 2002). These 

symptoms were attributed to the inability of the study subjects to excrete excess taurine, 

resulting in an accumulation of taurine in the plasma and muscle, as would be expected for any 

compound eliminated via the kidney. Accumulation of taurine is not expected to be of concern 

in those with normal kidney function. 

One case study was identified in which an individual with known sulfite and sulfonamide 

allergies developed hypersensitivity to taurine (containing a 803 moiety) above a threshold level 

(estimated to be approximately 250 to 300 mg taurine) (Stohs and Miller, 2014). Challenge 

tests provided evidence for hypersensitivity to taurine. Although this individual had 

demonstrated allergies to a variety of substances, this is the first reported of taurine 

hypersensitivity. 

The totality of information reviewed by the Expert Panel, as described herein, was sufficient to 

support a determination that the intended use of taurine in enhanced water beverages (at up to 

45 ppm, providing up to 29.3 mg taurine/day) is safe and suitable and GRAS. Pivotal 

supporting data include the following: 

1) 	 Pharmacokinetic studies in humans and rats demonstrate that taurine is metabolically 

inactive, is rapidly excreted primarily unchanged in the urine, and does not bioaccumulate 

even when consumed in large quantities (i.e., 6 g/day). Dietary sources of taurine do not 

appreciably influence concentrations of taurine in various tissues, including the brain, for 

which transport of taurine is under homeostatic control. 

2) 	 A NOAEL of 2,500 mg/kg body weight, based on a lack of adverse effects reported in a 

long-term (18-month) dietary study in rats (Takahashi eta/., 1972a); this NOAEL is 

supported by a lack of adverse effects reported in an 8-week dietary study in which male 

rats were given diets providing up to 5,000 mg taurine/kg body weighUday (Hwang eta/., 

2000), and the NOAELs of 1,000 and 1,650 mg/kg body weighUday (the highest doses 

tested) reported in the 2 unpublished 13-week studies considered pivotal to EFSA's and the 

SCF's safety assessments of taurine (WIL, 2001; WIL, undated- 42306). 

3) 	 Negative findings in mutagenicity and genotoxicity studies, no evidence of carcinogenic 

potential, and a lack of reproductive or developmental toxicity. 
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4) 	 Available human data [including studies evaluated by the SCF (1999, 2003), EFSA (2009), 

and Shao and Hathcock (2008), and those identified in a recent search of the published 

literature] demonstrate that the OSL for taurine intake in adults with normal kidney function 

is >20 g/day. This level of intake is approximately 375 times greater than the estimated 

intake of taurine from the intended conditions of use in enhanced water beverages, and 

;::46.8 times greater than the estimated intakes of taurine from all sources including 

background dietary intakes (i.e., up to 427.3 mg/day). 

5) 	 Taurine is a common constituent of the typical U.S. diet, is present in human milk and infant 

formula, and is synthesized endogenously, with total body pools of 12 to 18 g in adults. 
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CONCLUSION 

We, the undersigned independent qualified members of the Expert Panel, have individually and 

collectively critically evaluated the data and information summarized above, as well as other 

data and information that we deemed pertinent to the safety of the proposed use of taurine in 

enhanced water beverages. We unanimously conclude that the proposed use of taurine, 

produced in accordance with current good manufacturing practice and meeting appropriate food 

grade specifications, in enhanced water beverages at levels up to 0.0045%, providing up to 29.3 

mg taurine/day, are safe and suitable and Generally Recognized as Safe (GRAS) based on 

scientific procedures. 

It is our opinion that other qualified experts would concur with these conclusions. 

(":J I 
Date 

(b) (6)

(b) (6)

 

or-
Dr. Gary M. Williams, M.D., DABT, FRCP Date 
New York Medical College 
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Appendix B 


Certificates of Analysis 
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Compounds Taurine 

B~e.~~!:~~e Local Na,!!!~ (AIIJ ~~,, .... 

Row Labels .. Average of R~~~~ .....~~!!~~~E! of Tot~l Amount 
48 
 360 400 

56 
 428 400 

59 
 412 400 

64 
 425 400 

72 
 426 400 

76 
 425.5 400 

77 
 #DIV/0! 400 

81 
 397 400 

83 
 421 400 

85 
 372 400 

96 
 408 400 

98 
 371 400 

101 
 384 400 

105 
 #DIV/0! 387 

106 
 418 381 

111 
 402 400 

112 
 #DIV/0! 392 

118 
 405 400 

119 
 421.5 	 400 

127 
 394 387 

132 
 409.5 400 

135 
 #DIV/0! 387 

139 
 406 392 

140 
 411 400 

147 
 427 400 

148 
 416 392 

152 
 393 400 

154 
 401.3333333 388.6666667 

156 
 350 386 

162 
 389.5 389.5 

169 
 412 387 

170 
 395 387 

171 
 #DIV/0! 387 

174 
 390 392 

176 
 410 387 

180 
 373 387 

187 
 407 392 

190 
 417 387 

192 
 413.5 389.5 

195 
 396 396 

197 
 386 392 

202 
 404 400 

211 
 #DIV/0! 387 

215 
 389 400 

216 
 419 381 

218 
 404.5 	 387 


Classified - Internal use 
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221 
 404 
 387 
241 
 386 
 389.5 

251 
 400 
 387 

261 
 383 
 392 

265 
 378 
 387 

275 
 426.5 
 392 

295 
 404 
 387 

328 
 #DIV/0! 
 387 

354 
 400 
 392 

425 
 428 
 392 


(~~~L~-~-"~~~ ""_________ ,,_,__~~~~---------~-~-- _________}87 
Grand-Total 402.7619048 392.9305556; 

Classified - Internal use 
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ORIGINAL 

jfJXlrfi' t lJt*'J ~;ffFili"1£1~a] 
FUCHI PHARMACEUTICAL CO., LTD OF HUANGGANG CITY 

CERTIFICATE OF ANALYSIS 


PRODUCT: TAURINe JPI51USP36 QUANTITY: ISOOOkg 

BATCH NO.: ~·YBI4QU:55 MANU DATE: NOV 26 20 !3 

REPORTED DATE: 2014/02/17 EXP DATE:NOV25,2015 

Item liSI)36 Standard JP15 Standard Results

White Crystals Or White White Crystals Or White White Crystalline
Characteristics 

Crystallim: Powder,Odorless Crystalline Powder,Odorless I Powder,Odorle'Ss 

Infrared absorption 

ldentirroation !nfwn:d Absorption Spectrum should conform Conforms

to requirement 
""''" 

pH I 4.1-5.6 5.0 

Test 

Clarity And Color 
Clear And Colorless Clear And Colorless Clear And Colorless 

OfSolution ·­
Heavy Metals 0.0,015% Max tOppm Max IOppm Max 

Chloride 0.05% Max 0.011% Max 0.011% Max 
' 

Sulphate 0.03% Max 0.010% Mnx 0.010% Ma.x 

Iron 0.003% Max tO ppm Max IOppmMax 

Ammonitun ! 0.02% Max 0.02% Ma:>; 


Easily Carbonizable 

N•) Color Develops I Colorless 

Substances 

Should conform 
Related Subtances I ConformsI to requirement 

t-oss em Deyir~g. 0.3% Max 0.20% Max 0.15% 


Residue On Ignition 
 0.3% Max 0.1% Max 0.1% 

ChrQmatc~Piitity · 0.5% Ma-:. I 0.2%Ma.x . 

Total Plate Count NMT !OOOcfufg NMT IOOOcfu/g <lOcfulg 


Yeasts And Molds 
 NMT lOOcfulg NMT lOOcfu/g 20cfulg 

Salmonella Negative Negative Conforms 

E. Coli Negative Negative Conforms 

Staphylococcus Aureus Negative/lOg Negative/! Og Conforms 


Enterobacteriaceae 
 Negatlve/g; Conforms 

Ass~y.·· 99.0-10!.0% 99.1%t'f.~' ~::, ~3:
Conclusion e Product Conforming To;IP15fUl)~l6 

·...R wer:Li dan Reporter: Xiong yan 
, .;,"',{-:;,

) ' ~l H~Of~F<~ \~~"- i
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ORIGINAL 

jf~ 1fit~*1l~/ffFilf"1£J~~ 
FUCHI PHARMACEUTICAL CO., LTD OF HUANGGANG CITY 

CERTIFICATE OF ANALYSIS 


PRODUCT: TAURINE JPl$/USPl6 , QUANTITY: !8000kg 

BATCH NO.: COOZ·YB14011:56 MANU DATE: NOV 27,2013 

REPORTED DATE: 2014/02117 EXP DATE: NOV26,20l5 

Item USP36 Standard JP l5 Standard Results 

Whitt: Crystals Or White I White Crystals Or White White Crystalline
Characteristics 

Crystalline Powder,Odorless . Crystalline Powder,Odorless Powder,Odork'Ss 

lnJT:lred absorption 
Identification Infrared Absorption Spedmm should conlbnn Conforms 

to.req uircmenl 


pH 
 I 4.1-5.6 5.0 

Test 
Clarity And Color 

Clear And Colorless Clear And Colorless Clear And Colorless
Of Solution 


Heavy Metals 
 O.QOI5% Max IOppm Max IOppm Ma.x 

Chloride 0.05% Max 0.011% Max 0.01!% Max-
Sulphate 0.03% Max 0.010% Max 0.010% Max 

Iron 0.003% Mn." lOppm Max· lOppmMax 

Ammonium I 0.02% Max 0.02% Max 


Easily Caroonizable 

No Color Develops ! Colorless

Substances 

Should conform 
Related Subtances f Conforms

to requirement 


Loss On Drying 
 0.3% Mux 0.20% Max 0,14% 


Residue On Ignition 
 OJ% Max 0.1% Mux 0.1% 

Chromatographic Purity 0.5% Max I 0.2%Max 

Total Plate Count NMT IOOOcfulg NMT I OOOcfulg <!Ocfutg
-


Yeasts And Molds NMT IOOcfulg NMT IOOcfu/g <!Ocfulg

Salmonella Negative Negative Conforms

E. Coli Negative Negative Conforms

Staphylococcus Aureus Negative/lOg Negative/ I Og Conforms

,<::.: Enterob'"''tcriaceae Negative/g Conforms-: ... :. 

A~< /: 93 99.0-10 1.()% 99.!%
" i ... '':;:·, y-Conclusion I.··. .. ,,- Product Conforming To JP 15NSP36 

'- ­

Head OfDept:Feng ~a()hopg cr:Li dun Reporter: Xiong y~n 
\ c 

.. ~ ~:-
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ORIGINAL 

11tM"iff~ ~ifi1 ~ ;ffFit-t,ff-/~a) 
FUCHI PHARMACEUTICAL CO., LTD OF HUANGGANG CITY 

CERTIFICATE OF ANALYSIS 

PRODUCT: TAURINE JPIS/USP36 v'" QUANTITY: 18000kg 
BATCHNO.:C002-YBJ401157 v­ MANU DATE: DEC22,2013 
REPORTEDDATE: 2014/03/ll EXP DATE: DEC21~2015 .,......­

Item USP36 Standard JP15 Standard Results 

Characteristics 
White Crystals Or White 

Crystalline Powder,Odorless 
White Crystals Or White 

Crystalline Powder,Odorless 

White Crystalline 
Powder,Odorless 

Identification Infrared Absorption 
Infrared absorption 

Spectrum should conform 
to requirement 

Conforms 

pH I 4.1-5.6 5.0 

Test 
Clarity And Color 

Of Solution 
Clear And Colorless Clear And Colorless Clear And Colorless 

Heavy Metals 0.0015%Max IOppm Max IOppmMax 

Chloride 0.05% Max 0.011% Max O.Oll% Max 

Sulphate 0.03% Max 0.010% Max 0.010% Max 

Iron 0.003% Max IOppm Max IOppm Max 

Ammonium I 0.02% Max 0.02%Mnx 

Easily Carbonizable 
Substances 

No Color Develops I Colorless 

Related Subtances I 
Should conform 
to requirement 

Conforms 

Loss On Drying 0.3% Max 0.20";(, Max 0.14% 

Residue On ignition 0.3% Max 0.1% Max 0.1% 

Chromatographic Purity 0.5% Max I 0.2%Max 

Total Plate Count NMT lOOOcfulg NMT lOOOcfulg <IOcfulg 

Yeasts And Molds NMT IOOcfu/g NMT IOOcfulg <IOcfulg 

Salmonella Ncgative/25g Negative/25g Conforms 

E. Coli Negative/ IOg Negative/IOg Contbrms 

Staphylococcus AW'eus Negative/! Og Negative/IOg Conforms 

Enterobacteriaceae 
.J! 

~·""' ~~ 
~:~. rHMNcgUti'IIC/g

('~\.~\\\,:· ~n:..~z '/; ~. '·'t0, 
Negative/g Conforms 

Assay Is ~~·>:> ',?~.5~tp.t :s%. 99.0-101.0% 99.0% 

Conclusion 
...... 

>X::~<:~"'" :!\.. \: :,:· l The Product Conforming To JPl5/USP36 

Head OfDcpt:Fcn~iao\g ;:;:~:~v1~jcr:Li dan Reporter: Xiong yan 

,!!_~~±~~;~{~~/ 
4113!~\c'' ' 
~ 
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Q t[l~~§\ tt ~-mi~1JD~J:f:Jistt~m 
~ .Tiangyin Huaclumg Food Additive Co. ,Ltd. 

Kt&itii!r 
Cer~ificate of ~alysis 

~=:::-:-=-:--::-:-:----::----,--:i;;n:uuoor-t 

ll \ttrcil 2014 

~Mt~f* N...., of Saapla 'l'.!l Tauriluo 4.1" aJVl Product!on ilate 01 March 2014 

111; ~ Ba«:h NO. l40:l062 ta;~EINI Analysis date Oil March 2(Jl4 

jtt tl: Qllantl ty 3000KG fll. i!i 8 JVl Report data I I March 2014 

Attn quality standard JP 15 •nd lJSP;IU :ff ~ JVl !Up date 06 Ma.rch 2017 

ft~ Discript(Oll 

11J'Jl ldonttflcation 

l'llrity 

(l)i!¥~f'l!ljf,(@);f1lfltill 
C!ari ty and color of solul i<>n 

(2} f!!.i'tt~lt Chrot~~~tvgraphic purity 

'Ht~Jl Lm•~ on drying 

:tf!!.lllt()f!!'JIJ&, Jil!.fl~Jiidf.tt~;jt 
•ool orluss or white cry stab, ur a wll it" 
•:ryslallinc po•d<>r. 

pi! Vnlutt : hoC•ccn 4. J and 5. 6 

1$1*3Jlil Re•idu<t on ignltion 

iUI~Il 

IUUM~li 

;l:;Ai~ll 

x!iViiliY 

To-Uti p.lattr eot«nt 

lluld/Y.,..st 

E. Coli 

Cullf<ma 

Salmnel!a 

(nu taQ~"u than) l!lO!lcfu/c 

•hoo driml, ccntalns not l<'ss than 99.0\ and n<>t 
!!n:"e thM JUl. 01 of C,llf,!ll,S 

oi~J/1.!&11~* 
•hita crystallin" po•d<>r 

.5.03 

<2. Spr.a 

fl.l~ 

0, Ill\ 

<!Dcfu/g 

(b) (6) (b) (6) (b) (6)
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Certificate of analvsis 

1'11140!001- I 
11 ~rch :?014 Su PIOvillC$, China 

~ tl:l~i¥~*r'il. i$:bn1fU'fflstl~ iij
~ Jiaugyin Hunehang Food Additive Co •• Ltd. 

#.fl.;:!!;fJ Naae Gf Sople '~'"!It taurine ~/"EIJl Productimt !late 07 March 2014 

lit ' Batch NO. 1'103063 lQ.IlE!Jl Analysis date 08 March 2014 

lit • QwmtitJ :lOOOJ({; :Jili!H!Jl Report date ll March 2014 

Jltl:fllll qeaiitr staadard J?15 and USP3tl ff ~ Jl E•p date 06 Matdl 2017 

t!ttt Dbcriptlon 

!JaJM Idontif'ication 

(t)ifi!lJ!!ItlJI@)'jl!fll1/!r 
Clarity lll!d colnr of solution 

Jilt! requl:resent 

aie~.~L • .lixflie!liMt.U»J!t 
e$$ or whl ~o cry•tals, or a >lti te 
llioe pmrder. 

ti!JI!: results 

fl~ffi.l'lttt~J!t 
•hhu crystalline powder 

{Z)ieil!otl!!: Chr...,.togrl\phie puritY 91. Umlivldualiiii'Urit.ies)<O. ,,_ <O. fiJi 

l~)~{tt; Chlorido <o. 005'11 

{1)i'i«iii!SI: Sulflite ~t«i'.Hno mnre than) 0. ()1[~ <O.IllO'II 

<O.O~ 

(6} .!t~.\l H•avy metals 

(0.2' 

.. Loss on dryilll! l'ill!l!t (no nnre th;m) 0. 2ft • (),Om, 

:lg~§tll Ru,.!dw •m ignltJon ::f~A!l'l!t(oo more than)!!. it. 0. 10$· 

Jmiii~ft Total )!late count ~Jii:t{R<> oore tlum} lOOOcfu/g <IOcfu/g 

Jili/IIJ!iitil Mold/Y11ast l'ifit(no 110re than} l!lOcfu/g <!Ocfu/g 

j:;~tfil f.. Coli ~llf.ft!H N<lgathe 

:k~illf Coli for. -t:~taw Nesativ• 

I Staphylne<l<!CIIS mll"i!U3 'l'Hiii Negative 

En terobo.ctur lnuae 

tJ>flOi:il S..l-wUa 

"ttl Assay !19. 0.. aod ant 

Insp chie? C·f QC chief of quaH ty Mil tc 
Notice:!. J1Jiill\'t!fi!I2P1lf~i. (It is invalid without original seal of quality management 

(b) (6) (b) (6)

ector 

(b) (6)

2. 3!Hl~*Z:iil1SifiJili'Pf, :.{'{~l!fl:H·:lilifl:fa1'f, <It cannot be copied separately without nutltoriud permission) 
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Certificate of analysis 

Fl!l40HJG7-I 
II March 2014 

~ iJ:f:J-i:!fi£ ~·~ ,rw. i~1Jn Jff~J:f:J.IU~Ul 
~ Jiangyin Uuachang Food Additive Co. ,Ltd. 

~.U.~il N"'"" of Saaplu 4'~11ll Taurine !tl"'El J9l Pro<luetion Date 07 Murch 2011 

Jll: -It Batch NO. 14030&4 ttiHIJ!II AMlysb date 0!1 llardJ 20H 

lit 1: Quantitr JIJOOKG lii!f E! J9l Report date II llarch 2014 

•t*'J11l quall ty steedard ~ and IJSr:lti 'flj J!!(( Jill Exp da~o 06 Mnr<:h 2017 

!'t~ ll!a<:Tiption 

Ji:~ Identitteatlon 

l!!!!t Purity 

en mffl(!(JAlllf!!~i!tlllllf 
Clarity ..nd color uf t:olutf"ll 

;~fl?.llltt:l~tll.~~. ~t1fl?.tili~d'1fl'/J!< 
t;o!oricss or ,.h{te (.;ry~tnJa~or n white 
crystallin" p<>lrn<•r. 

pU Value : h*Jtwuen 4. 1 and 5. 6 

(2)J?!ifl'I!J.t lnromatograpbi.;; purit.y 

{3) :lft:tM Chloride 

(1)!iiill!!tk Sui fatu 

(7)~!& Iron 

Tit9<.1: Lou on drying 

IS(~~~~ R~sldoo on igni tltm 

!1111~11: Total platu count 

...IMHJII Mold/Yeast 

};:Jiffll E.CoH 

x!iril# ColiforM 

1'il!ll1 (no more thllll} 0. 2'li 

::f(J!!lJ1 (no 1110re than) !OOOcft1/g 

1'~~(no 1110re tlum) lOO<:fu/g 

ll!J. {}'li...[fH. 01. 
whmn dried, contains not loss tMn 9\1, 0'11 and not 
ttl<lre than 101. (l'li of Ctii:NO,S 

Not Ice; 1. · JK! • (It h invali 
2. *~*'l;1il~illiVflif, :.f~Jn(lil?tJ:lM!fl¥-f, 

t1~ill.fl.f£~* 
white crystallin" flO'Ider 

4. 97 

(0.5'*. 

<O.OW\'Ii 

<O. OlO'Ii 

<0.02'11 

0.117'\ 

O.IO'Ii 

<IOcfu/g 

<lOcfu/g. 

(b) (6) (b) (6) (b) (6)
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QIANJIANG YONGAN PHARMACEUTICAL CO., LTD. 

No. 16 Zhw:e Ru~ Zekou, Qianjiang, Hl!bei, China 

Tel: 0086-723-6201"636 Fax: 0086-728"6201·797 


TAURINE STABIJLITY RESEARCH TESTING DATA 


This product stability test report is accontislg 1o CP 2000 appendix XIXC: and the pmc:eduteia confuml. 
to Medical stability test principle; 
(1) sample source: usual product 3 batch, standard product 1 batch 
(2) Batch number: 20020304, 2002030!,, 20020306, 0202006 (sta.rl4ard product) 

(3) storage packaging: two-t•oly plastic soaled packing. 
(!)effect factor testing 

(a) put the sample into op4'.ned weighing bottle, putthemimo 60'C ±2'C C011Stant-tem:p«ature Oven; 

(b) 	put the sample into opmed weighing bottle, put them into RH92.5% vess&l; 
(c) 	put the sample into opened weighing bottle, put them into illumina1ion oven which installed daylight 

lamp, under 4500Lx ±500Lx illumination condition. 
@Accelerate testing Temperature: 40,: ±2*C, RH7S%±5%, airpr~ 

@long-term testing Temperature: 2S'C: ±2'C, RH60% ± 10%, ai.tproof 
(4) testing period 

effect factor testing: 0 day, 5 days, 10 days 
Acclerate testing: 1 month. 2 months, 3 months, 6 months 
lAng-time testing: 0 month, 3 months, 6 mootbs, 9 months, 12 months, .18 months, 24 months, .36 months, 
48 months, 60 months 

(5) testing equipment: Elec:1rothennal .oonstent-remperature cultivation oven (type: 101-2A) 

Spectrophotomleter (type: WFZ800-D3B) 

Analytical Balance (Type: TG328A) 
Acidity meter ( Type: PHS-3C) 
Silica gel ~54 lamina and relevant layer analyti,cal vat 

(0) testing accorditlg as: CP 2000 section 2 

(7) testing item: appearance, assay, loss 011 drying, transmittance, relevant substance 
(8) testing result: see attached form one tc six. 
(9) examination conclusion 

(DAfter high-heat destroy the sample, compare 10 days 1o 0 day, couldn1t £.nd any obvious ~ quality 
is r&latively stable. 

@After strong ray destroy the sample. compare 10 days 1o 0 day, couldn't find any obvious changing. 
quality is r&latively stable. 
@After heave humidity destroy the smq:Je, compare 10 days and 0 day, except for some in~easWg: ofloss 
on dcying, couldn't find other obvious changing. quality is relativ&ly stable. 

@Within 6 months Accelerate testing 1h.E, sample is relatively stable. 
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@With in 48 months long-time testing 1he sample is relatively stable. 

@Still continue the long-ti.me tes1ing. 

APPENDIX: 


TABLE 1: batch 20020304 effect factor fi!Sti.ng cesult: 


Tune of Assay Loss on 
Condition appeararu:e 

preservation ( anhydrous) dtying 

Initial "White aysl:al 99.3o/o 

60'C ±2'C S days "White crystal 99.1% 

pyrogenation 10 days White aystal 99.2% 

4500Lx± S days White aystal 99.3% 

500Lx 
lOdays White aystal 99.4% 

illumination 

RH92.S% 5days Whiteaystal 99.0% 

humidity 10 days White crystal 99.1% 

transmittance 

98.9% 

99.1% 

98.9% 

99.3% 

relevant 

substance 

QuaWied 

Qualified 

Qualified 

Qualified 

"ed 

TABLE 2: batch 0202006 (standard product) e1fect factor testing cesult: , 

.
Tune a! Assay relevantLoason 

appearanceCondition transmittanCe 
( anhydtous) preservation substance~ -l 

Oday White crysti:Ll 0.14% 99.2%Initial 99.5% Qualmed!;... ' 
5 days White ayst2l 99.2% 0.11% 99.0%I 

l 
60'C±2'C Qualified I 

~ I 
White ctyiUl 99.3% 99.0% Qwlified0.0~1 pyrogenat ion 1 10 days 

\\!'bite aystal 0.13% 99.2% Qwlified99.2%4500Lx± I Sdays . ' 
500Lx 

lI I 

l lOdays White aystal Qu.alliied99.2% 0.13% 99.1% 
illumination I l 

I RH92.5% 5 days I W
­

hite crystal 99.4% 2.00-' 98.9% I QualifiedI 

,., •, 
! ; ' 

<> '<,.,_ ' >~' ',.,n ' '' ~ { ' ,' .,,', ' 
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humidity 10 days 99.3% 

TABLE 3: Batch 20020304 acceleration test and long 1Une pmervalicm: 

l 
Tune of Assay Loss on transml relevant 

Condition appearance i 

substaa:~ee \presesvatian ( anhydrous) <hying ttance 
i 

Initial Omond:t White crystal .3% 0.12% 198.9% Qualified I 
1 

Accelerate lmonth Whiteaystal l 99.2% 0.13% !99.0% Qwlli:lied I 
testing 2months White crystal 99.3% ! 0.14% 99.0% Qwlli:liild ; 

40'C ±2'C, lmontbs White aystal 
i 

99.1% 0.16% 99.2%~ 
RH75%±5% Cimontbs White crystal. 99.3% o.t8% ! 99.1% Qualified 

3montbs White crystal 99.2% 0.13% !99.2% ! Qualified 
i . 

6months White crystal 99.2% 0.14% 99.1% I Qualified l 
Long time i 

I 9months f White aystal 99.4% 0.15% I 99.2% Qualified
\ 

testing 
1 98.8% i Qualijied12montbs \Vhite crystal 99.0% 0.14% 

25"C±21:, 

RH60%± 10% 18 months White aystal 99.2% 0.16% I 99.1% I Qualified 

24months White crystal 99.3% 0.14% i 99.2% Qualified 

36montbs White crystal 99.1% 0.14% Qualmed 
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Table 4: Batch 20020305 acceleration test and long time preservation; 

I Loss on transmi relevant 
Condition lllme ofpreseiV3.1ion a~ Assay ( anhydrous) 

«hying ttance substance 
I 

Initial Wbiteaystal 99.1% Qualified 

Accelerate !months 1Whitecsysta1 99.0% Qualified 

testing 
2months Wbiteaystal ! 99.1% Qualified 

40'C±2'C, Wbiteaystal 99.1% 0,15% 9!U% Qualified 

RH75%±5% 
White aystal 2% 0,17% 99.3% Qualified 

long time 3months Whiteaystal 0.11% .9% Qualified 

testing 6months Whitecsystal 0.12% 99.1% Qualified 
1 25'C±2'C, 9months White aystal 99.3% 1o.l4% 99.0% Qualified 

RH60%± 10% 12months Whiteaystal 99.2% 0.15% 98.9% Qua1ii\ed 

18months White crystal 99.0% 0.16% 99.0% Qualified 

24months White crystal 99.1% 0.14% 99.0% Qualified 

36months White crystal .0% 0.15% 99.2% Qualified 
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TableS: batch 20020306 acceleration test and long time preservation 

i Tuneof l Assay relevant l 
Condition I ' Loss on drying transmittance 

\ preservation I appearance l 

( aohydrous) substance 

Initial Omonth White aystal 99.4% 0.10% 99.3% I Qua1iJied
I i 

accelerate J !months White ccystal 99.2% I 0.11% 99.0% [Qualified II 
testing 

2months White aystal 99.3% 0.13% 99.2% I Qua1i&d
' 

40'C±2'C, 
3m.ondls Whi.teaystal 99.3% 0.14% 99.nn. r ..... -"""ed I 

RH75%± 
99.00At ~I6months I White crystal 99.1% 0.14% 

5% 

longtime l 3months White a:ystal 99.4% l 0.11% 99.0o/o Qualified 

testing ! 6months White aystal 99.2% I 0.10% I 99.2% Qualliied 
25'C ±2'C, 

9months 

I 
'White aystal 99.2% 0.12% 99.2% Qualiiied 

RH60%± -
12montbs White crystal 99.1% 0.13% -! 99.1% Qualified 

10% 

Ii 18months White crystal 99.3% 0.15% 99.0% QuaWied 

• 

24months White crystal 99.3% 0.16% I 99.2% Qualified 

36months White crystal 99.0% 0.16% 99.1% Qualified 
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Table6: hatch 0202006 acceleration test and long tUne preservation 

\.-.. I nme of l 
• Condition I I appearance 

1 

1 
1 presesvation I 
I I 

\ Initial Omonth !White ccystal l 
Accelerate lmonths W'hite aystal 

testing 

40'C±2'C, 

RH75%±5% 

long time 

testing 

White crystal 

3montbs White crystal l 

White aystal 

3months White aystal 

' 6montbs White CtyStal ; 

White aystal 

\ 

!Assay 
\ Loss on drying 

( anhydrous) i 

99.5% 0.14%­

99,4% 0.14% 

99.3% 0.16% 

99.4% 0.17% 

99.2% 

99.2% 0.15% 

99.4% 0.14% 

99.4% 0.1()0,1, 

99.1% 0.17%' 12mon1hs White crystal 
; 25'C ±2'C' -----rl---­

\ 

. lSmontbs White ccystal j
HH60%± 10% !----~-· . 

24rnontbs White crystal 1 

~ r­
1 

_3_6m_on_tha_l:-i-Whi--_-.te crystal 

0.1()04.99.2% 

99.0% 0.18% 

0.18%99.1% I 

relevant 
transmittance 

substance 

99.2% 1 QualiDed 

99.0% 

99.1% 

99.4% 

i 99.1% 
' 

99.2% 

99.3% 

1 99.1% 

l 98.9% Qualified 

98.9% Qualified 

DATE: AUG lcfl'. 2005 Stamp: 
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: 1<,,, > ' "~ 

CAS No.l07-35-7 

PliCidng In 25kglcamm 

date: 2616-12..02 

MANUFACTURER: QtAN.IlANO YONGAN . 
ADDRESS: NO.l6 ZHUZ:E ROAio. QIANilA~« 

"< ,,., 

~,,l ~ 

CERTIFICATEOFANM; SIS 
CEUTICAL CO.• LID 

A PHONE N0.86128 6201636 

i 
~-·-·---

--~rd ofUSP36 
..........~.,,_......._. 
TestmgDam 

~h~stics: 
j
!l,!dentlflcation; 
l 

[:!.Clarity and color ofsolution: 

I 
~lChloride: 

~white eryslallilul powder, odorless , 
: 

Positive Positive 

Clear and colorless 

O.iHi'!'4.max O.OS%max 

~wbire crystallil'tc .powd<~r, odorleM 

Positlvt t; 

<0.{)100'.4 

i 

kswfaw: (Ull4%max. (l.03%max <OJHO"Ao 

LAmm .i>. Ollltml: 

'o.!rnn: 

O.Ol%malt 

-...~----

·­
0.003%llllllt 

<(},()}$% 

<1};001% 

J 
! 

r! .Heavy metals: 20ppmmax 15pp.m max <8ppm I 
! 
j3.Arsenic: 2pp.mllllllt ·-­ <lppm 

~.Easily carbooizabte substances: 
! 

iillLoss ondtying: 

' iII. Residue on ignition: 

No cotar ~lops 

0.718( 10:5"C, 2 hours)max 

O.lo/..max 

O.l%(lOS"C. 3hours)max 

0.3%max 

Colourless 

O.l1l"J\ 

0.06% 

lt:t~~· 
i 
:1 ;tASSllf ~-~0\18:}: 

·­-
98.5%mf:n 

0.5%max 

98.5%"'-1Ol.S% 

<0.,% 

99J.% 

14.Jotm plal:lt«<!ll'lt; NMr 1000/g NMT 1000/g I sst~r 

1 

!16. Yeu.st: 

NMTlOO/g 

fg 

NMr 100/g 
! 

NMTlOO/g 

<tO?!J 

<1(1/g.;' y 

I

!17. E..coli: Negative/lOg ~vellOg I Not found 

lt~ 
I 
I 
!!'#.&~ph~ aureus:-.
' 
~(}.CI.llifol'fl!;ll: 

Negativef2Sg ; 

--
NegativeflOg . 

Ne~ivdlOg 

Negative/lOg 

.. <. 

N<rtfuund 

Nm1bund 

bactc:riaceae(enrichnrent ------­ - Nq~Sg 

~~~ -""'--"····-·~.,._ -

Ctm:clusion: Comply:With JPI/(TSp36 
We hereby declare our product ~!y with QMP. IS09001:20{)8, !3022000.We hereby certifY our product is BSEITSE free. 

Autlunizer: Chuker. 

000064



P/0.: PlJU03l9l Name 

Batch sizc:36UOI<gs 

Manumt.1ure date: 2013·12..07 

"",..._._nm~~~" ~-••• ,.,~~·••••~~-~ 

! ·------~' 

T~mndard ofUSPl(i' D111ta 

~~harncteristics: Awhite erysmllim powder, odorless Awhit!; crystalline powder, odorless 

!ui.ientil'kati®: Positive In. -'•' Posmve .. 

':tC!arity Md color of oolution: Clear and color!e:ss . Plls.\1 tMllt 

p.Ch!oridc: 1 
O.Oil%ma:x 0.05o/<llllllll. <O.OIO"A. 

[~.Sulfate: I 0.014%ma:x 0.03o/<llllllll. <OJHO% 

5.Ammonium: i 0.02.%rnax - 1 <o.ots% 

G.lron: 
____,.,.._ 

0.003%msx <0.001% 
I 
i7.Heavy metals: • 2{1ppm max 15ppm max . <&ppm 

.Arsenic: 2ppm max - <Ippm 
! 
!}.Easily carbon!zable suhstanel$: No color develops Colourless 

.w.Loss ~.drying: 0,2%(105-"C, 2 OOtml)ma 0.3%(lOS"C. 3!toun)max ()JftA 

hl. Residue on ignition; 0.3%ma:x 0.07% I 
; 

:J2.R~~•··· -=--·­ 0.5%max <0.5% 

l 
il3.A~ {anb}<lfrous}: 98.5%mill 98.5%-101.5% 99.2% 

'14.Total plate count: NMT 10(1()/g NMTlOOO/g 55rg 

llt Mold:. NMT JG(lfg NMT 100/g <HYg 
;
Hi. Yeast -:· NMT lQO/g NMT !00/g <HJ,g 

I ; 

~17. E. coli: NegativeflOg Negativc/Hlg Not found ; 

Negmvei25g Notfburu!1fUlahmmeiia; 

[l9.~10COC(:us aureus: -­ ~ I Not found 

~O.Cut!IDr!ns: NeglltivcJI Og • N<nfound 
.... 

~ l .Enterobacteriaeeao:(enr!cltment ...--..-·-­ -­.. Negatlv~g 

I
!nJetbod} 

M<-m<w~-.-,.,-~···"'•'-"~~~......--·--1....-...----.~,._.-,--...,-.-i.-.w·•-·"-'-------- -----~··--~-------•>'·~'-""' 

Cc:mclus.ou-: Comply witll Jl81USP3i 
We hereby declare our product comply with GMP, IS090iH:20()8, IS022000,We hereby certify our product is BSEITSE free. 

' ' 

Authorizer. Cbet~r. Tester. 
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OF ANALYSIS 
YONGAN PHARMACEUTICAL CO., LID 

ADDRESS: N0.16 ANG, HUBEI,CHlNA PHONE N0.86 728 6201636 

Pf!J.: Pl3003191---+­
Bllll'lh No.:DllllaOoo 

201.H2-07 

' ! . ·-----·--··-···--F , 1~Studanl ofUs:r!6 Data 

'ctmracteristk:3: A. white ·eryallint powder, odmle5S A white ~line 
i 

~ :&J¢¢ntifimion; · Po~ !'~1.1-h.Clarity lllllf color ofsolution: Clear and colorl= - Pass test J 
' I:3.Chloride: O.Oll~>max 0.05o/<IIU!Il( <0.010% 

~Ululfute: 0.014%m!!lt 0.03%max. <0.010"10 
) 

b.Ammonium: (}.02o/<mW: . - <O.tH5% 

~.Jron: 
' 

I--·--~ 0.003%m!IX <O.OOt% 
' : l 
:?.Heavy metals: 20ppmmax lSppmmax <l!Pf>ITI 

'I :8.Amenic: Zppm~ --.---­ <lppm l 

9.Easily caroonlzltble su~ Nooolorc~ --­
ir~-rl.,....,, 0.2%{105'C.2~ O.l'l't.(lOS'C, 3bOUB}mas 

!H. R~ oo ignition: O,lo/.max 0.3%1nax I o.~ 
l .· 

\11. ~ladoompoonds: ----­ 0.5%max <();.3,.-l
!13·~(~ 98.5o/nmin 98.5%-lOI.S% 99.~ 

lt4.T6'lal plate~: NMT HlOO/g NMTlOOOig 55!g; 

15. Mo:ld: NMl' 100/g NMTHlO/g I <tOfJ't' 
.· 

lin. "¥1l11St;: ..·• NMT IOOfg NMT IOOtg <Hlig I 

i 
jl7.E. coli: Neptiveil()g NegatlveilOg Notfoond 

,lltSahnone:Ua: Neptivef25g Negative/25g 

lUII'eUS: . -­ Negative/lOg ~fo~ 
~ ,;_ 

•' NegatiVe/Hig Ne~vcilOg Notiliund 

iaccae(enrichment -----·-­ ..--...... NegntiveflS~ 

u: Comply witlt JPMJ~/ 
We hereby declare our product • IS09001:200Jl.-,}S~OOO.We hereby ctlrtify our product is BSEII'SE free. 

i 'j';:!:;
Authorizer. Chetbr. 1 ·' 'K ~ 

,_,;.~ ,i 
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