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May 17,2007 

BY HAND DELIVERY 

Office of Food Additive Safety (HFS-255) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740 

Re. Generally Recognized as Safe (“GRAS”) Notice for Green Tea Catechin - Kao 
Comoration 

Dear Sir or Madam: 

Pursuant to 62 Fed. Reg:. 18938 (April 17, 1997), and on behalf of our client Kao Corporation 
(“Kao”), of Tokyo, Japan, enclosed please find a GRAS Notice for Green Tea Catechin 
(“GTC”). Kao has determined that GTC is GRAS for use as a natural extract in beverages, 
including bottled teas, sports drinks, carbonated soft drinks, and juice, based on scientific 
procedures among experts qualified by scientific training and expertise. This determination is 
supported by a long history of safe use of green tea and its extracts and the opinion of an outside 
panel of experts qualified by scientific training and experience to evaluate the safety of GTC as a 
food ingredient. 

On December 15,2006, Kao met with several FDA officials from the Office of Food Additive 
Safety, Division of Biotechnology and GRAS Notice Review, to discuss the subject GRAS 
Notice. Several recommendations and information requests were set forth by FDA at this 
meeting. These recommendations and requests are listed below, followed by references to where 
they are addressed in the enclosed G U S  Notice. 

1. Identification of polyphenols contained in GTC: The quantity and identity of the 
polyphenols contained in Kao’s GTC are specified in Section IILE, “Typical Product 
Characteristics.” 
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2. 

3. 

4. 

5. 

6 .  

Contaminants from the extraction process: The product specifications, including 
components other than GTC, are listed in the product specifications in Section IKC, 
“Specification for Green Tea Catechin.” 

Stability: Stability data are provided in Section III.F, “Stability of GTC.” 

Potential effects of GTC on metabolic enzymes: A discussion of the published literature 
findings on fhe effects of GTC on metabolic enzymes is provided in Section VI.D., 
“Potential Interactions between Green Tea Catechin and Marketed Drugs.” 

Catechin consumption from ingesting green tea: Estimated catechin consumption in the 
U S .  population from ingesting green tea is provided in Table 4, Section V.C.2, “Catechin 
Monomer Content Levels.” 

Source of tannase enzyme. The tannase IS derived from Aspergillus oryzea (see Appendix 
GI. 

Please do not hesitate to contact me if there are any questions or further information is required. 

Sincerely, 

Stephen Paul Mahinka 
Counsel for Kao Corporation 

Enclosure 
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I. GENERALLY RECOGNIZED AS SAFE (“GRAS”) CLAIM OF EXEMPTION 
FROM THE REQUIREMENT FOR PREMARKET APPROVAL PURSUANT TO 
PROPOSED 21 C.F.R. § 170.36(~)(1) 

Kao Corporation has determined that Green Tea Catechtn is generally recognized as safe 
(“GRAS”) for the intended use, and therefore, exempt f?om the requirement for premarket 
approval. As set forth in the following sections, this determination is based on scientific 
procedures, under the conditions of its intended use in certain beverages, among experts qualified 
by scienttfic training and expertise. Therefore, the use of Green Tea Catechin in certain beverages 
as described below IS exempt 60m the requirement ofpremarket approval. 

Signed, on behalf of Kao Corporation 

Ichirou Tokimitsu 
Vice President, Global R&D - Health Care 
Kao Corporation 
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k. A. 

Kao Corporation 
2- 1-3, Bunka Sumida-ku 
TOKYO 131-8501 JAPAN 

Contact: Ichirou Tokimitsu 

Telephone: +S 1-3-5630-7263 

E-mail: tokimitsu.ichirou@kao.co.ip 

Name and Address of Notifier 

Vice President, Global R&D - Health Care 

Facimile: +S 1-3-5630-7524 

B. Name of GRAS Substance 

The ingredient proposed by Kao Corporation for classification as Generally Recognized as Safe 
(“GRAS”) is Green Tea Catechin. Green Tea Catechin (hereafter referred to as “GTC” for 
purpose of this document only) is a mixture of catechin monomers that is extracted from crude 
green tea extract. 

C. Conditions of Use 

GTC is intended for use as a natural extract in beverages, including bottled teas, sports drinks, 
carbonated soft drinks, and juice. These beverages are identified in the attached appendices 
according to their respective food codes as listed in the U S .  Department of Agriculture (“USDA”) 
1994-1996, 98 Continuing Survey of Food Intakes by Individuals (“CSFII 94-96, 98”), and these 
codes were used to calculate the Estimated Daily Intake (“EDI”) values for GTC consumption.’ 

ICI 

D. Basis for GRAS Determination 

Pursuant to 2 1 C.F.R. 5 170.30, Kao Corporation has determined that GTC is GRAS based upon 
scientific procedures and by the supportive opinion of an outside panel of experts who are qualified 
by scientific training and experience to evaluate the safety of GTC as a food ingredient (“the 
Panel”).2 The safety of GTC is supported by a number of published studies on substances that are 
substantially equivalent to Kao’s GTC, including acute, subacute, and chronic studies in rats, in 
vitro mutagenicity studies, and clinical studies of the human tolerance and nutritional effects of 
GTC. These published studies are supported by Kao’s data. Further, the safety and stability of 
GTC was favorably evaluated by the Ministry of Health and Welfare of Japan and approved for use 
in foods for specified health use (“FOSHU”) in a green tea beverage, an oolong tea beverage, and a 

1 See Appendix A, Appendix B, and Appendix C. 

&The Generally Recognized as Safe Status of Green Tea Catechin -- Opinion of an Expert Panel 
(Appendix D). The expert panel consists of: Joseph Borzelleca, Ph.D, James W Anderson, Ph D; Michael W 
Panza, Ph D 

2 

Appendix E. Qualifications of Expert Panel 
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sports drink in Japan.’ The Green tea beverage has been marketed in Japan since May 2003, the 
oolong tea beverage since March 2005, and the sports drink since May 2006. 

x.. 
E. Uses of Green Tea and Green Tea Extract 

Set forth below is a summary of information and reports of prior uses of green tea and green tea 
extract, as well as the history of use of beverages containing green tea catechins. 

1. Prior and Current Use of Green Tea 

Asian countries, especially Japan and China, have a long-standing custom of drinking green tea, a 
dietary habit that began several centuries B.C. in China. Green tea was introduced from China to 
Japan in the early Sth century and had been used as a medicine. In the 15‘h century, green tea was 
used as a beverage among the people of “high society.” The custom of drinking tea extended 
widely in civil society around the late 16’h century. At present, the tea plant is cultivated in more 
than 20 counties of Asia, Africa, and South America as one of the most favorite horticultural plants, 
analogous to coffee and cocoa? 

Green tea is now considered one of the most popular drinks in the world.s Of the total amount of 
tea consumed in the world, approximately 20% is green tea,6 and both production and consumption 
are increasing. World green tea production has been forecast to increase from 680,700 tons in 
2000 to 900,000 tons in 2010, reflecting an annual average growth rate of 2.6%.’ Green tea output 
has expanded faster at 2.5 percent over the past decade compared to 1 percent for black tea.’ 

In the U.S., Americans consumed well over 50 billion servings of tea, or over 2.25 billion gallons 
in 2005; approximately 12.5% ofthe tea consumed was green tea.9 In Canada, there has also been 

*Ir. 

Ministry of Health, Labor and Welfare, Permitfor Labeling aproduct as a Foodfor Specified Health Use 
(2003), green tea, Ministry of Health, Labor and Welfare, Permitfor Labeling aproduct as a Foodfor 
Specrfied Health Lke (2003), oolong tea, Ministry of Health, Labor and Welfare, Permitfor Labeling a 
product as a Food for Speci$ed Health Use (2003), sports drink Attached at Appendix F are both the 
original and English versions The approved specified health use states “[dlue to a high content of Tea 
Catechin, this green tea is suitable for people who are concerned about body fat.” 

Yamamoto, T , e t  a1 1997. Chemistrv and Auulications of Green Tea. CRC Press (New York) p I 

Id. at p. 13 

Mukhtar H. and Ahmad N., 2000 Tea polyphenols prevention of cancer and optimizing health. Am J Clm 
Nutr ’Il(supp1): 1698s- 1702s 

Medium-Term Outlook for Tea, Committee on Commodity Problems, Fourteenth Session of the 
Intergovernmental Group on Tea, New Delhi, India, 10-1 1 October, 2001 
( h t t ~  iiwww fa0 orclDOCR€P/MEETTNG/OO3/Yl419E HTM, accessed June X, 2006) * tonne. metric ton = 
1000 kg 

Current Market Situation and Outlook, Committee on Commodity Problems, Intergovernmental Group on 
Tea, Fifteenth Session, Colombo, Sri Lanka, IX-20 August 2003. 
(http Nwww fa0 orgleslesclcommonlecd27747 en-03 2 situation doc; accessed June X, 2006) 

http liwww teausa com/ueneral/50la cfm - Tea Fact Sheet, accessed June 6,2006. 

3 

4 

5 

6 

- 

7 

8 

9 

‘b 
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an upward trend; total sales of hot and iced tea in Canada were estimated at $267.3 million in 2000 
a significant increase since 1999, with green tea reportedly heling the growth.” 

In Europe, consumption of green tea has also increased in recent years. Consumption of green tea 
products in England increased by 87% between 2000 and 2003.” In France, green tea accounts for 
10.72% of the total sales volume.’* In Italy, “black teas are still preferred but green teas are 
becoming more and more successfuI.”” In Switzerland, sales of specialty teas have been rising 
over the past 13 years - the growth is mainly in the green tea sector, “attributed to a desire for a 
healthy life style and a calming beverage.”14 In Austria, a major tea seller, Demmer Teas, observed 
that green tea consumption grew from 5% to 26% of total sales from the mid 1990’s to the early 
part of this century.” 

\ ,< 

2. Prior Use of Green Tea Extract 

Green tea extract I S  comprised of polyphenols (catechins, flavonoids, tannins), caffeine, and other 
minor constituents. Catechin monomers are the primary component of low molecular weight 
preparations of green tea extract. 

Tea extract (which includes green tea extract), which is extracted from green tea leaves, is 
approved by the U.S. Food and Drug Administration (“FDA”) for use in food as a GRAS substance 
(i.e., natural extractives).16 Green tea extract is approved for use as a food additive in many 
countries (x, Japan, South Korea) and has been consumed for many years in the context of a 
variety of applications, including, but not limited to, beverages and dietary supplements. 

i n  

12 

i3  

14 

I S  

16 

”C . 

Market Trends ~ Green and herbal tea fuel growth of tea sales in Canada, May 15,2001, Tea Council of 
Canada. (http llwww tea caloress-trends-yreen asp”section=med~a; accessed June 8, 2006). 

“Positive research driving green tea consumption”, nutraingredients corn, 0 1/03/2005 
(http Ilwww nutraiiiyredients codnewsine asp?n=j841 I -positive-research-driving; accessed June 7,2006) 

“Tea Time in Europe,” Tea and Coffee, Volume 177, No. 1 Jan./Feb. 2003 
(httv /lwww teaandcoffee net/0103/tea htin; accessed June 6,  2006) 

- Id 

- Id 

- Id 

See 21 C F.R 3 182 20, Katsuo, K 1987 Cultural history of Tea J Food Sci 117 14-20 
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F. Availability of Information 

The data and information that serve as a basis for this G U S  determination are available for the 
FDA’s review and copying at a reasonable time at the office of: 

Morgan, Lewis and Bockius, LLP 
11 11 Pennsylvania Avenue, N.W. 
Washington, DC 20004 

Contact: Stephen Paul Mahinka, Esq. 
Phone: 202.739.5005 
Fax: 202.739.3001 
e-mail: smahinka@morganlewis.com 

Alternatively, copies of data and information can he provided upon request, by contacting 
Stephen Paul Mahinka, Esq. 

‘r, 

s 

I-WA/2651101 6 5 000013 

Exemption (b)(4)



11. IDENTITY 

A. Identity 

GTC is a natural extract from green tea leaves. It IS a brown aqueous solution with a bitter, 
astringent taste. GTC is a complex mixture of eight catechin monomers, including: catechin (“C”); 
epicatechin (“EC”); gallocatechin (“GC”); epigallocatechin (“EGC”); catechin gallate (“CG’); 
epicatechin gallate (“ECG”); gallocatechin gallate (“GCG”); epigallocatechin gallate (“EGCG’)). 
GTC also includes caffeine, organic acids, protein and amino acids, saccharide, and ash. 

B. Chemical Abstract Service (CAS) Registry Number 

GTC has not been assigned a CAS number. 

C. Structural Formula 

CH 
Catechin (C) 

‘a- 
a- 

Epigallocatechin (EGC) 

OH 
Epicatechin (EC) 

a-l 
Gallocatechin (GC) 

CH a- a- ai 
Catechin gallate (CG) Epicatechin gallate (ECG) 

a- a- a- a- 
Gallocatechin gallate (GCG) Epigallocatechin gallate (EGCG) 
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D. Empirical Formula and Molecular Weight 

The following are the empirical formulae and molecular weights of the primary components of 
GTC: 

Catechin (C) 

Epicatechin (EC) 

Gallocatechin (GC) 

Epigallocatechin (EGC) 

Catechin gallate (CG) 

Epicatechin gallate (ECG) 

Gallocatechin gallate (GCG) 

Epigallocatechin gallate (EGCG) 

I-WAi2651101 6 7 

290.27 

290.27 

306.27 

306.27 

442.37 

442.37 

458.37 

458.37 
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B. Regulatory Status of Constituents Used in the Manufacturing Process of Green 
Tea Catechin (GTC) 

Constituent Regulatory Status 

Green tea extract (primary ingredient) 

Clay 

21 C.F.R. 5 182.20 (GRAS status for tea 
extract) 

21 C.F.R. 5 186.1256 (affirmed as G U S )  
Active carbon 

Diatomaceous earth 

Powdered cellulose 

Ethanol 

Food Chemicals Codex 5th edition, pp. 94 - 96. 

CAS NO. 7440-44-0 

Active carbon is approved for use as a food 
additive in Japan and is widely used in the 
manufacturing industry worldwide to refine 
beverages. 

Food Chemicals Codex 5'h edition, pp.137- 138. 

Natural power and calined powder, 

Flux-calmed powder, CAS # 68855-54-9 

Filtration media (Diatomaceous earth and 
perlite) is GRAS (GRN000087,2001). 

Diatomaceous earth is approved for use as a 
food additive in Japan and is widely used in the 
manufacturing industry worldwide to refine 
beverages. 

Food Chemicals Codex 5'h edition, pp.109 
110. 

CAS No.: 9004-34-6 

Powdered cellulose is approved for use as a 
food additive in Japan. 

For nearly 85 years, powdered cellulose has 
served as a food ingredient in United States. 

Food Chemicals Codex 5th edition, pp. 157- 
158. 

CAS No.: 64-17-5 

G U S  for use as a direct food substance (21 
C.F.R. 5 184.1293 

CAS NO. 61790-53-2 
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Constituent Regulatory Status 

Tannase (only in “Tannase-treated”) Food Chemicals Codex 5th Edition. 

Enzyme Commission No.: EC 3.1.1.20 

Tannase is approved for use as a food additive 
in Japan. 

Tannase is self-GRAS in the United States 
(Liptod Unilever)” 

This information was provided by the manufacturer of tannase, Kikkoman The published pivotal study 
supporting the general recognition of safety of tannase is’ Lane, RW 1997 Safety evaluation of tannase 
enzyme preparation derived from Aspergillus oyzae  Food Chem Toxicol. 35.207-2 12 

19 
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C. Specification for Green Tea Catechin (GTC)* 

Analyses for three representative batches of GTC are provided in Appendix H. 

Main ingredient Specification (percentage bv weight) 

Total catechin monomers 28 % - 90 Yo 

Polyphenols 37 % - 100% 

Other Components 

Caffeine 

Organic acids 

Protein and Amino Acids 

Saccharide 

Fiber 

Not more than 7 % 

Not more than IO % 

Not more than 10 % 

Not more than 12 % 

Not more than 1 % 

Fat 

Ash 

Microbiological 

Total plate count 

Colon bacillus 

Heavv metal 

Arsenic 

Sn 

Cadmium 

Lead 

Not more than 1 % 

Not more than 5% 

undetectable 

undetectable 

below detection limit (<0.2 ppm) 

not more than 150 ppm 

below detection limit (<0.1 ppm) 

below detection limit (<0.4 ppm) 

*Microbiological and heavy metal specifications are applied to the beverage form. 
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D. Analytical Methods 

The analytical methods used for these measurements are listed below 

Analvte 

Total Catechin monomers 

Polyphenols 

Caffeine 

Organic acids 

Protein and Amino Acids 

Saccharide 

Fiber 

Fat 

Ash 

Total plate count 

Colon bacillus 

Arsenic 

Sn 

Method 

HPLC-Method (Kao method) 

Tartaric Acid-Method (Kao method)2u 

HPLC-Method (analyzed by Japan Food Research Laboratories) 

HPLC-Method (analyzed by Japan Food Research Laboratories) 

Kjeldahl-Method (analyzed by Japan Food Research Laboratories) 

HPLC-Method (analyzed by Japan Food Research Laboratories) 

Enzymatic-gravimetric Method (analyzed by Japan Food Research 
Laboratories) 

Acid hydrolysis (analyzed by Japan Food Research Laboratories) 

Ignition at 550" (analyzed by Japan Food Research Laboratories) 

JFSL method" 

JFSL methodz2 

JFSL method2' 

JFSL method24 

~ 

*" Reagents: Ferrous tartrate solution: Dissolve lOOmg of FeS04-7H20 and 500mg of Rochelle salt in water 
and dilute to I OOml, Sorensen's phosphate buffer solution: Mix M/15 disodium hydrogenphosphate solution 
( I  1 867g Na2HP04 2H20/L) with MI15 potassium dihydrogenphosphate solution (9.073g KH2P0&) and 
adjust pH at 7 5 ;  Ethyl gallate standard solution: Pure and dried (lOO°C, lhr) ethyl gallate containing 5-25mg 
per lOOmL m 5 mg increments. 

Preparafion of Calibration Curve: Pipet into 25mL volumetric flasks 5mL aliquots of the ethyl gallate 
standard solutions Add 5mL of ferrous tartrate solution and dilute to the mark with phosphate buffer 
solution Determine absorbance of each colored solution against blank at 540nm. Absorbance of lmg of 
ethyl gallate is equal to that of 1.5mg of tea tannin (catechin) 

Measurement: Dissolve 0.5g of instant green tea ( E T )  in water and dilute to I O O m L  Pipet 5mL of IGT 
solution and 5mL of ferrous tartrate solution into 25mL volumetric flask and dilute to the mark with 
phosphate buffer solution Develop the color and determine the absorbance Read the ethyl gallate content 
from the calibration cuwe and calculate the tannin content multiplying the ethyl gallate content by 1 5 

These measurements were derived based on the methods set forth under Japanese Law Food Sanitation Law 
(2002) (Japan), pp 879-81 

These measurements were derived based on the methods set forth under Japanese Law Food Sanitation Law 
(2002) (Japan), pp 881-882 

This atomic absorption spectrometry method was derived based on the methods set forth under Japanese Law 
Food Sanitation Law (2002) (Japan), pp 844-45 

Id. 

21 

22 

23 

24 
- .., ~ 
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Analvte 

Cadmium 

Lead 

Method 

JFSL methodz5 

JFSL method26 

E. Typical Product Characteristics 

Catechins and Polyphenol Green Tea Tannase-treated 
Catechin Green Tea Catechin 
Ingredient Ingredient 
(W/W%) (W/W%) 

Total Catechin Monomers    
Polyphenols 

Polyphenols (except catechinsy 

Catechin Profile 

Gallocatechin (GC) 

Epigallocatechin (EGC) 

Catechin (C) 

Epicatechin (EC) 

Epicatechin gallate (ECG) 

Epigallocatechin gallate (EGCG) 

Gallocatechin gallate (GCG) 

Catechin gallate (CG) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Id 

This Na2C calorimetrlc method was derived based on the methods set forth under Japanese Law Food 
Sanitation Law (2002) (Japan), pp 849-50 

The additional polyphenols in GTC are primarily polymeric flavan-3-01s (proanthocyanidins) Many different 
varieties of proanthocyanidins are found in green tea and green tea extract, including: procyanidin B-2, 
procyanidin B-2 3,3’-di-O-gallate, prodelphinidin B-2 3,3’-di-O-gallate, procyanidin 8-3; procyanidin B-4, 
prodelphinidin 8-4 3’-di-O-gallate, and procyanidin C-l ( h a  K , et al. 2003 Chemlcal composition and 
function of TEA. Kogaku Publishing Co , (Tokyo) p 11) Individual proanthocyanidins are present in GTC at 
levels too low for quantification 

25 

20 

- 

27 

I-WAi2651101 6 14 



HPLC Graph of GTC: 

The followmg HPLC graphs show the chemical profile of green tea extract (raw material), Heat- 
treated GTC (or (“GTC type l), a non-heat treated version of GTC (“UT-GTC” or “GTC Type 2”) 
and a standard sample of 8 catechm monomers. As shown in the graphs below, the peak pattern of 
other polyphenols are the same for all of these preparations. Accordingly, other polyphenols m 
GTC are passed from green tea extract (raw material) to GTC and UT-GTC. Peak values of GTC 
and UT-GTC are lower compared to green tea extract. The content level of other polyphenols is 
decreased by the purification process. 

~ _ .  Graph-chart 
of HPLC -f 

Other Dolvuhenols 
-:-- 

A d  - 

- Detective 
- wavelength 

235nm - - 
3 15nm 

Green teaextract 
(Raw material) 

1 

I I- 

- 
~ .~ 

Standard samole of 
8 catechin monomers 
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The following graphs are HPLC-graphs of green tea extract, GTC, UT-GTC and Black tea. Peak 
patterns of other polyphenols are nearly identical, thus, it is clear that the other polyphenols present 
m GTC are derived from tea leaves. 

Detective 
wavelength 

- 235x1111 
- 315nm 

Green tea extract 
(Raw material) 
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F. Stability of GTC 

The stability of GTC was assessed with GTC that was stored in three layers of laminated 
packaging at -20" C and normal atmospheric pressure (Kao's standard storage condition) for 
greater then one year. The substance was then evaluated and compared to the specifications of 
GTC analyzed immediately after the manufacturing process. Total catechin monomers and 
polyphenols remained almost unchanged under the standard storage conditions. 

Total 
catechin monomers 
Polyphenols 

0 months 14 months 18 months Specification 

44.2 % 44.1% 42.9% 28 % - 90 % 
51.3 % 51.8 % 51.9 % 37 Yo - 100% 

Stability data for GTC (GTC, Lot No.0310242; Run 2) 

Total I 1 I I 
0 months I 14 months I 18 months 1 Specification 

catechin monomers I 42.8 % 43.8% 42.6% 28 % - 90 % 
Polyphenols 53.5 % 52.8 % 

0 months 1 12 months I 18 months I Specification 
*r 

Total 

54.2 % I 37 % - 100% 

catechin monomers 1 62.0 % I 62.0% 

I-WAiZ651101 6 

63.2% I 2 8 % - 9 0 %  

17 

Polyphenols 66.0 % 1 66.0% 

000025 

65.6 % 1 37 % - 100% 



Total catechin monomers 

Total catechin monomers 
(Steel Can /340ml) 

(PET Bottle /350ml) 

0 months 1 month 3 months 5 months 6months 
599mg 595mg 588mg 581mg 581mg 

581mg 575mg 569mg 571mg 571mg 
(1 00%) (99%) (98%) (98%) (98%) 

(100%) (99%) (98%) (97%) (97%) 

Total catechin monomers 
(PET Bottle /350ml) 
Total catechin monomers 
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0 month 1 month 2 month 
599mg 581mg 574mg 
( 100%) (97%) (96%) 
581mg 561mg 558mg 

000026 

Total catechin monomers 
(PET Bottle /500ml) 
Total catechin monomers 
(Steel Can /480ml) 

0 months 1 month 3 months 5 months 6 months 
625mg 606mg 594mg 581mg 569mg 
(100%) (97%) (95%) (93%) (91%) 
600mg 600mg 582mg 570mg 570mg 
( 100%) (100%) (97%) (95%) (95%) 

Total catechin monomers 
(PET Bottle /500ml) 
Total catechin monomers 
(Steel Can 1340ml) 

0 months 1 month 2 months 
625mg 600mg 575mg 
( 100%) (96%) (92%) 
600mg 582mg 558mg 
( 100%) (97%) (93%) 



IV. SELF-LIMITING LEVELS OF USE 

Although no limits on the use of GTC have been established, its bitter, astrmgent taste likely would 
limit its use at high levels. 

V. ESTIMATED CONSUMPTION OF TEA CATECHIN 

A. Daily Consumption of Green Tea in Japan 

Drinking green tea is an integral part of Japanese life-style, where it is consumed in many aspects 
of daily life. Typically, Japanese people drink 1-2 cups of green tea daily. Local residents of some 
areas (e.g., Shizuoka, Saitama, and Miyagi) drink as many as IO cups of green tea daily (1000- 
1500 mg of tea catechinipersonlday).28 

Daily consumption of green tea in the U.S. is discussed In Section V.C.l below. 

B. Catechin Monomer Content of Green Tea and Other Tea Beverages 

Catechin monomers are the largest component of the low molecular weight fraction of green tea. 
The relative composition of catechin monomer content differs between green tea and fermented tea 
(].e., black tea and oolong tea), and also due to a variety of manufacturing process conditions (e.g., 
extraction, filtration, and fe rmenta t i~n) .~~ The catechin monomer levels of green tea and other tea 
beverages are provided in Table 2. 

u- 

Muramatsu, K 1991 Scrence ofTea. Asakura Pubhshing Co (Tokyo), p. 153: Imai, K. 1997. Cancer 
Prevention Effects of Drinking Green Tea among a Japanese Population, Preventive Medicine. 26. 769-775: 
Suga, K. 1998. Phase 1 clinical trial with green tea tablets m a  Japanese healthy population Cancer 
Prevention International 3. 79-88 , Sato, Y 1989. Possible contribution of green tea drinking habits to the 
preventuion of stroke Tohoku J. Exp Med. 157.337-343 

Saitou, N. 1998 Study on tea drinks. contents of catechins, caffeine, and total amino acid Report of 
Consumer Scrence Research Institute ofHyogo Prefecture 13.242. [Japanese]: Muramatsu, K 1991 Science 
ofTea Asakura Publishing Co (Tokyo), p. 153. 

28 

29 
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Table 2. Catechin Monomer Levels of Green Tea and Other Tea Beverages 

Total Catechin Monomer Content (mg/100 mL) 

Saitou, 1998* Brewed green tea (10 leaf samples) 111.17 

6.89 

15.52 

10.57 

Green tea beverage products (21 products) 

Brewed oolong tea ( I O  leaf samples) 

Oolong tea beverage products (15 products) 

* Based on data from this study, 10 cups of green tea contains 1665 mc of 
Catechin monomers. 

C. Daily Consumption of Green Tea Catechin (GTC) in the United States 

1. Green Tea Consumption 

Green tea consumption estimates for the U S .  population were derived from USDA’s 1994-96 and 
1998 Continuing Survey of Food Intakes by Individuals (“CSF I1 94-96, 98”), which is a nationally 
representative survey that collected 2-day food intake data, in addition to demographic information, 
for approximately 22,000 individuals. Only individuals with complete and reliable 2-day dietary 
records were included in the analyses (N=20,607). The 2-day average estimated green tea 
consumption in the U.S. is provided in Table 3. 
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Table 3.2-Day Average Estimated Green Tea Consumption in the U.S. 

Unweighted Weighted per-user 2-day 

 consumer^'^ 
Population % Consumers number of consumption (glday) 

Mean 90th Percentile 

US population (2+ years) 12 73% 1733 363 3 715 9 

Children 2-6 2 25% 141 129.6 237.3’ 

Children 7-12 3 63% 51 177.9 240’ 
Males 13-19 3.25% 22 430.2 711 7‘ 

Females 13-19 7.03% 45 246 7 470 7’ 

Males 20+ 12.79% 622 418 1 826 

Females 20+ 19.15% 852 348 716 2 

’ Indicates estimates are not statistically valid. The unweighted number of consumers does not meet the minimum 
sample size required to estimate intake at the 90Ih percentile 

2. Catechin Monomer Content Levels 

The levels of catechin monomer used in this analysis were obtained from the USDA Database for 
the Flavanoid Content of Selected Foods (USDA, 2003).31 Catechin monomer intakes were 
derived by combining the mean catechin concentration in green tea beverages with the tea 
consumption levels reported in Table 3. Resulting estimates are summarized in Table 4. The mean 
and 90th percentile of the distribution of catechin monomer intakes associated with green tea 
consumption were 200 mg/day and 393 rng/day, respectively, for consumers of green tea among 
the Total U.S. population. 

The estimates in the tables in this section rely on consumption data extracted from USDA’s 1994-96 & 1998 
CSFll The CSFII surveys oversample children, low income individuals, and certain ethnic and racial 
subpopulations Thus, the data generated by these surveys cannot be used as is, without adjusting for the 
differential probability of selection USDA includes in its database “sampling” weights that should he used in 
order for the summary estimates (e.g., means and percentiles) derived from the data to be representative of the 
U S population. The summary estimates that are provided in the tables in this section are derived using these 
weights. However, one needs to examine the actual number of subjects in the subpopulation of interest, or the 
“UNWEIGHTED NUMBER,” because if that number is small, then the estimate derived from the 
consumption data for this subpopulation would he unreliahle. (See page 42 of the document at: 
http iiwww ars.usda uov/SP2UserFiles/Place/12355000/udf/scs all.PDF for more details and examples) 

This puhlicly available database can be accessed at 
http iiwww nal usda govifnicifoodcomdDataiFlaviflav html. 

30 

31 

I-WAl2651101 6 21 000029 



Table 4. 2-Day Average Estimated Catechin Intake Associated with the Consumption of 
Green Tea 

Population 
Unweighted Per-user 2-day 

% Consumers number of consumption (mglday) Catechin . - .. 

Mean 90th Percentile consumers 

Total Catechins 200 393 
(+)-Catechin 10 20 

us (-)-Epigallocatechin 34 67 
population (-)-Epicatechin 12 73% 1733 16 32 
(2+ Years) (-)-Epicatechin 3-gallate 44 86 

(-)-Epigallocatechin 3-gallate 96 189 
(+)-Gallocatechin 0 0 

Total Catechins 71 130 
(+)-Catechin 4 7 
(-)-Epigallocatechin 12 22 

2 25% 141 6 11 (-)-Epicatechin 
(-)-Epicatechin 3-gallate 16 28 
(-)-Epigallocatechin 3-gallate 34 63 
(+)-Gallocatechin 0 0 

Total Catechins 98 132 
(+)-Catechin 5 7 
(-)-€pigallocatechin 17 22 
(-)-Epicatechin 3 63% 51 8 11 
(-)-Epicatechin 3-gallate 21 29 
(-)-Epigallocatechin 3-gallate 47 63 
(+)-Gallocatechin 0 0 

Total Catechins 236 391 
(+)-Catechin 12 20 
(-)-Epigallocatechin 40 66 
(-)-Epicatechin 3 25% 22 19 32 

Children 
2-6 

7-12 

Males 
13-1 9 

(-)-Epicatechin 3-gallate 52 85 
(-)-Epigallocatechin 3-gallate 113 188 
(+)-Gallocatechin 0 0 

Total Catechins 136 259 
(+)-Catechin 7 13 
(-)-Epigallocatechin 23 44 
(-)-Epicatechin 7.03% 45 11 21 

Females 
13-19 

(-)-Epicatechin 3-gallate 30 56 
(-)-Epigallocatechin 3-gallate 65 124 
(+)-Gallocatechin 0 0 

Total Catechins 230 454 
(+)-Catechin 12 23 
(-)-Epigallocatechin 39 77 

Males 20+ (-)-Epicatechin 12 79% 622 19 37 
(-)-Epicatechin 3-gallate 50 99 
(-)-Epigallocatechin 3-gallate 110 21 8 
(+)-Gallocatechin 0 0 
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Unweighted Per-user 2-day 
Population Catechin % Consumers number of consumption (mglday) 

L .  consumers Mean 90th Percentile 
Total Catechins 191 393 ~~~ 

(+)-Catechin 10 20 
1-l-Eoiaallocatechin 37 67 _- _ .  ~, ~ , ~ ~ I ~ ~  ~~~~.~ ~~ 

Females 20+ (-)-Epicatechin 19 15% 852 16 32 
~~ ~ 

(-)-Epicatechin 3-gallate 42 86 

D. Estimated Dailv Intake of Green Tea Catechin (GTC) in the United States 

The consumption of GTC from all proposed uses was estimated using USDA CSFII 1994-1996 
and the USDA CSFII 1998. The following scenarios were used to assess the daily intake of GTC: 

Scenario 1: Consumers of all bottled tea in the U.S. will switch to proposed beverage 

Scenario 2: Consumers of sports drinks in the U.S. will switch to proposed beverage 

Scenario 3. Consumers of carbonated beverages and juices in the U.S. will switch to proposed 
beverage 

Scenario 4: Consumers of combined bottled tea, sports drinks, carbonated beverages, and 
juices in the U.S. will switch to proposed beverage 

The potential intake of GTC from each of these scenarios is present in Table 5 .  
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Table 5. Summary of the Assessment of Potential Intake of GTC 
c 

4 
Scenario 

#l. Bottled Tea 

US Pooulation (2+ years) 
Children (2 to 6 years) 
Children (7 to 12 years) 
Males (1 3 to 19 years) 
Females (1  3 to 19 years) 
Males (20+ years) 
Females (20+ years) 

#2. Sports Drinks 

US Population (2+ years) 
Children (2 to 6 years) 
Children (7 to 12 years) 
Males (13 to 19 years) 
Females (13 to 19 years) 
Males (20+ years) 
Females (20+ years) 

#3. Carbonated beverage a 
Juice 

US Population (2+ years) 
Children (2 to 6 years) 
Children (7 to 12 years) 
Males (13 to 19 years) 
Females (1 3 to 19 years) 
Males (20+ years) 
Females (20+ years) 

#4. Combined Bottled Tea, 
Sports Drinks, Carbonated 
Beverages and Juices 

US Pooulation (2+ wars) 
Children (2 to 6 years) 
Children (7 to 12 years) 
Males (13 to 19 years) 
Females (13 to 19 years) 
Males (20+ years) 
Females (20+ years) 

' Indicates estimates are not S ~ S  

Potential Intake of GT 
Mean (90th Percentile) 
mglday 

297 (5451 
148 (246) 
187 (256) 
323 (550) 
251(492) 
334 (560) 
275 (495) 

312 (761) 
I90 (321) 
252 ( 5  14) 
484 (1016) 
319 (873) 
451 (1014) 
268 (510) 

584 (1172) 
375 (697) 
489 (898) 

648 (1269) 
674 (1331) 
504 (1012) 

953 (1775) 

602 (1217) 
378 (701) 
495 (9 18) 
977 (1 792) 
666 (1278) 
701 (1372) 
517(1036) 

illv valid. The unweiehted ni - 
sample size required to estimate intake at the 90Ih percentile 

Mean (90th Percentile) 
mglkg-bwlday 

7 9 (12.0) 
5.4 (7.4) 

4.4 (7 2) 

4 2 (7.7 

4 7 (8.3) 

4.1 (7.8) 

6.5 (13.6) 
10.8 (18.8) 
7 5 (14.5) 
6.9 (15.7) 
5.9 (15 9) 
5.6(11.8) 
4.4 (7 9) 

10.2 (21.2) 
21 2 (39.7) 
14 0 (25.3) 
14.3 (26.2) 
11.5 (22.2) 
8.2 (16.3) 
76 (155)  

10.4 (21.5) 

14.2(25.6) 
14.7 (27 0) 
11.8 (22.3) 
8.5 (17 1) 
7.8 (16 0) 

21 3 (39.9) 

Unweighted Number 
of Users (% Users) 

40t (3 39) 
5St (8.87) 
47t (8.07) 
414 (9 58) 
329 (7.19) 

51t (3 64) 

14t (1.83) 
106t (2.55) 
30t (0.69) 

43' (7 50) 

15292 (84.06) 
5454 (90 27) 
1358 (88 64) 
575 (94.80) 
584 (94.02) 
3766 (83.3) 
3555 (79 53) 

16635 (84.29) 
4955 (90.92) 
1490 (87.74) 

ber of consumers does not meet the minimum 
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VI. BASIS FOR GRAS DETERMINATION 

A comprehensive search of the literature for articles on the potential toxicity of green tea and its 
catechin components was conducted by Morgan Lewis through November 1,2006. To identify 
such articles, Medline, Toxline, and The International Bibliographic Information on Dietary 
Supplements (IBIDS) were searched. Broad search terms were used for the initial searches, which 
resulted in the identification of about 3,500 abstracts. These abstracts were reviewed for their 
relevance and validity with respect to safety issues for tea catechins, resulting in the identification 
of 14 abstracts addressing: (1) pharmacokinetics and bioavaihbility; (2) green tea-induced asthma; 
and (3) mutagenicity. 

Articles falling into the following categories were not included: (1) studies evaluating efficacy; (2) 
clinical studies in populations of diseased patients; (3) pre-clinical studies in genetically-altered 
mice; (4) studies conducted in a manner inconsistent with FDA's general standards; and (5) in 
general, studies using only one of the catechins found in Kao's GTC extract. 

The following data, including a number of toxicological and metabolic studies, provide a well- 
documented basis from which to evaluate and document the safety of GTC. Published studies on 
substantially equivalent GTC extracts, and unpublished studies on Kao's GTC extract, in both 
animals and humans, provide strong evidence of the safe use of GTC as an additive to beverages 
for human consumption. 

A. Absorption, Distribution, Metabolism and Excretion (ADME) "- 

Epigallocatechin-3-gallate (EGCg), epigallocatechin (EGC), epicatechin-3-gallate (ECG), and 
epicatechin are the major green tea catechins (GTC). EGCg comprises 50-60% of green tea 
 catechin^.'^ 

Absorption of GTC into human plasma was investigated by chemiluminescence (CL)-HPLC in 
healthy subjects (n=3; non-smokers) who orally ingested 3,5, or 7 capsules of green tea extract 
corresponding to 225,375, and 525 mg EGCg and 7.5, 12.5, and 17.5 mg EGC, re~pectively.~~ 
Generally, one tea cup of green tea contains about 100 mg of catechins. Therefore, the total 
amount of EGCg and EGC provided by 3,5,  and 7 capsules of green tea extract was roughly 
comparable to that of tea catechins in 2,4, and 6 cups of green tea, respectively. Ninety minutes 
after a single oral intake, the plasma EGCg concentrations were significantly increased to 300, 
1970, and 2020 ng/mL (657,4300, and 4410 pmol/mL) in subjects who received 3,5,  and 7 
capsules of green tea extract, respectively. The plasma EGC concentrations also were significantly 
increased to 10,44, and 78 ng/mL (35, 144, and 255 pmol/mL) in subjects who received 3, 5, and 7 
capsules of green tea extract, respectively. Plasma EGCg and EGC levels before administration of 

32 Miyazawa, T., et al., 2000. Absorption and metabolism of natural antioxidants Kuguku to Seibutu 
38(2) 104-114. [Article in Japanese] 

Nakagawa, K., et al , 1997 Dose-dependent incolporation of tea catechins, (-)-epigallocatechin-3-gallate and 
(-)-epigallocatechin into human plasma Bzoscz. Biotech Biochem 61(12) 1981-1985 

33 
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the green tea extract were below the detection limit of <2 pmol/mL plasma. These results 
suggested a dose-dependent absorption of EGCg and EGC in their free forms into human plasma. 
No difference was observed for calculated percentages of absorbed amount against dosage between 
EGCg (0.2-2%) and EGC (0.2-1.3%). These data may imply that there is no difference in the 
absorption kinetics of EGCg and EGC. 

In another study, EGCg was detected by HPLC-electrochemical detector (ECD) system in the 
serum of four healthy volunteers who had ingested green tea.34 Sixty minutes after single oral 
intake of green tea extract containing 105 mg EGCg, EGCg concentrations in human serum were 
30-80 ng/mL (65-175 pmol/mL). The concentration of EGCg in the serum reached the highest 
level approximately 2 hours after ingestion of green tea, and then decreased. The highest serum 
concentrations of EGCg ranged from 63 ng/mL to 142 ngimL. Similarly, mean peak levels of 
EGCg in plasma samples from 12 healthy volunteers were measured 2 hours after ingestion of 
single doses of GTC in free or phospholipid complex form (equivalent to 400 mg EGCg), as 
determined by HPLC with coulometric dete~tor.~' The mean peak levels of EGCg were 1.84+0.29 
pg/mL (4*0.6 pM) and 0.9*0.1 pg/mL (2i0.2 pM) for phospholipid complex and free cathechins, 
respectively, and decreased slowly to approximately 0 4iO. 1 pg/mL at 6 hours. Thus, catechins 
were absorbed in higher amounts when administered as phospholipid complex, although the 
percent absorption of EGCg did not exceed 2% of the given dose 

In a study using a HPLC-coulochem electrode array detection (CEAS) method, the limits of 
detection for EGCg, EGC, ECG, and epicatechin ranged from 0.5 ng/mL to 1.5 ng/mL of plasma 
or urine." One hour after ingestion of 1.2 g of decaffeinated green tea (containing 88, 82,32, and 
33 mg of EGCg, EGC, epicatechin, and ECG, respectively), the plasma samples from four human 
volunteers contained 46-268 ng/mL (100-585 pmol/mL) EGCg, 82-206 ng/mL EGC, 48-80 ng/mL 
epicatechin. ECG was not detected in human plasma samples. Plasma EGC was mostly in the 
glucuronide form (57-71%), followed by the sulfate (23-36%), and the free (3-13%) forms. 
Plasma epicatechin was exclusively in the conjugated form, with approximately two-thirds sulfate 
and one-third glucuronide. Plasma EGCg was mostly in the sulfate form (58-72%) followed by the 
free (12-28%) and glucuronide (8-19%) forms. The maximum urinary excretion of EGC and 
epicatechin occurred at 3-6 hours after dosing. Most of the EGC and epicatechin was excreted in 
the first 9 hours. The cumulative urinary excretions in the first 24 hours were 2.8-3.2 mg EGC and 
1.6-2.3 mg epicatechin. EGCg and ECG were not detected in the urine samples. The sulfate and 
glucuronide forms of both EGC and epicatechin were present at approximately a 2: 1 ratio. Free 
EGC was present at <lYo of the conjugated form, but free epicatechin was not detected. The ratio 
of different forms of metabolites did not change in the early and late urine samples. Since plasma 
EGC was mostly in the glucuronide form and urinary excretion of EGC and epicatechin was 
mainly in the sulfate forms, it is likely that EGC glucuronide is excreted in the bile, released into 

Unno, T., et al., 1996 Analysis of (-)-epigallocatechin gallate in human serum obtained after ingesting green 
tea Biosci. Biotech Biochem 60( 12).2066-2068 

Pietta, P , et al , 1998. Relationship between rate and extent of catechin absorption and plasma antioxidant 
status Biochem. Mol BIOI Inf 46(5)395-903. 

Lee, M , et al , 1995 Analysis ofplasma and urinary tea polyphenols in human Subjects Cancer Epzdemiol 
Biomarkers Prev 4(4) 393-399. 

34 

35 

36 
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the intestine, and excreted in the feces, The total amount of excreted EGC and epicatechin was 
approximately 5 mg, accounting for 2% of the total polyphenol ingested. These data suggest that 
the major elimination pathways of tea polyphenols are via glucuronidation and sulfation. 

The pharmacokinetic parameters of GTC have been investigated in several human studies. In one 
study, 18 healthy volunteers (six subjects per dose level) were given 1.5, 3, and 4.5 g of 
decaffeinated green tea solids dissolved in 500 mL of water.37 The plasma concentrations of 
EGCg, EGC, and epicatechin reached peak levels between 1.5 and 2.5 hours and declined to 
undetectable levels after 24 hours, as determined by the HPLC-CEAS method. When the dose of 
decaffeinated green tea solids was increased from 1.5 g to 3 g, the mean maximum concentration 
(CmaX) values increased 2.7-fold for EGCg (from 120 to 326 ng/mL), 3.4-fold for EGC (from 148 
to 508 ng/mL), and 3.4-fold for epicatechin (from 55 to 189 ng/mL). The higher C,,, value for 
EGC than EGCg suggests that EGCg has a lower absorbability or a larger volume of distribution 
(Vd) than EGC. The mean area under the concentration-time curve (AUC) values, which reflect 
the extent of absorption, increased 2.5-fold for EGCg (from 897 to 2223 ng/hour/mL), 4-fold for 
EGC (from 617 to 2493 ng/hour/mL), and 3.8-fold for epicatechin (from 279 to 1059 nghour/mL). 
However, increasing the dose from 3 g to 4.5 g did not further increase C,,, or AUC values for any 
of the three catechins, suggesting a saturation phenomenon. The mean time to peak concentration 
(TmaX) for EGCg (1.6-2.7 hours) was longer than that for EGC or epicatechin (1.3-1.8 hours). T,,, 
values were not affected by the dose increase, suggesting that the dose may not affect the 
absorption and access of these tea catechins to the bloodstream. The mean half-life (tx) values 
were approximately 5 hours and 2.7 hours for EGCg and EGC, respectively, and were not affected 
by the dose increase. For epicatechin, the mean tx values decreased at higher doses (from 5.7 to 
3.2 hours). Consistent with the data described above, most of the catechins in plasma were in the 
sulfate- and glucuronide-conjugated forms Over 90% of the total urinary EGC and epicatechin 
was excreted within 8 hours. After 24 hours, EGC and epicatechin levels in the urine were below 
the detection limit. Consistent with previous observations, EGCg was not excreted in the urine. 

In another human study, the systemic availability of GTC was determined after single oral dose 
administration of EGCg and Polyphenon E (decaffeinated mixture of EGCg, EGC, epicatechin, and 
other tea polyphenols) by the HPLC-CEAS method.18 Twenty healthy volunteers (five subjects per 
dose level) were randomly assigned to 200,400,600, and 800 mg (based on EGCg content) dose 
levels. All subjects were randomly crossed-over to receive the two catechin formulations at the 
same dose level. After oral administration, plasma EGCg levels increased toward a peak and 
declined rapidly, with very low/undetectable levels at 24 hours after dosing. After EGCg versus 
Polyphenon E administration, the mean AUC values of unchanged EGCg at the 200,400,600, and 
800 mg dose levels were 22.5 versus 21.9,35.4 versus 52.2, 101.9 versus 79.7,and 167.1 versus 
161.4 minxhg/mL, respectively. The mean C,,, values of EGCg were 73.7 i 25.3, 11 1.8 * 98.6, 
169.1 * 139.6, and 438.5 * 284.4 ng/mL after a 200,400,600, and 800 mg dose of EGCg, 
respectively. Plasma EGCg levels observed after Polyphenon E administration were similar to 

Yang, C S , et a1 , 1998 
tea by human volunteers Cancer Epidemiol Biomurkers Prev 7(4).35 1-354 

Chow, H.-H S.,  et al., 2001 
administration of epigallocatechin gallate and Polyphenol E Cancer Epidemiol Biomarkers Prev 10(1).53- 
58 

Blood and urine levels of tea catechins after ingestion of different amount of green 37 

Phase I pharmacokinetic study of tea polyphenols following single-dose IS 
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those seenafter EGCg administration, with the mean C,,, values of 72.7 f 66.4,125.3 f 50.4, 
165.7 f 126.9, and 377.6 f 149.8 ng/ml at the 200,400,600, and 800 mg dose levels, respectively. 

two study treatments. The AUC and C,,, values of EGCg after the 800 mg dose of EGCg were 
significantly higher than those after the 200 mg and 400 mg doses (p<0.05). The AUC and C,,, 
values of EGCg after the 800 mg dose of Polyphenon E were significantly higher than those after 
200,400, and 600 mg doses (p<0.05). EGC and epicatechin were not detected in plasma after 
EGCg administration and were present at low/undetectable levels after Polyphenon E 
administration. High concentrations of EGC and epicatechin glucuronideisulfate conjugates were 
found in plasma and urine samples after Polyphenon E administration. EGCg was not detectable in 
the urine. The systemic availability of EGCg increased at higher doses, possibly due to saturable 
presystemic elimination of orally administered green tea polyphenols. 

In a third study, the pharmacokinetic parameters of GTC were analyzed by the HPLC-CEAS 
method after administration of a single oral dose of green tea or decaffeinated green tea(20 mg tea 
solidsikg corresponding to 195 mg EGCg, 154 mg EGC, and 45 mg epicatechin for an individual 
with a body weight of 70 kg) or EGCg (2 mg/kg) to eight healthy ~ubjects.'~ The peak plasma 
concentrations of EGCg, EGC, and epicatechin were reached in 1-2 hours in all subjects, and 
gradually reduced to undetectable levels in 24 hours. The mean C,,, values of EGCg, EGC, and 
epicatechin after a single dose of green tea were 77.9 * 22.2,223.4 f 35.2, and 124.03 f 7.86 
ng/mL, respectively, and the corresponding mean AUC values were 508.2 f 227,945.4 f 438.4, 
and529.5 f 244.4 ngxhourxml-I, respectively. The T,,, values were in therange of 1.3-1.6 hours. 
The elimination tx values of EGCg, EGC, and epicatechin were 3.4f 0.3, 1.7 i 0.4, and 2.0 + 0.4 
hours, respectively. At the time point T,,,, 0.16%, 0.58%, and 1.1% ofthe ingested doses of 
EGCg, EGC, and epicatechin from green tea administration were present in the circulating plasma. 
In the case of decaffeinated green tea administration, the values in the blood were 0.13%, 0.53%, 
and 0.71%, respectively. When pure EGCg was administered, only 0.1% of the ingested dose 
appeared in the blood at T,,, These results indicate that a lower fraction of EGCg than EGC and 
EC appears in the blood, but the EGCg has a longer tx. Considerable interindividual differences 
and variations in the pbarmacokinetic parameters were noted between repeated experiments with 
green tea, but not when EGCg was given in decaffeinated green tea or in pure form. Consistent 
with the previous reports, EGCg was mostly present in the free form in the plasma, whereas EGC 
and epicatechin were mostly in the conjugated form. Most of the conjugated catechins were in the 
glucuronide form. Over 90% of the total urinary EGC and epicatechin, almost all in the conjugated 
forms, were excreted during first 8 hours. EGCg was present in trace or undetectable amounts in 
the urine samples. Substantial amounts of 4'-0-methyl EGC metabolite, at levels higher than EGC, 
were detected in the urine and plasma. The plasma level of 4'-0-methyl EGC peaked at 1.7 f 0.5 
hours with a tm of 4.4 * 1.1 hours. It remains to be determined whether the level of 4l-0- methyl 
EGC is influenced by the polymorphism of catechol-0-methyl transferase, an enzyme that 
catalyzes the methylation of EGC.4U," Two ring-fission metabolites, (-)-5-(3',4',5'- 

\ There were no significant differences in the pharmacokinetic characteristics of EGCg between the 

^ ,  

Lee, M -J., et al , 2002. Pharmacokinetics of tea catechins after ingestion of green tea and (-)- 
epigallocatechm-3-gallate by humans. formation of different metabolites and individual variability Cancer 
Epidemiol. BzomarkersPrev l l(10 Pi 1):1025-1032. 

Weinshilboum, R M , et al , 1999. Methylation pharmacogenetics catechol 0-methyltransferase, thiopurine 
methyltransferase, and histamine N-methyltransferase. Annu Rev Pharmocol Toxicol 39 19-52 
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trihydroxypheny1)-y-valerolactone (M4) and (-)-5-(3',4'-dihydroxyphenyl)-valerolactone (M6), 
appeared in significant amounts after 3 hours and peaked at 8-1 5 hours in the unne as well as in the 
plasma." The levels of urinary M6 (5 * 2 mg) accounted for 1 1.2% of the ingested epicatechin. 
The amount of excreted M4 corresponded to 1.4% of the ingested EGC, the direct precursor of M4. 

A comparison of the pharmacokinetic parameters of EGCg from the three studies discussed above 
is shown in Table 6 below. All human studiesdemonstrated that only a small percentage (e.g., 
typically less than 1%) of the orally-ingested catechins appears in the blood. EGC and epicatechin 
appear to be more bioavailable, but the fractions of these compounds that appeared in the plasma 
are also low, and only 3.3% and 8.9%of the ingested EGC and epicatechin were excreted in the 
urine. The presence of substantial amounts of 4'4- methyl EGC, M4, and M6 in the plasma and 
urine account for some of the ingested catechins. 

b.. . 

Table 6. Comparison of the EGCg pharmacokinetics 

h- a Green tea was used; the data are for EGCg and its conjugates (analyzed together). 
Decaffeinated green tea was used; the data are for EGCg and its conjugates (analyzed together). 
EGCg tea was used; the data are for EGCg. 

Most of the ingested EGCg (i.e., >99%) apparently does not get absorbed into the blood, and the 
absorbed EGCg (0.1%) is preferentially excreted through the bile to the colon in rats!' After 
intravenous administration of decaffeinated geen  tea solution (25 mgkg  in saline) to rats, the 
highest concentration of EGCg was found in the intestine samples, and the intestinal EGCg level 
declined slowly with an estimated tx of 173 minutes as determined by the HPLC-CEAS method. 

Zhu, B T , et al., 2000. 0-Methylation of tea polyphenols catalyzed by human placental cytosolic catechol-0- 
methyltransferase. Drug Mefu Dispos 28 1024-1030. 

Lee, M -I, et a1 , 2002. Pharmacokinetics of tea catechins after ingestion of green tea and (-)- 
epigallocatechin-3-gallate by humans. formation of different metabolites and individual variability. Cancer 
Epzdemiol Biomarkers Prev 1 l(10 Pt 1).1025-1032 

Yang, C S , et al , 1998 
tea by human volunteers Cancer Epidemiol Biomurkers Prev. 7(4).35 1-354 

Chow, H -H S , et al., 2001 
administration of epigallocatechin gallate and Polyphenol E Cancer Epidemiol Biomarkers Prev 10( 1) 53- 
58.  

41 

42 

4' Blood and urine levels of tea catechins after ingestion of different amount of green 

Phase I pharmacokinetic study oftea polyphenols following single-dose 44 

'' Chen, L , et a1 , 1997 
Dispos 25(9).1045-1050 

Absorption, distnhution, and elimination of tea polyphenols in rats. Drug Mefab 
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The highest levels of EGC and epicatechin were observed in the kidney, and the levels declined 
rapidly with tx of 29 minutes and 28 minutes, respectively. Consistent with the observations in the 
plasma, the tx for EGCg was longest among the three tea polyphenols in the tissues examined. The 
AUC values of EGCg were 1.7, 0.3, and 0 4 mgxmidg in the intestine, kidney, and lung, 
respectively. The AUC values of EGC were 1.4, 1.2, and 0.9 mgxmidg in the kidney, lung, and 
intestine, respectively. The AUC values of epicatechin were 0.3, 0.1, and 0.4 mgxmin/g in the 
kidney, lung, and intestine, respectively. Thus, the AUC value of EGCg in the intestine was 4-fold 
higher than that in the kidney, but the AUC values of EGC and epicatechin in the intestine were 
similar to those in the kidney. These results suggest that EGCg is excreted mainly through the bile, 
while EGC and epicatechin are excreted through both the bile and urine. These results are in 
agreement with the observations in humans, when EGC and epicatechin, but not EGCg, were 
detected in human urine samples. Low levels of EGCg, EGC, and epicatechin were also detected 
in the liver. The liver and lung levels of EGCg, EGC, and epicatechin were generally lower than 
those in the intestine and the kidney. 

When EGCg (500 mgkg body weight in distilled water) was administered orally to rats via 
gavage, the highest distribution of EGCg was detected by CL-HPLC in the gastrointestinal 
mucosa, mainly in the small intestine (565 nmol/g), followed by the colon mucosa (68.6 nmol/g), 
liver (48.4 nmol/g), and plasma (12.3 nmol/g).46 A very low concentration of EGCg (0.5 nmol/g) 
was detected in the brain. The direct incorporation of EGCg into the intestinal mucosal cells of a 
rat that had ingested EGCg was confirmed by CL-HPLC.47 A specific maximum emission 
wavelength of 630 nm was detected in small intestinal mucosal cells in rats administered oral 
EGCg (23 mg/100 g body weight in distilled water). EGCg, EGC, ECG, and epicatechin, 
administered orally to rats (100 mg each in distilled water), were absorbed into portal blood via the 
intestinal tract as determined by the HPLC-UV method.48 When tritium-labeled EGCg ([3H]EGCg) 
was administered to mice, the radioactivity was detected in various tissues including the 
gastrointestinal tract, liver, brain, lung, heart, kidney, bone, and 

In clinical samples from humans after drinking green tea, EGCg was distributed in plasma, portal 
blood, bile, stomach mucosa, and large intestinal mucosa as shown in Table 7 below.50 

Nakagawa, K. and T Miyazawa, 1997. Absorption and distribution of tea catechin, (-)-epigallocatechin-3- 
gallate, in the rat .I Nutr Sci Vltammol. 43:679-684. 

Miyazawa, T and K Nakagawa, 1998 Structure-related emission spectrometric analysis of the 
chemiluminescence of catechins, theaflavins and anthocyanins. BIOSCI Biotech Biochem 62(4) 829-832 

Okushio, K , et al., 1996 Absorption of tea catechins into rat portal vein. BIOI Pharm Bull 19(2).326-329. 

Miyazawa, T , et al , 2000 Absorption and metabolism of natural antioxidants Kagaku to Seibutu 
38(2) 104-114 [Article in Japanese] 

Miyazawa, T., et al , 2000 Absorption and metabolism of natural antioxidants Kagaku to Seibutu 
38(2) 104-1 14 [Article in Japanese] 

46 

47 

48 

49 

50 
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Tissue 3 hours after ingestion 12 hours after ingestion 

x 

Blood plasma (ng/nL) 
Portal blood (ng/mL)* 

Bile (ng/mL) 
Gastric mucosa (ngig) 

Large intestinal mucosa (ne/e) 
* Venous blood from the right gastroepiploic vein that connects the stomach and portal vein. 

However, very large individual variation was noted in the distribution levels. Since the portal 
blood sample analyzed was venous blood from the right gastroepiploic vein that connects the 
stomach and portal vein, the detection of EGCg in this sample suggested that a portion of catechins 
was absorbed from the stomach, in addition to the upper small intestine. This is one of the reasons 
for the rapid maximum absorption time (time required to reach the maximum blood level after 
ingestion). 

In summary, ingested GTCs are mostly distnbuted in the gastrointestinal mucosa, and excreted in 
feces upon detachment from the mucosa.s1 Five to 8% of ingested GTC is absorbed within a 
relatively short time (probably from the stomach and upper small intestine), and partially 
conjugated with glucuronide and sulfate in mucoepithelial cells upon absorption. Figures 2 and 3 
below provide graphical representations of the absorption and metabolic pathways for vanous 
flavonoids, including catechins, respectively. 

4911502 (115-1229, n=4) 
5271200 (330-730, n=3) 

68+80 (6-158, n=3) 
3431127 (167-464, n=4) 

129190 (28-268, n=l 1) 
104*65 (61-201, n=4) 

6116 (56-65, n=2) 
11 1170 (50-207, n=4) 

Not analvzed 531h366 151-1015. n=6) 

Miyazawa, T., et al., 2000 
38(2) 104-1 14 [Article in Japanese] 
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Figure 2. Absorption Site, Amount, and Maximum Absorption Time of Major Dietary 
Flavonoids 

, .  
v- -.y-L-y-----l I 

*Aglycone production, ring fission, and dehydration reaction by intestinal bacteria. 
Source: Miyazawa et al. 2000. 
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Figure 3. Differences in Conjugation and Methylation due to Dietary Flavonoid Structure 
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*As glucuronide and sulfate 
Source: Miyazawa et al. 2000. 

Following absorption, GTC is transported to the liver via the portal system, resulting in the 
formation of glucuronide, sulfate and/or methyl conjugates. A portion enters blood flow as the free 
form or conjugates, and is transported to peripheral tissues. Some of the free form and conjugates 
may be contained in bile secreted by the liver and enter the enterohepatic circulation. Figure 4 
below provides a graphic representation of the absorption and metabolism of flavanoids, including 
catechins. 
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Figure 4. Absorption and Metabolic Pathway of Dietary Flavanoids 

Source: Miyazawa et al. (2000) 

Blood catechins are considered to be finally excreted in urine through the kidney. The ratio of the 
free form:sulfate:glucuronide in human blood changes depending on the catechin intake, is 
basically determined by the sulfate pool in the body, and is normally 2-3:2-3: 1. Compared to other 
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catechins, EGCg and EGC are less likely to be methylated by liver catechol 0-methyltransferase, 
which uses catechol structures as the substrate, because they possess three hydroxyl groups 
(pyrogallol structure) in the B ring 

B. Toxicologv Studies 

1. Short-term Toxicitv Studies of Green Tea Catechin (GTC) 

Due to a heat-sterilization step in the manufacture of one type of Green Tea Beverage, many of 
these studies were conducted in parallel with both a heat-treated (“HT-GTC”) and non-heat-treated 
version of Green Tea Catechin (“UT-GTC”). A number of short-term toxicity studies were 
conducted on Kao’s HT-GTC and UT-GTC. These unpublished studies are summarized in Table 
8. 
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4. Toxicology Studies on Substances Similar in Composition to Green Tea 
Catechin (GTC) 

The medical literature contains toxicity studies performed on substances similar in composition 
( i .~ . ,  substantially equivalent) to GTC (e.g., Polyphenon E, Polyphenon 70S, and Polyphenon 30). 
The relative composition of these related substances are presented below in Table 10. Study 
results are summarized in Table 11. 

Total Catechin 1 78.7 % 

Table 10. Catechin and Polyphenol Composition of Related Tea Catechin Products 
I Polyphenon 70s I Polyphenon E 1 Polyphenon 30 I Green Tea Catechin 

87.3 % 34.2% 44.4% 
Monomers 
Polyphenols 
Caffeine 

86.4 % 96 7 % No data 52 9% 
0 %  0 %  6.9% 2.6% 

Gallocatechin 6.9 % 0.0 % 2.1% 5.4% 

I-WAl2651101 6 

Epigallocatechin 1 20.1 % 
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4.8 % 9 0% 29.8% 
(EGC) 

Epicatechin (EC) 

gallate (EGCG) 
Gallocatechin 
gallate (GCG) 
Epicatechin 
gallate (ECG) 

Catechin (C) 

Epigallocatechin 

Catechin gallate 
(CG) 

2.7 % 1.0 % 0.0% 2.0% 
8.5 % 1 0 2 %  2.3% 6.8% 

42 9 % 74.8 % 17.0% 43 1% 

4 7 %  4.0 % 0.7% 1.1% 

1 2 7 %  4.9 % 2.7% 10.4% 

1.5 % 0.0 % 0.4% 1 .O% 



Table 11. Toxicology Studies on Substances Similar in Composition to Green Tea Catechin 

Watsumoto et a1 
1999 

:Polyphenon 70s) 

Faqi et al. 200 1 
:abstract] 

:Polyphenon E) 

:hang et al. 2003 

:Polyphenon E) 

Matsumoto et al. 
1999 

Polyphenon 30) 

Results of Toxicity study 

Green tea extract (Polyphenon 70s) was administered orally to rats for 6 months at 
levels of 500-2000 mgkgiday. In rats administered 2000 mg/kg/day, the weight of 
liver increased, and plasma alkaline phosphatase and GPT levels rose concomitant with 
a slight degeneration of hepatocytes observed upon histopathological examination. The 
NOAEL for green tea extract (Polyphenon 70s) was 1000 mgkgiday. 

Pregnant Sprague Dawley rats were administered Polyphenon E green tea extract orally 
by gavage on gestation on gestation days 6-15 at doses of 0, 125, 250, 500, and 1000 
mgikg hw 

No signs of maternal toxicity were observed in any treatment group, and there was no 
difference in maternal body and organ weights as compared to the vehicle control 
group. There was no evidence of developmental toxicity: resorption rates, mean litter 
size, sex ratio, fetal body weights, and fetal morphology were comparable across all 
groups. The NOAEL was determined to he 1000 mgikg bw for developmental toxicity 
(the highest dose tested) 

The following assays were conducted. bacterial mutagenesis, mouse lymphoma cell 
thymidine kinase (TK), gene mutation, the Big Blue CII transgenic mutation (both 
acute and repeated dose), and the mouse micronucleus assay. 

No significant colony revertants were observed in the bactenal assay 

A significant increase was observed in the TK assay 

Genotoxicity was ohsewed at levels of 2,000 mglkg-bwiday in mice No 
significant increases in micronucleated erythrocytes in the hone marrow of 
Swiss-Webster mice and no significant increases in cII transgene MF in the 
liver, lung, or spleen were observed at lower doses as compared with controls 

A single-dose oral of green tea extract was administered to mice at levels of 3000-6221 
mgikg (in physiological saline), and the animals were observed for 14 days. As a result 
3f the deaths observed at doses of 4320 mgikg and higher, the oral LDso was estimated 
to be 4647.29 mgikg 

[rritation of the oral mucosa also was assessed in hamster cheek pouches. Three groups 
Jf 9-10 animals each were exposed to a negative control (physiological saline), a 
Dositive control (sodium lauryl sulfate), and 50% Polyphenon 30 in water for 30 
minutes Exposure to Polyphenon 30 resulted in no irritation immediately after or 24 
iours after treatment. 

I-WAl2651101 6 50 
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C. Human Clinical Studies 

A series of short- and long-term clinical investigations examining tolerability and nutritional 
effects in humans have been conducted with substances highly similar to GTC. In all cases, 
clinical studies have demonstrated that substances highly similar to GTC are well tolerated, and no 
toxicological adverse effects were reported as a result of consumption. It is important to note, 
however, that these studies were primarily conducted to evaluate the potential weighvfat reducing 
effects of GTC. 

1. Published Studies Assessing Safetv-related Parameters After 
ConsumDtion of Substances Highly Similar to Green Tea Catechin 
(GTC) 

Many of the studies assessing the safety of GTC or highly similar substances are published in peer- 
reviewed journals. Summaries of select published studies are provided in Table 12 below (see next 
page). 
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Table 12. Summary of Published Studies Assessing Safety-related Parameters for GTC and Highly Similar Substances6' 

itudy 

qagao, T., et al A 
ireen Tea Extract 
ligh in Catchins 
<educes Body Fat and 
:ardiovascular k s k s  
n Humans [Obesrfy 
n press] 

Similarity of 
rest Substance 

Uithin 5% of 
2TC (heat 
reated) 
;pecifications for 
111 catechins 

Design/ 
Duration 

louble-blind, 
iarallel 
lontrol group 96 3 
3TC mgiday 
n=13S) 
rest group 583 
3TC mgiday 
,n=135) 
!-week run-in 
Followed by 12- 
ueek test period 

Subjects 

240 obese males 
and females 
;270 enrolled) 
Mean age 
41 7+9 9 years 
Mean BMI. 
26 8*2 0 

Primary Endpoints 

Anthropometry 
(height, body 
weight, waist 
circumference, hip 
circumference, 
body fat ratio) 
Abdominal fat 
(CT) 
Systolic blood 
pressure (SBP) 
Diastolic blood 
pressure (DBP) 
Pulse rate 

Bematologyl 
Jlinical 
Jhemistry/Other 
i t  baseline and 
:very 4 weeks 
3linical chemishy 

3H0, LDL-CHO, 
;FA, plasma 
:lucose, GOT, GPT, 
I-GTP, LDH, ALP 
3ematology. 
UBC, RBC, Hb, 
3ct. PLT 

rG, T-CHO, HDL- 

Results 

B Decreases in body weight, body mass 
index, body fat ratio, waist 
circumference, hip circumference, 
body fat mass, visceral fat area, and 
subcutaneous fat area were 
significantly greater in the catechin 
group as compared to the control 
group. 
For subjects with baseline systolic 
blood pressures of >I30 mmHg, a 
significant decrease in SBP was 
observed 

significantly greater extent in the 
catechin group vs. the control group 
There were no differences between 
the groups in any other clinical 
chemistry or hematology paramter. 
No adverse effects were reported by 
the subjects in this study 

v LDL-CHO decreased to a 

Abbreviations used in the table: GTC = green tea catechins; TC = tea catechins (type unspecified); TG = triacylglycerol, T-CHO =total cholesterol; 
HDL-CHO = high-density lipoprotein cholesterol; LDL-CHO = low-density lipoprotein cholesterol; RLP-CHO = remnant-like lipoprotein cholesterol; 
FFA = free fatty acid, FBG = fasting blood glucose, PAL1 =total plasminogen activator-I, MDA-LDL = malondialdehyde-modified LDL, BUN = 

blood urea nitrogen, IP = inorganic phosphate; GOT = glutamic oxalacetic transaminase, GPT = glutamic-pyruvic transammase; y-GTP = y-glutamic- 
pyruvic transaminase, ALB = albumin; ALP = alkaline phosphatase, LDH =lactate dehydrogenase; TP = thymidine phosphorylase; CRE = creatine, 
UA = uric acid, WBC = white blood cell count, RBC = red blood cell count, Hb = hemoglobin, Hct = hematocrit; PLT = platelets; PL = phospholipids; 
MCV = mean corpuscular volumel MCH = mean corpuscular hernoglobin, MCHC = mean corpuscular hemoglobin concentration; UIBC = unsaturated 
iron binding capacity, CPK = creatine phosphokinase; AMY = amylase; AST = aspartate aminotransferase, ALT = alanine aminotransferase, GGT = 
gamma-glutamy Itransferase 

60 
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Study 

Vagao, T., et al 
Ingestion of tea rich in 
:atechins leads to a 
 eduction in body fat 
ind malondialdehyde- 
nodified LDL in men 
4m J Clin Nutr 
2005. 81:l-8 

Tsuchida, T , et al. 
Reduction in body fat 
in humans by long- 
term mgestion of 
catechins. Progress in 

Medicine 2002 
26(11).1459-1464 

iimilarity of 
rest Substance 

Nithin 2% of 
>TC (heat 
reated) 
pecifications for 
dl catechins 

Ailthin 4% of 
iTC (heat 
reated)specifica- 
ions for all 
:atechins 

Design/ 
Duration 

Double-blind, 
parallel 
2-week run-in 
followed by 12- 
week test period 
Subjects consumed 
one 340 mL bottle 
of control or test 
beverage per day 
Control group 21.7 
GTC mg per 
beverage (oolong 
tea) (n = 18) 
Test group 689 9 
mg GTC per 
beverage (oolong 
tea) (n = 17) 
Double-blind, 
parallel 
24 weeks (dosed 
for 12 weeks, 
wash-out for 12 
weeks) 
Subjects consumed 
one 340 mL bottle 
of control or test 
beverage per day 
Control group. 126 
mg GTC per 
beverage (green 
tea-like drink) 
Test group 588 mg 
GTC per beverage 
(green tea-like 
drink) 

Subjects 

55 healthy 
nales 
Mean age’ 36 2 
tears (24-46 
tears) 
Mean weight 
control group) 
73 8 +  1 3  kg 
Mean weight 
test group) 
73 9 i 1 8 kg 

lontrol group 
31 male; 23 
,ostmenopausal 
females 
rest group: 39 
nale, 20 
3ostmenopausal 
Females 

Mean age 
[male) 42 1 
years (combined 
S‘OUPS) 
Mean age 
[female): 54.8 
years (combined 
w w s )  
Mean BMI 

’rimary Endpoints 

Anthropometry 
(height, body 
weight, waist and 
hip circumference, 
body fat ratio) 
Abdominal fat 
(CT) 

Diet diary (3 days/ 
wk at week 0, 12, 
and 24) 
Anthropometry 
(every 4 weeks): 
height, body 
weight, waist 
circumference, hip 
circumference, 
waisthip ratio, 
body fat ratio 
Abdominal fat 
(CT) (Weeks 0, 12, 
and 24) 

Hematology/ 
Clinical 
Chemistry/Other 
At baseline and 12 
weeks: 
Clinical chemistq 
TG, T-CHO, HDL- 
CHO, LDL-CHO, 
RLP-CHO, FFA, 
total ketone body, 
FBG, insulin, PAI-I, 
leptin, Vitamin A, 
BUN, Vitamin E, 
MDA-LDL, Ca, Fe, 
IP, Na, K, CI 

Weeks 0, 8, 12, 20, 
and 24 
Clinical Chemistry. 
TG, T-CHO, HDL- 
CHO, LDL-CHO, 
FFA, PL, GOT, 
GPT, y-GTP, TP, 
ALB, CRE, BUN, 
LDH, ALP, FBG, 
PAI-1, Na, K, Ca, 
CI, IP, magnesium, 
Fe 
Hematolow: 
WBC, RBC, Hb, 
Hct. PLT 

Urinalvsis: 

Results 

1 Body weight, BMI, waist 
circumference, body fat mass, and 
subcutaneous fat area were 
significantly lower in the test group 

b Changes in MDA-LDL were 
positively associated with changes in 

body fat mass and total fat area in the 
test group 

rn No other significant differences in 
clinical chemistry parameters 

B Occupational health physician 
assessments conducted every four 
weeks reported “no side effects 
related to the study.” 

D Body weight, BMI, body fat ratio, 
waist circumference, hip 
circumference, and body fat mass 
were all significantly lower in the test 
group than baseline and control, 
waist/hip ratio was significantly 
higher in the test group compared to 
baseline and control 

body fat, and subcutaneous body fat 
were all significantly reduced in the 
test group compared to baseline and 
control 
No significant differences between 
groups were observed for any 
hematologic, circulatory (pulse and 
diastolic blood pressure), or urinalysic 
parameter 

n Total abdominal body fat, visceral 
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Study 

Xsuka, K , et al 
3ffects of tea 
:atechins on body fat 
netabolism in 
vomen Jap J 
Vutritronal 
Issessment. 2001 
9(3) 365.76 

Jagao, T , et al Tea 
atechins suppress 
ccumulation of body 

I-WAl2651101 6 

Similarity of 
rest Subkance 

Within 4% of 
3TC (heat- 
reated) 
ipecifications for 
111 catechins 

Sxperiment 1 
Kithin 7% of 

Desienl 
I 

Duration 

Caffeine 81-83 mg 
GTC in each 
beverage 

Double-blind, 
parallel 
8 weeks 
Daily meals and 
exercise 
maintained; alcohol 
ingestion limited 
Control group 9.7 
mg/lOO mL TC in 
340 mL oolong tea 
beverage (33 mg 
TC per day) 

Test group’ 163 3 
mg/l 00 mL TC in 
340 mL oolong tea 
beverage (562 mg 
TC/day ) 
Caffeine 
concentration kept 
constant 

Double-blind, 
parallel 

Subjects 

(male): 26 5 
(combined 
groups) 
Mean BMI 
(female) 25.9 
(combined 
groups) 

40 women (19- 
21 per group) 
Age 22-53 
years 

Experiment 1 : 
27 healthy 
nales (8-10 per 

’rimary Endpoints 

i t  baseline and 
:very 4 weeks 
Anthropometry 
(body weight, 
waist 
circumference, hip 
circumference) 
CT (abdominal fat) 

i t  baseline and 12 
veeks 

I 

Hematology1 
Clinical 
ChemistrylOther 
glucose, protein, 
urobilinogen, ketone 
body, and protein, 
sediments if protein 
was positive 
Circulatory 
Pulse, diastolic 
blood pressure 
Daily diary 

At baseline and 8 
weeks: 
Blood chemistry 
TG, T-CHO, HDL- 
CHO, LDL-CHO, 
FFA, acetoacetic 
acid, 3 -  
hydroxybutyric acid, 
total ketonic acid, 
AMY, ALP, insulin, 
FBG, TP, ALB, y- 
GTP, GOT, GOT, 
LDH, BUN, CRE, 
UA, Fe, Ca, Mg, Na, 
K, IP, CI 
Hematoloa: 
WBC, RBC, Hb, 
Hct, MCV, MCH, 
MCHC, PLT, UIBC 

At baseline and 12 
weeks: 

Results 

Significant changes in TG, FFA, and 
ALB were observed between groups 
at various time points, but were not 
considered to he test-article-related 
because the values were not different 
from respective baselines 
Interviews with subjects “showed no 
subject complaints of a poor physical 
condition due to the intake of the test 
beveraee” - 
No significant differences between . 
groups in any anthropometric 
measurement 

test group compared to baseline 
values. waist circumference at 4 
andor 8 weeks, waisthip ratio, total 
body fat area, and visceral fat area. 
When stratified into subjects with 
BMK 22 or 222, test group exhibited 
significantly lower total fat and 
visceral fat areas when compared to 
controls 
No clinically significant changes in 
blood parameters were observed 
between groups. 
No “study-related poor physical 
condition” reported 

Statistically significant differences in 

Significant decreases in body weight 
and BMI observed in 900 mg group 
compared to control group 



i 

Study 

a t  in humans. J. Oleo 
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Similarity of 
rest Substance 

GTC (heat 
treated) 
specifications foi 
311 catechins 

Experiment 2 
Within 13% of 
STC (heat 
treated) 
rpecificatious foi 
i l l  catechins 

Experiment 3. 
Within 3% of 
STC (heat 
:teated) 
specifications foi 
ill catechins 

Refer to 
:omposition of 
Polyphenon E in 
rahle 9 above 

Design/ 
Duration 

12 or 20 weeks 
Subjects consumed 
one 340 mL bottle 
of control or test 
beverage per day 
Control group: 
101.5 mgTCper 
oolong or green tea 
beverage 
600 mg test group 
555.4 mg TC in 
oolong tea 
beverage 
900 mg group B: 
901.9 mg TC in 
oolong tea 
beverage 

Subjects instructed 
to “maintain usual 
food intake and 
constant exercise;” 
alcohol ingestion 
restricted; maintain 
diet diary 

Five groups (8 
subjects/group), 
800 mg EGCG 
once daily; 
400 mg ECGC 
twice daily; 
1070 mg of 
Polyphenon E (800 
mg ECGC) once 

Subjects 

group) 
Age: 26-52 
years 
Mean BMI: 25- 
25 2 
Experiment 2 
17 healthy 
males (X-9 per 
group) 
Age 25-48 
years 
MeanBMI 3.5- 
24 4 
Experiment 3. 
38 healthy 
males 
Age: 24-49 
years 
Mean BMI. 
24.3-34.6 

40 healthy 
subjects ( 8  
subjects/group) 
Between 2 and 4 
males in each 
group 
Mean age 34 5 
i 10 6 years 
(control), 39 5 i 

’rimary Endpoints 

Anthropometry 
(body weight, 
waist 
circumference, 
body fat ratio) 
CT (abdominal fat) 

Adverse event 
reports 
Pharmacokinetics 
Blood chemistry 

Hematology1 
Clinical 

TG, T-CHO, PL, 
FBG, insulin, GOT, 
SPT, T-GTP, AMY, 
BUN, Vitamin A, 
Vitamin E, Na, K, 
Za, CI, IP, Fe 
Hematolovy 
WBC, RBC, Hh, 
Hct, and PLT 

4t weeks 0 and 4: 
Hematology 
WBC and RBC 
Ylinical Chemistry 

IHO, LDL-CHO, 
FFA, ALP, total 
xotein, total 

rc, T-CHO, HDL- 

Results 

(1 2i1  O%,vs 00+006%, 
p=O 0440) 
Significant decrease in skinfold 
thickness (body fat ratio) compared to 
control in 900 mg group (15.lf3 3% 
versus 2.6k4 5%, p=O 015) 
Significant decreases compared to 
control in total fat area (900 mg 
group 13.8f3.6% vs 0.7i3 8%, 
p=O 0142), visceral fat area (600 mg 
and 900 mg groups 10 7f2.3% and 
13 Of4 0%, respectively vs a gain of 
12 5fX 5%, p=0.0317 and p=O.O09X, 
respectively), no change in 
subcutaneous fat area 
No significant changes in any 
hematologic or clinical chemistry 
parameters 

condition” reported 
No “study-related poor physical 

n All reported events (including excess 
gas, upset stomach, nausea, 
heartburn, stomach ache, abdominal 
pain, dizziness, headache, and 
muscle pain) were mild and not 
different in frequency and kind from 
placebo 

hematologic or clinical chemistry 
n No significant differences in 
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Similarity of 
rest Substance 

Design/ 
Duration 

daily; 
535 mg of 
Polyphenon E (400 
mg ECGC) twice 
daily; and 
p I a c e b o 
2-week placebo run 
in and 4 weeks of 
treatment with 
blood collections at 
Treatment Day 1 
md 4 weeks later 

Subjects 

10.4 (800 mg 
EGCG once 
daily), 32.4 f 
IO.  1 years 
(Polyphenon E 
once daily); 
29 4 * 10.7 
years (400 mg 
EGCG twice 
daily); and 34. I 
* 1 1  9 years 
(Polyphenon E 
twice daily) 

Mean weight. 
169 i 36 pounds 
(control); 165 + 
52 pounds (800 
mg EGCG once 
daily); 167 + 30 
pounds 
(Polyphenon E 
once daily); 160 
* 40 pounds 
(400 mg EGCG 
twice daily), 
and lSO+ 19 
pounds 
(Polyphenon E 
twice daily) 

'rimary Endpoints Hematology/ 
Clinical 
ChemistryIOther 
xlirubin, globulin, 
FBG, ALB, AST, 
4LT, GGT, LDH, 
BUN, CRE, UA, Fe, 
Za, Na, K, IP, CI 

Results 

parameters compared to placebo 
8 AUC differed significantly in the 

800 mg Polyphenon E group 
compared to the 400 mg Polyphenon 
E group only after 4 weeks repeated 
administration 

n C,.,, T,,,, and tx not significantly 
different after repeat administration 
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D. Potential Interactions Between Green Tea Catechin and Marketed Drugs 

Green tea has been reported to modulate activation and detoxification enzymes. This affect on 
detoxification enzymes raises the possibility of altering the efficacy or toxicity of marketed drugs, 
which these enzymes are responsible for metabolizing. I n  vitro and animal studies suggest that 
green tea catechins modulate expression and activation of certain members of the cytochrome P450 
(“CUP”) family. In contrast, recent studies in humans show that repeated administration of green 
tea catechins do not influence the activation of clinically significant enzyme family members - that 
is, those which are known to be responsible for the metabolism of the vast majority of drugs in the 
marketplace. Accordingly, current evidence supports the conclusion that green tea catechins do 
not affect clinically significant CYP enzymes. 

Multiple in vitro studies provide evidence for the induction of CYP enzymes by green tea catechins 
-- pnmarily induction of CYPlAl. For example, Yang and colleagues investigated the affect of 
green tea extract on mRNA expression levels of CYPs 1A1, 1A2,2C, 2E1,2D6, and 4F3. Of 
these, only CYPlAl and CYPLA2 showed an increase in niRNA expression.“’ Similarly, Williams 
et al. showed that modulation of CYPlAl expression is dependent on multiple components of the 
extract, rather than merely ECGC alone.6z Evidence from a recent study by Netsch and colleagues 
suggests that green tea catechins modulate the expression of drug-metabolizing enzymes, but non- 
specifically inhibit the function of CYP family m e m b e r ~ . ~ ~  

In addition to these in vitro data, other studies have assessed the potential to modulate the 
expression of CYP enzymes in animals. Maliakal et al. administered green tea or green tea extract 
to Wistar rats and observed an increase in both CYPlAl and CYPlA2 expression.M In another 
study, increased apoprotein levels of CYPlAl and CYP4Al were observed following 
administration of green tea to rats.” Sohn and colleagues showed that consumption of green tea by 
rats led to significant increases in the liver of rats drinking green or black tea of CYPlAl, 1A2 and 
2B1 activities, but no change in CYP2E1 and 3A4 

Notwithstanding the in vitro and animal evidence suggesting a modulatory effect of green tea 
catechins on the expression and activity of CYP enzymes, recent studies in humans provide strong 
evidence against the assertion that co-administration of green tea catechins could alter the 
metabolism and toxicity of marketed drugs. Chow and colleagues administered green tea catechins 

Yang, S P. and G.M Raner, 1998 
their modulation Toxrcol Appl Pharmacol 202(2) 140-50. 

Williams, S.N., et al , 2003 A combination of tea (Camellia Sinesis) catechins 1s required for optimal 
inhibition of induced CYPlAl expression by green tea extract J Agrrc Food Chem 51(22) 6627-34. 

Netsch, M 1 ,  et a1 , 2006. Induction of CYPlAl by green tea extract in buman intestinal cell lines PIanta 
Med 72(6):514-20 

Maliakal, P P , et. al., 2001 
Pharm Pharmacol 53.569-77 

Bu-abbas, A ,  et al , 1994 
proliferation by green tea. Carcinogenesis 15.2575-9 

Sohn, 0 S , et a1 , 1994 
male F344 rat Xenobrotica 24.1 19-27 

Cytochrome P450 expression and activivties in human tongue cells and 61 

62 

” ‘ 

Tea consumption modulates hepatic drug metabolizing enzymes in Wistar rats J M 

Selective induction ofrat  hepatic CYPl and CYP4 proteins and ofperixisomal 

Effects ofgreen tea and black tea on hepatic xenobiotic metabolizing systems in the 

65 

66 
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and a cocktail of probe drugs to 42 healthy volunteers to assess the activity of CYPlA2,2D6, 
CYP2C9, and CYP3A4.67 As noted by the authors, these CYP family members were selected 
because they account for the metabolism of the majority of medications currently on the market 
and have been the cause of clinically significant interactions with drugs metabolized by these 
enzymes. Following repeated administration of 4 weeks, the subjects showed no alteration in the 
activity of CYPlA2, CYP12D6, and CYP12C9, but a small reduction in CYP3A4 activity was 
observed. Other recent studies in humans are consistent with these results.68 

In summary, the data suggesting an interaction between CYP enzymes and marketed drugs are 
limited to in vitro and animal studies. Recent studies in humans do not support a conclusion that 
green tea catechins may alter the efficacy and toxicity of marketed drugs. In fact, many of these 
studies conclude that alteration of activity of these enzymes may he providing a protective effect 
against metabolism-dependent activation of carcinogens. Consequently, it is unlikely that GTC 
will present a concern with respect to drug interations. 

E. Reports that May Appear Inconsistent 

In the period between its release in May 2003 and June 2006, Kao sold 614 million bottles of 
Green Tea Catechin drinks in Japan. During this sales period, Kao received 945 reports of 
consumer complaints from Green Tea Catechin drink consumers. Most of these cases concerned 
minor, transient events, such as stomach aches, nausea, diarrhea, constipation, insomnia, and 
frequent urination. To date, based on medical confirmation, in no case has a connection clearly 
been established between any reported adverse events and Green Tea Catechin. Apart from these 
cases, there also has been a small number of cases reporting cutaneous symptoms and 
hypoglycemia, although no causal relationship to Green Tea Catechin could be established. Kao 
has confirmed recovery or remission in each of these events, and will continue to diligently 
monitor these issues. 

”- ,. 

Chow, H.H., et al ,2006 
activity Cancer Epidemiol Biomarkers Prev. 15( 12):2473-6 

See, e g , Donovan, J L., et. al, 2004. Green tea (Camellia sinensis) extract does not alter cytochrome P450 
3A4 or 2D6 activity in healthy volunteers Drug Metab Dispos 32(9) 906-8. (assessing reponse in 1 1  
individuals) 

Effects of repeated green tea catechin administration on human cytochrome P450 67 

68 

000066 
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Appendix A 
Bottled Tea 

92301000 TEA, NS AS TO TYPE, UNSWEETENED 

92301060 TEA, NS AS TO TYPE, PRESWEETENED WI SUGAR 

92301080 TEA, PRESWEETENED WI LOW CALORIE SWEETENER 

92301100 TEA, NS AS TO TYPE, DECAFFEINATED, UNSWEETENED 

92301 130 TEA, NS AS TO TYPE, PRESWEETENED, NS AS TO SWEETNER 

92301 160 TEA, DECAFFEINATED, WI SUGAR, NFS 

92301180 TEA, DECAFFEINATED, LOW CALORIE SWEETENER, NFS 

92301 190 TEA, PRESWEETENED, NS SWEETENER, DECAFFEINATED 

Bottled Tea 

Bottled Tea 

Bottled Tea 

Bottled Tea 

Bottled Tea 

Bottled Tea 

Bottled Tea 

Bottled Tea 
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Appendix B 
Sports Drinks 

92553000 FRUIT-FLAVORED THIRST QUENCHER BEVERAGE, LOW CAL 

92560000 FRUIT-FLAVORED THIRST QUENCHER BEVERAGE 

92582050 FRUIT-FLAVORED DRINK, VITAMIN & MINERAL FORTIFIED 
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Appendix C 

Carbonated Beveraaes and Juice Drinks 

I1551050 MILK FRUIT DRINK (INCL LICUADO) Carb bevsIjuices 

11552200 MILK-BASED FRUIT DRINK (INCL ORANGE JULIUS) Carb bevsIjuices 

11553000 FRUIT SMOOTHIE DRINK, WI FRUIT AND DAIRY PRODUCTS Carb bevsIjuices 

11553100 FRUIT SMOOTHIE DRINK, NOT FURTHER SPECIFIED Carb bevsIjuices 

61200500 ACEROLA JUICE Carb bevsljuices 

61201000 GRAPEFRUIT JUICE, NFS Carb bevsIjuices 

61201020 GRAPEFRUIT JUICE, UNSWEETENED, NS AS TO FORM Carb bevslpces 

61201220 GRAPEFRUIT JUICE, CANNED, BOTTLED, CARTON, UNSWEET Carb bevsIjuices 

61201230 GRAPEFRUIT JUICE, CANNED, BOTTLED, CARTON, WI SUGAR Carb bevsIjuices 

61201240 GRAPEFRUIT JUICE, CANNEDIBOTTLEICARTON, WI LOW CAL SWEETENER Carb bevsljuices 

61204000 LEMON JUICE, NS AS TO FORM Carb bevsljuices 

61204200 LEMON JUICE, CANNED OR BOTTLED Carb bevsIjuices 

61207000 LIME JUICE, NS AS TO FORM Carb bevsIjuices 

61207200 LIME JUICE, CANNED OR BOTTLED Carb bevsljuices 

61210000 ORANGE JUICE, NFS Carb bevsIjuices 

61 210220 ORANGE JUICE, CANNEDBOTTLEDCARTON, UNSWEETENED Carb bevsljuices 

61210230 ORANGE JUICE, CANNEDIBOTTLEDICARTON, WI SUGAR Carb bevS/jUiCeS 

61210250 ORANGE JUICE, WI CALCIUM, CANIBOTTLEICARTON, UNSWEETENED Carb bevsljuices 

61213000 TANGERINE JUICE, NFS Carb bevsIjuices 

61214000 GRAPE-TANGERINE-LEMON JUICE Carb bevsljuices 

61219000 ORANGE & BANANA JUICE Carb bevsIjuices 

61 21 91 00 PINEAPPLE-ORANGE-BANANA JUICE Carb bevsljuices 

612191 50 ORANGE-WHITE GRAPE-PEACH JUICE Carb bevsIjuices 
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61219650 APRICOT-ORANGE JUICE 

61 222000 PINEAPPLE-GRAPEFRUIT JUICE, NFS 

61225000 PINEAPPLE-ORANGE JUICE, NFS 

61226000 STRAWBERRY-BANANA-ORANGE JUICE 

64100100 FRUIT JUICE, NFS (INCLUDE MIXED FRUIT JUICES) 

64100110 FRUIT JUICE BLEND, 100% JUICE, WlVlTAMlN C 

64100120 AMBROSIA JUICE (INCL KNUDSEN'S) 

64101010 APPLE CIDER (INCLUDE CIDER, NFS) 

64104010 APPLE JUICE 

64104050 APPLE JUICE, W/ ADDED VITAMIN C 

64104090 APPLE JUICE WITH ADDED VITAMIN C AND CALCIUM 

64104150 APPLE-CHERRY JUICE 

64104200 APPLE-PEAR JUICE 

64104450 APPLE-RASPBERRY JUICE 

641 04500 APPLE-GRAPE JUICE 

641 04550 APPLE-GRAPE-RASPBERRY JUICE 

64104600 BLACKBERRY JUICE (INCL BOYSENBERRY JUICE) 

64105400 CRANBERRY JUICE, UNSWEETENED 

64105500 CRANBERRY-WHITE GRAPE JUICE MIXTURE, UNSWEETENED 

641 16010 GRAPE JUICE, NS AS TO ADDED SWEETENER 

64116020 GRAPE JUICE, UNSWEETENED 

64116030 GRAPE JUICE, Wl  SUGAR 

641 16040 GRAPE JUICE, LOW CALORIE SWEETENER 

641 16050 GRAPE JUICE, NS AS TO SWEETENED, Wl ADDED VITAMIN C 

64116100 GRAPE JUICE, UNSWEETENED, WI ADDED VITAMIN C 

641 16150 GRAPE JUICE, Wl SUGAR, W/ ADDED VITAMIN C 

64120010 PAPAYA JUICE 

Carb bevS/juiCeS 

Carb bevsljuices 

Carb bevdjuices 

Carb bevs/juices 

Carb bevsljuices 

Carb beVSljuiCeS 

Carb bevSljuiCeS 

Carb bevsljuices 

Carb bevsljuices 

Carb bevS/juiCeS 

Carb bevs/juices 

Carb bevs/julces 

Carb bevsljuices 

Carb bevsljulces 

Carb bevsljuices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb beVS/juiCeS 

Carb bevsljulces 

Carb bevs/juices 

Carb bevsl~uices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevsljulces 

Carb bevsljuices 

Carb bevsljuices 

I-WAi2651101 6 
000073 



64121000 PASSION FRUIT JUICE 

64122030 PEACH JUICE, W/ SUGAR 

64123000 PEAR-WHITE-GRAPE-PASSION FRUIT JUICE,W/ADDED VIT C 

64124010 PINEAPPLE JUICE, NS AS TO SWEETENED 

64124020 PINEAPPLE JUICE, UNSWEETENED 

64124030 PINEAPPLE JUICE, W/ SUGAR 

64124060 PINEAPPLE JUICE, UNSWEETENED, W/ VIT C 

64124200 PINEAPPLE-APPLE-GUAVA JUICE, W/ ADDED VITAMIN C 

64125000 PINEAPPLE JUICE-NON-CITRUS JUICE BLEND, UNSWEETENED 

64132010 PRUNE JUICE, NS AS TO ADDED SWEETENER 

64132020 PRUNE JUICE, UNSWEETENED 

64132030 PRUNE JUICE, W/ SUGAR 

64132500 STRAWBERRY JUICE 

64133100 WATERMELON JUICE 

64134000 FRUIT SMOOTHIE DRINK, W/ FRUIT ONLY 

64200100 FRUIT NECTAR, NFS 

64201010 APRICOT NECTAR 

64201500 BANANA NECTAR 

64202010 CANTALOUPE NECTAR 

64203020 GUAVA NECTAR 

64204010 MANGO NECTAR 

64205010 PEACH NECTAR 

64210010 PAPAYA NECTAR 

64213010 PASSION FRUIT NECTAR 

64215010 PEAR NECTAR 

64221010 SOURSOP (GUANABANA) NECTAR 

73105010 CARROT JUICE 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/jutces 

Carb bevs/juices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevdjuices 

Carb bevs/juiceS 

Carb bevsljuices 

Carb bevs/luices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevdjuices 

Carb bevs/juices 

Carb bevSljuiceS 
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74301 100 TOMATO JUICE 

74301150 TOMATO JUICE, LOW SODIUM 

74302000 TOMATO JUICE COCKTAIL 

74303000 TOMATO &VEGETABLE JUICE, MOSTLY TOMATO (INCL V-8) 

74303100 TOMATO & VEGETAGLE JUICE, MOSTLY TOMATO, LOW SODIUM 

74304000 TOMATO JUICE W/ CLAM OR BEEF JUICE 

75132000 MIXED VEGETABLE JUICE (OTHER THAN TOMATO) 

75132100 CELERY JUICE 

75200700 ALOE VERA JUICE 

92400000 SOFT DRINK, NFS 

92400100 SOFT DRINK, NFS, SUGAR-FREE 

924101 10 CARBONATED WATER.SWEETEND(INCL TONIC,QUININE WATER) 

92410210 CARBONATED WATER, UNSWEETENED (INCL CLUB SODA) 

92410250 CARBONATED WATER, SUGAR-FREE 

92410300 SOFT DRINK, COLA, W/ HIGHER CAFFEINE, SUGAR-FREE (INCL JOLT) 

92410310 SOFT DRINK, COLA-TYPE 

92410320 SOFT DRINK, COLA-TYPE, SUGAR-FREE 

92410330 SOFT DRINK, COLA-TYPE, W/ HIGHER CAFFEINE (INCL JOLT) 

92410340 SOFT DRINK, COLA-TYPE, DECAFFEINATED 

9241 0350 SOFT DRINK, COLA-TYPE, DECAFFEINATED, SUGAR-FREE 

92410360 SOFT DRINK, PEPPER-TYPE (INCL DR PEPPER, MR PIBB) 

92410370 SOFT DRINK, PEPPER-TYPE, SUGAR-FREE 

92410390 SOFT DRINK, PEPPER-TYPE, DECAFFEINATED 

92410400 SOFT DRINK, PEPPER-TYPE, DECAFFEINATED, SUGAR-FREE 

92410410 CREAM SODA 

92410420 CREAM SODA, SUGAR-FREE 

92410510 SOFT DRINK, FRUIT-FLAVORED, CAFFEINE FREE 

Carb bevsljuices 

Carb bevS/juiCeS 

Carb bevs/julces 

Carb bevs/juices 

Carb bevsljuices 

Carb bevS/juiCeS 

Carb bevsljuices 

Carb bevs/julces 

Carb bevs/juices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/julces 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevS/juiCeS 

Carb bevsljuices 

Carb beVSljuiCeS 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 
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92410520 SOFT DRINK, FRUIT-FLAV, SUGAR-FREE, CAFFEINE FREE 

92410550 SOFT DRINK, FRUIT-FLAVORED, W/ CAFFEINE 

92410560 SOFT DRINK, FRUIT-FLAVORED, W l  CAFFEINE, SUGAR-FREE 

92410610 GINGER ALE 

92410620 GINGERALE, SUGAR-FREE 

92410710 ROOT BEER 

92410720 ROOT BEER, SUGAR-FREE 

92410810 CHOCOLATE-FLAVORED SODA 

9241 0820 CHOCOLATE-FLAVORED SODA, SUGAR-FREE 

9241 1510 COLA WI FRUIT OR VANILLA FLAVOR 

9241 1520 COLA W/ CHOCOLATE FLAVOR 

9241 1610 COLA W/ FRUIT OR VANILLA FLAVOR, SUGAR-FREE 

9241 1620 COLA W/ CHOC FLAVOR, SUGAR FREE 

92416010 MAVl DRINK 

92417010 SOFT DRINK, ALE TYPE (INCLUDE ALE-8) 

92431000 CARBONATED JUICE DRINK, NS AS TO TYPE OF JUICE 

92432000 CARBONATED CITRUS JUICE DRINK 

92433000 CARBONATED NONCITRUS JUICE DRINK 

925101 10 APPLE DRINK 

92510120 APPLE-CHERRY DRINK 

92510150 APPLE JUICE DRINK 

925101 70 APPLE-CRANBERRY-GRAPE JUICE DRINK 

92510200 APPLE-ORANGE-PINEAPPLE JUICE DRINK 

92510220 APRICOT-PINEAPPLE JUICE DRINK 

92510310 BANANA-ORANGE DRINK 

92510410 BLACK CHERRY DRINK 

92510610 FRUIT DRINK (INCLUDE FRUIT PUNCH & FRUITADE) 

Carb bevsljulces 

Carb bevs/julces 

Carb beVSljulCeS 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/julces 

Carb bevs/juices 

Carb bevsljuices 

Carb beVS/julCeS 

Carb bevsljuices 

Carb bevs/julces 

Carb beVSljUlCeS 

Carb beVS/julCeS 

Carb bevsljulces 

Carb bevs/juices 

Carb bevsljuices 

Carb beVSljulCeS 

Carb bevs/julces 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/julces 

Carb bevsljulces 

Carb beVS/julceS 

Carb bevs/julces 

Carb bevsljuices 

Carb bevsljuices 

Carb bevsljuices 
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92510630 FRUIT JUICE DRINK, NFS 

92510650 TAMARIND DRINK, P R (REFRESCO DE TAMARINDO) 

92510720 FRUIT PUNCH, MADE W/ FRUIT JUICE & SODA 

92510730 FRUIT PUNCH, MADE Wl SODA, FRUIT JUICE & SHERBET 

92510810 GRAPEADE & GRAPE DRINK 

92510820 GRAPE JUICE DRINK 

92510910 GRAPEFRUIT JUICE DRINK 

92510950 GUAVA JUICE DRINK 

92511010 LEMONADE 

9251 1020 LEMON-LIMEADE 

9251 11 10 LIMEADE 

9251 1190 ORANGE JUICE DRINK 

9251 1200 ORANGE-MANGO JUICE DRINK 

9251 1220 ORANGE DRINK (INCLUDE ORANGE ADE, YABA DABA DEW) 

92511230 ORANGE-APRICOT JUICE DRINK 

9251 1240 ORANGE-LEMON DRINK 

92511250 CITRUS FRUIT JUICE DRINK (INCL 5-ALIVE) 

92511260 ORANGE-CRANBERRY JUICE DRINK 

9251 1270 ORANGE-PEACH JUICE DRINK 

92511280 ORANGE-GRAPE-BANANA JUICE DRINK 

92511290 PAPAYA JUICE DRINK 

92511310 PINEAPPLE-GRAPEFRUIT JUICE DRINK 

9251 1340 PINEAPPLE-ORANGE JUICE DRINK 

9251 1350 ORANGE-RASPBERRY JUICE DRINK 

9251 1400 RASPBERRY-FLAVORED DRINK 

9251 1510 STRAWBERRY-FLAVORED DRINK 

92512090 PlNA COLADA, NONALCOHOLIC 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb beVSljUICeS 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsliuices 
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92512110 WHISKEY SOUR, NONALCOHOLIC (INCL LEMIX) 

92520410 FRUIT DRINK, LOW CALORIE 

92520810 GRAPE DRINK, LOW CALORIE 

92520910 LEMONADE, LOW CALORIE 

925301 10 APPLE DRINK W/ VITAMIN C ADDED 

92530210 BLACK CHERRY DRINK W/ VITAMIN C ADDED 

92530310 CHERRY DRINK Wl VITAMIN C ADDED 

92530410 CITRUS DRINK Wl VITAMIN C ADDED 

92530510 CRANBERRY JUICE DRINK WNlT C ADDED(INCL COCKTAIL) 

92530520 CRANBERRY-APPLE JUICE DRINK W/ VITAMIN C ADDED 

92530610 FRUIT PUNCHlDRlNWADE WI VIT C ADDED (INCL HI-C) 

92530710 GRAPE DRINK W/ VITAMIN C ADDED 

92530810 GRAPEFRUIT JUICE DRINK W/ VITAMIN C ADDED 

92530840 GUAVA JUICE DRINK W/ VIT C ADDED 

92530910 LEMONADE W/ VITAMIN C ADDED 

92530950 VEGETABLE & FRUIT JUICE DRINK, W/ VIT C 

92531010 ORANGE DRINK & ORANGEADE W/ VITAMIN C ADDED 

92531030 ORANGE BREAKFAST DRINK 

92531 110 PINEAPPLE-GRAPEFRUIT JUICE DRINK W/ VIT C ADDED 

92531 120 PINEAPPLE-ORANGE JUICE DRINK W/ VITAMIN C ADDED 

92531 150 PINEAPPLE-ORANGE-GRAPEFRUIT JUICE DRINK WNlTAMlN C 

92531210 SRAWBERRY-FLAVORED DRINK W/ VITAMIN C ADDED 

92541010 FRUIT-FLAVORED DRINK, FROM SWEETENED PWDR,FORTIFIED Wl VIT C 

92541 100 APPLE CIDER DRINK, FROM MIX, SUGAR & VIT C ADDED 

92541 120 APPLE CIDER DRINK, FROM MIX, LOW CAL. VIT C ADDED 

92550050 APPLE-WHITE GRAPE JUICE DRINK,LOW CAL,WNIT C ADDED 

925501 10 CRANBERRY JUICE COCKTAIL, LO CAL, W/ VIT C ADDED 

Carb bevS/julCeS 

Carb bevsljuices 

Carb bevdjuices 

Garb bevs/julces 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/julces 

Carb bevsljulces 

Carb bevsljuices 

Carb bevsljuices 

Carb bevS/julCeS 

Carb bevs/juices 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/juices 

Carb bevs/julces 

Carb bevsljuices 

Carb bevsljuices 

Carb bevs/julces 

Carb bevs/julces 

Carb bevsljuices 

Carb bevs/juices 

Carb bevs/julces 

Carb bevsljuices 

Carb bevs/juices 

Carb bevsljuices 
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92550210 CRANBERRY-APPLE JUICE DRINK, LO CAL, VIT C ADDED 

92550300 GRAPEFRUIT JUICE DRINK,LOW CALORIE,W/ VITAMIN C 

92550610 FRUIT-FLAVORED DRINK, LOW CAL, W1 VITAMIN C ADDED 

92551600 CITRUS JUICE DRINK, LOW CALORIE 

92551700 JUICE DRINK, LOW CALORIE 

92552000 FRUIT-FLAV DRINK, FROM MIX, HI VIT C ADDED, LOW CAL 

92552050 ORANGE BREAKFAST DRINK, LOW CALORIE 

92552100 ORANGE-CRANBERRY JUICE DRINK,LOW CAL,W/ VIT C ADDED 

92553000 FRUIT-FLAVORED THIRST QUENCHER BEVERAGE, LOW CAL 

92560000 FRUIT-FLAVORED THIRST QUENCHER BEVERAGE 

925701 00 FLUID REPLACEMNT,ELECTROLYTE SOLUTN(INCL PEDIALYTE) 

92570500 FLUID REPLACEMENT, 5% GLUCOSE IN WATER 

92582000 FRUIT-FLAVORED DRINK, LOW CALORIE, CALCIUM-FORTIFD 

92582050 FRUIT-FLAVORED DRINK, VITAMIN & MINERAL FORTIFIED 

92582100 CITRUS JUICE DRINK, CALCUIM FORTIFIED 

925821 10 ORANGE BREAKFAST DRINK, CALCIUM FORTIFIED 

Carb bevs/julces 

Carb bevs/juices 

Carb bevs/juices 

Carb bevs/julces 

Carb br?vS/jUlCeS 

Carb bevsljulces 

Carb beVS/jUiCeS 

Carb bevsljuices 

Carb bevs/julces 

Carb bevs/julces 

Carb bevs/julces 

Carb beVS/juiCeS 

Carb bevs/julces 

Carb beVS/julCeS 

Carb beVS/julCeS 

Carb beVS/julCeS 
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Appendix D 
GRAS Expert Panel Critical Evaluation of Tea 
Catechin 
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THE GENERALLY RECOGNIZED AS SAFE STATUS OF GREEN TEA 
CATECHIN 

OPINION OF AN EXPERT PANEL 

February 20,2007 

INTRODUCTION 

Kao Corporation convened a panel of independent, internationally recognized biomedical 
scientists (“the Expert Panel”), qualified by their scientific training and experience to evaluate 
the safety of food and food ingredients, to independently and collectively critically evaluate 
available published and unpublished information on Green Tea Catechin (“GTC”) to determine 
its safety and generally recognized as safe (“GRAS”) status under the proposed conditions of use 
based on scientific procedures. 

The members of the Expert Panel included Professors Joseph F. Borzelleca of the Virginia 
Commonwealth University, Medical College of Virginia, James W. Anderson, of the University 
of Kentucky School of Medicine, and Michael W. Pariza of the University of Wisconsin, 
Madison. The cumcula vitae of the panelists are provided in Appendix 1. 

Morgan, Lewis & Bockius LLP (“Morgan Lewis”) conducted a thorough search of the scientific 
literature on Green Tea Catechin and related compounds through November 1,2006. The results 
of these searches were available to the Expert Panel. Kao Corporation and Morgan Lewis also 
provided to the panelists a comprehensive package of appropnate information including the 
methods of manufacture, specifications, batch analyses, proposed uses, exposure estimates, and 
safety. The Expert Panel independently and collectively critically evaluated these materials and 
other materials deemed appropriate or necessary and consulted by telephone. The Expert Panel 
unanimously concluded that Green Tea Catechin, meeting appropnate food grade material 
specifications, and manufactured and used as described herein and consistent with current Good 
Manufacturing Practice, is safe and GRAS based on scientific procedures. 

A summary of the basis for this GRAS determination follows. 

Identity and Characterization 

GTC is a mixture of eight catechin monomers that is extracted kom crude green tea extract and 
includes polyphenols, caffeine, organic acids, protein and amino acids, saccharide, fiber, fat, and 
ash. 

Manufacturing, Specifications, Batch Analyses 

Green Tea Catechin is manufactured from green tea extract (the primary ingredient), which is 
mixed with a wattdethanol solution to dissolve the catechin monomers present in the green tea 
extract. The ethanollwater solution containing the dissolved monomers is filtered by 
centrifugation, and the catechin monomers are then punfied by adsorption to activated carbon. 
The extract containing the highly-concentrated catechin monomers is dned and the residual 
ethanol allowed to evaporate. The extract is then sterilized (92” for 2 minutes), inspected and 
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packaged as a brown aqueous solution. The product formed, GTC, is a water-soluble complex 
mixture of tea catechins. For the purpose of altering the taste of some beverages, a tannase- 
treated version of the GTC is sometimes employed in manufacturing process (referred to as 
“Tannase-treated GTC”). 

Sensitive chemical and microbiological analyses have failed to identify potential human toxins In 
GTC. 

Batch analyses demonstrate consistency of production. GTC is stable for at least one year as a 
liquid and/or at least six months in beverages. 

All ingredients used in the manufacture of GTC are used in food and beverage manufacturing 
and are approved by the US .  FDA. 

Regulatory Status 

Green tea extract has been granted GRAS status by the U.S. Food and Drug Administration 
(“FDA”) (21 C.F.R. 5 182.20). FDA has affirmed clay as G U S  for use as an indirect food 
substance (21 C.F.R. 5 186.1256), and ethanol as GRAS for use as a direct food substance (21 
C.F.R. 5 184.1293). Tannase is self-GUS in the US.  Active carbon and diatomaceous earth 
are widely used in the beverage manufacturing industry worldwide to refine beverages. 
Powdered cellulose has served as a food ingredient in the U.S. for nearly 85 years. 

Exposure, Proposed Uses, and Estimated Daily Intake (EDI) 

GTC is intended for use as a natural extract in beverages, including bottled teas, sports drinks, 
carbonated soft drinks, and juice. The estimated intake of Green Tea Catechin for the U S .  
population was determined from appropnate databases including USDA’s 1994-96 and 1998 
CSFII surveys and reported in the dossier. These findings are summarized in the context of four 
scenarios: 

IntakeScenario _. . , . , , , ., ’ ,  

Scenario 1: Consumers (US Population, 2+ 
years) of all bottled tea in the U.S. will switch to 
GTC beverage 

Scenano 2: Consumers US Population, 2+ years) 
of all bottled of sports drinks in the US.  will 
switch to GTC beverage 

Scenario 3: Consumers (US Population, 2+ 
years) of all bottled of carbonated beverages and 
juices in the US.  will switch to GTC beverage 

Scenario 4: Consumers (US Population, 2+ 
years) of all bottled of combined bottled tea, 
sports drinks, carbonated beverages, and juices 
in the U S .  will switch to proposed beverage 

4.3 (7.8) 

6.5 (13.5) 

10.2 (21.2) I 
10.4 (21.5) 

2 
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As of June, 2006, Kao has sold 614 million bottles of Green Tea Catechin drinks in Japan 

Self-Limiting Levels of Use 

Although no limits on the use of GTC have been established, its bitter, astringent taste likely 
would limit its use at high levels. 

Biological Data Relating to Safety 

The safety of GTC has been established by a series of publishcd and unpublished studies, 
including acute oral (rat), subacute (rat, 14 days and 28 days), and genotoxicity (bactenal 
reverse mutation assay (Ames test), chromosomal aberration assay in cultured Chinese hamster 
ovary cells, mouse lymphoma L5 178/tk assay, and mouse bone marrow micronucleus test). Due 
to a heat-stenlization step in the manufacture of one type of Green Tea Beverage, many of these 
studies were conducted in parallel with both a heat-treated ("HT-GTC") and non-heat-treated 
version of Green Tea Catechin ("UT-GTC"). Published studies on catechin mixtures similar in 
composition to GTC (essentially equivalent) demonstrate a lack of toxicity of the constituents of 
GTC following oral subchronic (rat, 6-month), irritation potential, and 
reproductive/developmental toxicity (rat). In addition, published studies provide information on 
the absorption, distnbution, metabolism, and excretion, and toxicology of individual catechin or 
similar catechin mixtures. 

Safety data are primanly limited to zn vitro and animal studies. However numerous studies 
assessing the efficacy of GTC in humans for fat reduction report useful safety data including 
hematology, clinical chemistry, and adverse event reporting, and these data support the safety of 
GTC. The weight of the available evidence demonstrates the safety of GTC for the proposed 
use. 

Absorption, Distribution, Metabolism and Excretion 

Green Tea Catechins are poorly absorbed from the gastrointestinal tract (< 10% of the oral dose), 
distributed in the gastrointestinal mucosa, and excreted in feces via bile. Five to 8% of ingested 
GTC is absorbed within a relatively short time and partially conjugated with glucuronide and 
sulfate in microepithelial cells upon absorption. 

Acute Oral Toxicity Studies of Green Tea Catechin 

The acute oral toxicity of HT-GTC was assessed in male and female Sprague-Dawley rats at a 
dose of 2000 mgkg-bw. No deaths or signs of clinical abnormalities were reported. 

In an additional study of HT-GTC in male and female albino rats at doses of either 2000 mgkg- 
bw or 5000 mgkg-bw, one male and one female administered 5000 m a g - b w  died 1 or 2 days 
after administration. In the 2000 mgkg-bw group, 2 out of 6 females died 2 or 3 days after 
administration, and no males died. Based on the above results, the acute oral L D J ~  of HT-GTC 
was estimated to be greater than 2000 mgkg-bw 

An estimated LD50of 4647.29 mgkg-bw in mice was reported for Polyphenon 30, a mixture of 
catechins similar to GTC. 
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14-Day Oral Toxicity Studies of Green Tea Catechin (HT-GTC and UT-GTC) 

GTC was administered to male and female Sprague-Dawley rats for 14 days at doses of 500, 
1000, or 2000 mgkg-bw/day. The No-Observed-Adverse-Event-Level rNOAEL”) for HT- 
GTC was determined to be 500 mgkg-bw/day for males based on decreased body weight and 
body weight gain, and 2000 mgkg-bw/day for females, the highest dose tested. A NOAEL of 
2000 mglkg-bwiday was observed for UT-GTC. 

28-Day Oral Toxicity Studies of Green Tea Catechin (GTC) 

GTC (UT-GTC, HT-GTC, or decaffeinated HT-GTC) was administered to male and female 
Sprague-Dawley rats for 28 days at doses of 500, 1000 or 2000 mgkg-bwlday. 

The NOAEL for HT-GTC was 1000 mag-bwiday based on the lack of local toxicity (G, 
gastric erosions). The NOAEL for systemic toxzcity was 2000 mgikg-bwiday, the highest dose 
tested. Study findings for the 2000 mgkglday decaffeinated version of HT-GTC animals were 
similar to the 2000 mgkg-bw/day HT-GTC-treated animals, with the following exceptions: body 
weights and body weight gains were similar to the control animals and there were no 
microscopic findings in any of the tissues examined 

The NOAEL for UT-GTC was 2000 mgkg bw/day (the highest dose tested) 

Six-Month Oral Toxicity Study of Polyphenon 70s 

A NOAEL of 1000 mgkg-bw/day was reported for Polyphenon 70s (a mixture of catechins 
highly similar to GTC) in rats. In the 2000 mglkg-bw/day group, the weight of the liver 
increased with concomitant elevations in plasma alkaline phosphatase and GPT and a slight 
degeneration of hepatocytes. 

Genotoxicity 

Three in vztro tests were performed with either UT-GTC or HT-GTC. Positive responses were 
observed in both the chromosomal aberration assay (in Chinese hamster lung cells, CHU/IU) and 
the mouse lymphoma L5178YItk assay but none were reported in the Ames test. The bone 
micronucleus test in ICR CD mice-an m vivo test-revealed no evidence of mutagenicity. 

The results of these studies were qualitatively (k, positive or negative) equivalent for both UT- 
GTC and HT-GTC. Although positive findings were reported in the m vztro assays, the zn vivo 
study failed to demonstrate genotoxicity. A published study on Polyphenon E reported negative 
results for a bacterial mutagemcity assay, but positive results for the Big Blue CII transgenic 
mutation assay and mouse micronucleus test. 
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ReproductiveDevelopmental Toxicity 

In a rat developmental toxicity study, a NOAEL of 1000 mgkg-bw, the highest dose tested, was 
reported for Polyphenon E. 

Irritation and Sensitization 

No evidence of irritation of the oral mucosa either immediately after treatment or 24 hours 
thereafter was reported for Polyphenon E. 

Sensitization studies on GTC or related substances were not identified in the literature search 

Studies in Humans 

A series of short- and longer-term clinical investigations on substances similar to GTC 
examining tolerability, safety, and nutritional effects in humans including clinical chemistry, 
hematology, urinalysis, and self-reported adverse event data demonstrated tolerability and no 
adverse health effects. 

Summary and Discussion 

Green Tea Catechin is a mixture of eight catechins extracted from green tea leaves, which also 
includes polyphenols, caffeine, organic acids, protein and amino acids, saccharide, and ash. 
GTC is intended for use as a natural extract in beverages, including bottled teas, sports drinks, 
carbonated soft drinks, and juice. For the purpose of modifying taste in some of these beverages, 
GTC is sometimes slightly altered by treatment with tannase. The constituents of GTC are 
poorly absorbed, distributed in the gastrointestinal mucosa, and excreted in feces via bile. There 
is no evidence that GTC accumulates in the body and elicits toxicity. 

A cntical evaluation of available information on the safety of GTC in animals and in humans 
indicates that it is a relatively non-toxic substance at the doses tested. 

The upper estimated daily intake (b, scenario 4 described above) from all proposed uses is 10.4 
mg/kg bw/day at the mean and 21.5 mgkg bw/day at the 90th percentile. 
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Conclusion 

Based on its independent and collective critical evaluation of the data and information currently 
available on GTC, the Panel concludes that GTC manufactured and used as descnbed herein 
(consistent with current Good Manufacturing Practice), and meeting appropriate specifications 
for food grade material, is safe for the intended uses described herein. 

The Panel also concludes that other experts qualified by scientific training and experience, and 
evaluating the same data and information, would generally recognize that GTC is safe for the 
uses described herein. 

The Panel further concludes GTC is GRAS based on scientific procedures for the uses described 
herein. This is supported by a relatively long history of safe use of green tea and its extracts. 

I ' Professor.Emeritus, Pharmacology & Toxicology 
Virginia Commonwealth University 
Medical College of Virginia 

I1 (nu4 A 0 0 7  
Anderson, E k E  H.0. 

Professor Medicine and Clinical Nutrition; 
Director, HMR Weight Management Program 
Endocrine Division 
University of Kentucky School of Medicine 

Michael W. Pariza, Ph.D. 
Wisconsin Distinguished Professor of Food Microbiology and Toxicology 
Director, Food Research Institute 
University of Wisconsin, Madison 
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Appendix E 
Curricula Vitae of Expert Panel Members 
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Curriculum Vitae 
Jouph F. Bonelloca, Ph.D. 

Personal History 

Name. S.S. No: upon request 
Address, Citizenship United States 

Telephona: 

Fax. 

Email, 

Universlty Address 
Oept. of Pharmacdogy and Toxicology 
Medical College of Viginta 
Virglnm Commonweallh University 
Box 98061 3 
Richmond, VA 232980613 

Educational Background 

E.S. St. Joseph’s Universlty. Phitadalphim. PA 

School of Graduate Studies 
Thomas Jeffenon Unrfersiiy 
Jefferson Medical College. Philadelphia. PA 

Pharmacology, Physidogy 

Thomas Jefferson University 
Jefferson M e d i d  Cdlege. Philadelphia. PA 

Eiology, Chemistry 

hi S. 

Ph.D School of Graduate Studies 

Pharmacology. Biochemistry 

1952 

1954 

1956 

Academic Appdntments 

Medical College of Pennsylvania 
Philadelphia. PA 

Department of Pharmacology Instructor-Associate 1956-1959 

Assistant Professor 1959-1962 
Assouate Professor 1962-1967 

Department of Pharmacology 
and Toxicology 
Medical College of Virginia 
Richmond, VA Professor 1967. 
23298-0613 

Head. Divislon of Toxicology 1972-1 988 
Professor Emeritus 01 July 1996- 



Currlcuium Vitae owe 2 of 30 

Professional CertlRcation 

Fellow. Academy of Toxlrmogtcal Sciences 

Professional Aftiliotions 

M e m y  of Toxtdc~ical  Sciences' 
American Associathm for me Advancament of hiencs 
Amencan Chemical Sodety 
American colle@$ of Toxicology 
American Society of Pharmacology and Expenmental Therapeutics" 

(Envimnmental Pharmacdogy Committee; Lialson Committee. SOT; 
ToWcgy Committee) 

Institute of Fwd Technologists (Professional Member) 
internahonal Society of Regulatory Tordcolcgy arid Pharmacolw 

Sigma XI 
Souaty of Exwimental Biology and MediCln8' 

Society of Toxicology' .. 
(Member of Council) 

(CaUnciCor: P- Chairman of Southeastern Sectron) 

(Member andlor Chairman: Awards, Education. Legislalive Affairs. Membershlp, 
Nominating Comminees; Secretary of the Soctety. Counahr, and President; 
President, Food Safety Spedalty Section) 

(Cnairman, Medical Sciences Division) 
Virginia Academy of Science* 

* Held elected office 
* Held appointed office or positiM 

Board of Directwp 

lLSl (until 2002) 

Board of Scientific and Policy Advisor2 

American Cwncl  on Science and Health (until 2000) 

Updated 2/9/06 
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Joseph Bo~Blleca Curriculum Was page 3 Of 30 

Journals 

w, Food Chemical Toxicology. 1992- 

Editorial Boar 
E n v i r o n m L  Carcinogenss* Rwiernn. 1St-2- 
Journal of Envirmmental Pathology,Toxicology and OnauogY 1977- 2MM 
Journal of Environmental Science and Health, 1979-2004 
Journal of the American College of Towlcology, 1982- 
Jwmal 0fToxicolOgy. Culaneous and Ocular Tox!€ulogy, 1982- 1992 

Pharmacdogl. 1978- 
Pharmacology and Drug Development. 1980- 
Toxicology and Applied Pharmacology. 1975-1978 

Journal Of Aqplied ToxiCOlog~. 1989- 

Consuitantshlp. (Past, Present) 

Governmentad 

Food and Drug AdminisValon 
National Insbhlte of Mental Health 
National Cancer Institute 
Envwmnental Protecticm Agency 
Department of La& - OSHA (Chairman. Carcmogens Standards Committee) 
US. Army ~ Research and Oevdapment Command 

Non-Gwemrne ntal 

National M e m v  of Snences - NRC 
Cornmiltee 0; Toxicology (Member. Chairmanpoard on Toxicology and 
Envlmnmenlal Health Hazards 
Safe Drinkmg Water Committee 
Evauatm of HobsehM Substances Committee (1 138 Comrnlttee) 
Food Protection Committee 
Food Addbes Sufvey Committee 
Committee on Riskgasad Criteria for Non-RCRA Hazardous Wastes 
Committee on Risk PSsessment of Flame-Retardant Chemicals 
Food Chemicals Codex Committee 

Select Committea on GRAS Substances 
F l a w  and Extracts 
Biotechnology Pmdud Safety 
Caprenin GRAS Commlnee 

Jotnl Meeting on Peslrcide Resldues (JMPR) (Member. Chamvan) 

Federabn of American Societies of Expenmenla1 Bidogy 

World HealOl Organization 

NATOlCCMS Drinwng Water Comrnlnee 

lndJshial 

Cnmical Companies. Trade AssouaLons 
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Unlvwrlty Actlvlticn 

Related to instruction 
Prepaed a iaboratay manual in pharmacology (animal and human studies) (1960) 
Introduced me use of dosed circurt TV and TV tapes in pharmacology (1960) 
Introduced clinical pharmacological experiments into the medial and denial pmgrams 

Planning and participation in continuing education program 

Plannng and administration: each of the three major efforts in pharmacology 

Graduate Program - assisted h developing graduate training program in toxicology 

Urn) 
(Schools of Dentistry, Medldna a d  Pharmacy) 

(dental, medlcal. pharmacy) 

CWWt TeachiiActMbeg . .. 
Present lechrres on Toxicological Issues, Food Intake and Control 

Nol Directhr Related to In- 
Eleded senator horn the graduate school. then vice-presdent of me 
UnlvarsitySenate 
Sewed on vadous commitbs (e.g. Curriculum. Search, Animal Care.) in each 
of the four major schwls (Dentmby. Graduate. Medical, Pharmacy) 

Research 

Research was continuously funaea from 1956. Scurcos 01 supporl induaed 
governmental (U.S.P.H.S.; N.1.H; E.P.A.; N . I . 0 . k )  ana nongovemmenral (.ndustnal) (A 
list 01 publications Is allached). 

Awards 

DOD - US Army ~ Chemlcal Research Development and Engineenng Centac 
Dishnguished Service Award, 1988 

National Italian - American Foundation Award 
Excellence in Medicine and CommunW Service. 1987 

Thomas Jefferson Uniiersily 
Distinguished Alumnus Award. 1987 

Virginia Commonwealth University - %hod of Basic Malm Sciencea 
Outstandlng Faculty Award. 1987 

Virginia Commonwealth Unwersity. Dept. of Pnarmacology and Toxicology 
Professor of me Yew- 1992 

Amencan College of Toxicology 
Oisbngubshed Sewice Award - 1997 
Virginia’s bfe Achievement m Science Award- April 2001 

Ward L. Oser Food Ingredient Safety Award by the Institute of Food Techndoglsts- 
June 2001 

International Society for Regulatory Toxicologl and Pharmacology’s lnternatlcmal 
Achievement Award for 2001- December 2001 

Society of Toxicology - Education Award- March 2002 

Updated 2/9/08 
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PUBLICATIONS 

BcfAleca. J.F. and Manthei. R.W.: F a d o n  influencing pentobarbital Sleeping Ume in mica. Arch. 
tnt.  hama amp. mer. m: 296,1957. 

Borzelleca. J.F.’ Studies of the contribution of bladder absorpbm to the physiOlogiCai changes 
induced by pentobarbital. J. Phann. Ex@. Ther. 129: 305,1960. 

BorzeUaea. J.F: The absorption of nicotvle from the urinary bladder of the dog. Arch. Int 
Pharmacodyn. Ther. m. 444,1961. 

Borzelleca. J.F , &owman. E.R. and McKennis. H.. Jr . The cardiovascular and respiratory effects 
of ( - ~ i n i n e .  J. Pharmacol. Exp. Ther 

Borzelleca. J.F.: DNg absorpm fmm the unnary tract of the rat. Nicotine. Arch. Int 
Pharmaccdyn. Ther. m: 595.1983. 

Bwzellaca, J.F.: InAuenca of sellne and glucose infusions on the wune  of barbiturate 
intoxication. Arch. ht. Pharmacobyn. her .  196: 163. 1963. 

Larson. P S I  Borzelleca. J.F.. Eowman. E.R.. Crawford. EM., Smith, R.B., Jr. and Henningar. 
G.R: Toxiooloeic studles on a preparation of pterliary octylphenoxypdyethoxy ethanols (Trition 
X-405). Toxicol -1. Pharmacol. 3: 762. 1963. 

Eorzelleca. J.F.. Larson. P.S.. Henningar. G.R.. Hug. E.G., Crawford, E.M. and Smith. R.B., Jr.. 
Studies on the chronic oral toxicity of monomenc eth$ acrylate and methyl methacrylate. Tox~col. 
Appl. Pharmacal. 6: 29. 1964. 

Borzelleca. J.F. and Cherrklc. H.: The axmelion of drugs in saliva. Antiblolb J. Oral Ther 
Pharmacul. 2: 180, 1965. 

Bwzelleca. J.F. and Lester, D.. Acute toxicity of some perhalogenated acetones. Toxicol. MI. 
Pharmacd. 1: 592,1965. 

313, 1962. 

Bcfzelieca. J.F.: Drug movement from the isolated urinary bladder of the rabbit. Arch. Int. 
Pharmacodyn mer. m: 40,1965. 

Borzelleca, J.F.: Rabbit urinary bladder potentiais. invest. Urology3 77, 1965. 

Eorzelleca. J.F.: Sludies on the mechansms of drug movement from theisolated urinary bladder. 
~ . ~ h ~ ~ ~ ~ i . b p . m e r . ~ q a :  i?1.1965. 

Lowenthal. W. and Emelleca, J.F.: Drug absorption from the rectum. I .  J Pharm. Sci. 54.1790, 
1965. 

Ambr0re.A.M.. Barzefleca. J.F.. Larson. P.S.. Smith. R.E.. Jr andHenntgar, G.R.:Toxidogic 
studies on monochloroacetaldehyde: 2,4dini tmphenylh~rne, a foliar fungiude. Toxicot. Appl 
Phanacd. 8: 472,1966. 

Boneileca, J F. and Doyle. C.H.: Excretion of drugs in saliva. Salicylate. barbiturate, 
sulfanilamide. J Oral. Ther. Pharmacol. 3: 104, 1966. 

BorZBlIeCa. J.F and LOWenthal. W.: Drug absorption from Me rectum. II. J Pharm Sa. s: 151. 
1966 

Wooles, W.R and Borzelleca. J F: Prolongation of barbiturate sleeping time in mice 
stinwatiar of the reticuloendothelial system. J Rehculoendothd Soc 3 41. 1966. 

by 
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PUBUCA’TIONS 

Wooles, W.R.. Borrdlee.. J.F. and Branham, G.W.: m e  effeat of acute and prolonged 
salicylate adminisfmbon on livar and plasma tr!g@%ride levels and dietary-induced 
hypenholesterolemia. Toxicd. Appl. Pharmacal. 19: 1,1967 

BwreHeca. J.F.. Harris. T. and Bemstein. S: The effed of DMSO on dNg movement through the 
wall of the u m r y  Madder of the rabbi% J. Invest. Urol. 5: 43,1968 

Borrelleca. J.F: The excretion of glucose in saliva Dog. J. Oral Ther. Pharmacol. 4: 338, 1968. 

Kim. K.S.. Bonelieca. J.F., McKenns. H. and Bowman. E.R: Pharmacological effects of some 
nicotine metabolites and related compounds. J. Phafmaml. Exp. Ther. a: 59. 1968. 

Marcus, S. and Eoaelleca. J.F.: Observabons of reserpineinduced bradycardia. Arch. Int. 
Pharamacodyn. Ther. 174: 12.1968. 

SchwarQ S.L and Borzeileca. J.F.: Adrenergic blood pressure response m the shark. Science 

Ambrose. A M.. Bwrelleca. J.F., Lanon. P S. and Hennigar. G.R.: The toxicalogy of a follar 
fungccide. 064072. Toxlcol. Appl. Pharmaool. u: 323, 1970. 

Eorzdleca. J F. and Putney. J.W.. Jr.: A model for the movement of salicylate across the parotid 
epithelium. J. Phannacol. Exp. Ther. m: 527.1970. 

Emdleca, J.F. and Putney. J.W., Jr. Studies on the biotransformation of saliqfic acid by the 
salivarygland. A r d ~ .  Int Pharmacodyn. Ther. m: 127, 1970. 

Lowenthal. W.. Eorzelleca. J.F. and Cwder, C.D , Jr.: Dmg absorption from the r m m .  111. 
Aspinn and some aspirin &rivatwes. J. Pharm. Sa. a: 1353, 1970 

Putney, J.W.. Jr. and Bonelleca. J.F.: A method for the determination of small quantities of 
salicylate metabolites in the presence of a great excess of salicylic. acid. Arch. Int. PharmaCodyn 
mer. m: 11 9,1970. 

Wpn, J.E., van‘t Riet, B and Bmel!eca. J.F.: Excretion and toxicity of EGTA and EDTA afler 
oral administration to rats. Toxicol. Appl. Pharmawl. a. 807,1970. 

Bwzelleca, J.F.. Larson. P.S.. Crawford, EM..  Hennigar. G.R., Jr, Kuchar, E.J. and 
H H.: Toxicologic and metabolism studies on pentachloronitrobenzene. Toxicd. Appl. Phamacd. 
B: 522. 1971. 

Putney. J.W.. Jr. and Borzelleca, J F.: On Ihe mechanisms of “C-nicotine distributm in rat 
submaxillafygland in vitro. J. Pharmacol. Exp Ther. m: 180. 1971. 

Ambrose.A.M.. Larm. P.S.. Bordleca. J.F, Smith. R.E.. Jr. and Hsnnigar, G.R.: Toxicologic 
studies on 2.4dichlomphenylanitroph~~ ether. Toxicd. &PI. Pharmacal. 3: 263.1971. 

Putney. J.W.. Jr. and Boneileca. J.F.. On the mechanisms of “C- salicylic acid dishbution m rat 
submaxillary gland in vibo. J. Phannacol. Exp Ther. m: 263.1971. 

Egle. J.L., Jr , Putney. J W., Jr. and Bondleca. J F.: Cardiac rate and rhythm in mlce affected by 
habalkane propellants. J A.M.A. a: 786.1972. 

Ambrose. A M  , Larson. P S.. Borzdleca. J.F and Hennigar, G R.: Toxtcologic studies on 3.4’- 
dichloropropmnanilide. To~iwl .  Appl. Pharrnacol 23’ 650. 1972. 

x: 395.1969. 

Klein, 
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PUBLICATIONS 

Putney. J.W.. Jr. and Bodleca .  J.F.: On the mechanisms of ‘‘C-salic+ik aad sxcretion by the 
rat submaxillary gland. J. Phamacol. Exp. mer. @: 515,1972. 

Putney, J.W.. Jr. and Borzelleca. J.F.: Active accumulation of “C-safkylic aud by rat kidney 
cortex @ m. J Phannaool. Exp. Ther. 

Bonelleca. J.F.: Safety evaluation and toxlcologid tests and protedures. JA.0.A.C a. 692. 
1975 

Jordan, R L.. Spertii. F.. KIein H.H., Borzelleca. J.F. A study of the potentla1 teratogenic effects 
of pentachlomnitrobenzene in rats. Toxlcol. Appl. Pham?acol. a :222-30,1975 

Allan, M.A. Wrenn, J M.. Putney. J.W.. Jr. and Bomlleca. J.F.: A study of the mechanism of 
transport of diphenylhydantoin m the rat submaxillary gland *. J. Pharmacal. Exp. Ther. m: 
408.1976. 

Adams, M.D.. Wedig, J.H , Jordan, R.L.. Smith. L.W.. Henderson, R. and Borrellaca. J.F.: Urinary 
excrebon and metabolism of %Its of 2-pyridinethlol-l-owide following intravenws administration to 
female ywkshire pigs. T o x ! ~ ~ .  Appl. Phanacol. 

Ambrose, A.M.. Larson. P.S.. Borzelleca, J.F.and Hennigar. G.R.: Long-tm toxlcologlc 
assessment of nickel in rats and dogs. J. Food Sci. Technd. 15: 181.1976. 

Egle, J.L.. Jr., Long, J.E.. Simon, G S. and Borzelleca. J.F.: An evaluation of the cardiac 
sensitizing potential of a fabw protector in aerosd form, containing 1, t,l-WchloroeuliJne. ToxW. 
Appl. Pharmacd. a: 369,1976. 

Egle. J.L.. Jr.. Ferander. S.B., Gutellan. P.S. and B o ~ l e c a .  J.F.: Distribution and excretion of 
chlordacone (Kepone) in the ral. Drug Metab. Dispos. &91, 1976 

Weinberg. A.D.. Dimen, E.M., Borrslleca. J F and Harris, L.S.: Weight and actwity in 
mice after daiw inhalation of cannabis smoke in an automated smoke exposure chamber. J 
Pharm. h Phannac. a. 477.1977. 

Siu. R.G.. Bonelleca. J.F.. Can, C.J.. Day, H.G., Fomon. S.J. Irving, G.W. Jr. La Du. 8.N. Jr.. 
McCoy. J.R.. Miller. SA., Baa. G.L., Shimkin. M.B.. Wood. J.L. Evaluation of health aspects of 
GRAS food ingredients: lessoos learned and questions unanswered. Fed Proc. 3 :251562,1977 

Weinberg.A.D.. Dimen. EM.. Simon, G.S.. Hams, L S andBwrellera, J.F.: Measurernentsof 
weight and activity in male mice followrig inhalation of cannabis smoke In a controlled smoke 
axpo8ura chamber. Toxicol. Appl PharmaMI g: 301.1977. 

Allen. M.A. Wrenn. J.M.. Putney. J.W.. Jr. and Bo~elleca. J.F.: A study of the mechanisms of 
transport of benzylpenidiin in the rat subrnaxdlary gland. Arch Int. Pharmacodyn. a: 1BO. 1978. 

Bowman, F J.. Ewrelleca, J.F. and Munron, A E.: The toxicity of some halomethanes in mice. 
Toxlcol Appl. Pharmacd. g: 213, 1978. 

Egle. J.L. Jr I Fernandez S.B.. Guzeiian, P.S. and Bwzelleca. J.F.: Distribution and excretion of 
chiordecone (Kepone) in the rat. DNQ Metab Dispw. 6: 91. 1978. 

McConneli. W.R and Borzeileca J F.. A study of the mechanism of transport of AS. 
fetrahydmcannabinol in the rat submaxillary gland 
180.1978 

800.1973. 

523, 1978. 

male 

m. Arch. Int. Pharmacodyn Ther a 
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PUBLICATIONS 

McConnall. W R. Dewy, W.L., Harris. L.S. and 8orrallaca, J F.: A study of the effect of delta-9- 
tetrahydrocannabno1 (delta-9-THC) on mammalian salivary Row. J. Pharmacal. Gp .  Thar. m: 
567. 1978. 

Schumann. A M. and Borze(leca. J.F.: An assessment of me metham-bin and Ha~m body 
mdunng capacity of pentachlwonr&obenzene u1 me cat. Toxicol. Appl. Phannad. 9: 523.1978. 

Simon, G.S.. Tardtff. R.G. and Borrelleca, J.F : PotenM mutagenic and adverse male 
reproductive effects of 1,2.3,4-tetrabromobutane. A dominant lethal study in the rat. Toucal nppl. 
Pharmad. 5: 661,1978. 

Carmine, EL.. Carchman. R.A. and Bmelleca, J.F : Kepow Cellular sites of achm Toxtcd. 
Appl. Pharmacol. 523,1979. 

Egle. J.L.. Jr , Guzallan. P S. and Borrelleca. J.F.: Tlme course of me acute toxic effects of 
sublethal doses of chlordecone (Kepone). Toxicol. Appl. Pharmacol Q: 533, 1979. 

Lamn, P.S.. Egle. J.L.. Jr., Hennlgar, G.R. and BwreReca. J.F.: Acute and subchronic toxictty of 
mirex in the rat, dog. and rabbit Toxlcd. Appi Pharmacol. e 271, 1979. 

Larson, P.S.. Egle, J.L.. Jr.. Hemigar, G.R.. Lane, R.W. and Bot7eile.w. J.F.: Acute, subchronic 
and chnxlic toxicity of chlordacone Toxicd. Appl. Pharmacol. @: 29.1979. 

Simon, G.S.. Kuchar, E.J.. Klein, H.H. and Borzelleca. J.F.: Oistribubon and clearance of 
pentachloronitrobenzene in chickens. Toxicd. Appl. Phannacol. 5p' 401.1979. 

Simon. G.S.. TardKf. R.G. and Borzeliaca. J.F.: Failure of hexachlorobanzene to induce dominant 
lethal mutations in the at .  Toxical. &pi. Pharmacal. 47: 415. 1979. 

Borz811ec~, J.F. and Skalsky, H.L.: The excretion of pesticides in saliia and its value in assassing 
exposure. J. Environ. S a  Health, B15(6). 843, 1960. 

Bwrelleca. J F.. Egle. J.L.. Jr , Hennlgar. G.R , Klein. H.H.. Kuchar. E.J.. Lane, R.W. and Larson. 
P.S.: A t o x ~ i c  evaluation of 5-ethoxy-3- t~hlorometh~-l,2,4-bladiamle (ETMT). Toxicd. 
npPl. Pharmacal. s: 184,1980. 

Carmines. EL.. Carchman, RA. and Bcrzalleca. J.F.: A method for the evaluation of d-ffwt 
data utilizing a programmable calwlatw. J. Environ. Pathol. Toxicol. 423, 1980. 

Kessler, F.K.. Laskm. D L.. Borzeileca, J.F. and Carchman. R.A.: Assessment of 
somatogenotoxictty of povidone-iodine using two in vitro assays. J. Environ. Pathol. Tox~cal. 3: 
327.1980. 

Skelsky. H L.. Wrenn, J.M. and Borzelleca. J.F.: !g !+& and 9 -evaluation of the movement 
of Kepone in the rat submaxillary gland. J. Environ. Pathol. TOXICOI. 3: 529. 1980. 

Smim. L.W. and Borzeilsca. J F.: Excretion of cadmium and mercury in rat saliva Toxicol 
Pharamacol.54.134.1980. 

Smith. L.W and Borzelleca. J F : In &gg stlmulatron of oxygen consumphon in rat submaxillary 
gland by pilocarpine J. Dent R e s .  (59)9. 1531. 1980 

Smith. L.W. and Bmelleca. J.F . Movement of cadmiun in rat suarnaxlliacy silces. Toxicol. nppl 
Pharmacal 403. 1980. 
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PUBLICATIONS 

Smith, L.W and Borzdleca. J.F.: Movement of mercury in rat submaxillary slices. Toxicology 3 
169.1980. 

Borzelleca. J.F : Report of the NATO/CCMS drinking water pilot study on health aspects of 
drinking water contaminants. Sd. Tot E n m .  B: 205,1981 

Carmines. E.L., Carchman. R.A. and Borrelleca. J.F.: Investigations into lhe mechanism of 
paraquat toxiaty utilizing a dl culture system Tuxicol. App4. Pharmacol x. 353.1981. 

Simcm, G.S.. Borzelleca. J.F. and Dewey, W.L.: Narcotics and diabetes 11. Streplozotrxir+induced 
diabetes seledivety alters the potency of certain nard ic  analgesics. Mechanism of diabetes: 
morphine interaction. J. Pharmacol. Exp. mer. m: 324. 1981. 

Bdster. R.L. and Borrelleca. J F.The behavioral toxicity of Vihalomethane wntaminants of 
drinking water in mice. Environ. Health Perspect a: 127,1982. 

Kauffmann. B.M.. White, K.L., Jr.. Sanders. VM.. Douglas, K.A.. Sain. L.E.. Borrelieca. J.F.and 
Munson A.E.: Humoral and cell-mediatsd ummune status in mtce exposed to chloral hydrate. 
Environ. Health Perspsct. e: 147.1982. 

Lane, R.W.. Riddle. B.L. and Bonelleca. J.F.: Effeds of 1.2-dichlomethane and 1.1,i- 
mchloroethane In dnnking water on reproduction and development in mice. Toxicof. Appl. 
Pharmacd. a 409,1982. 

Munson. A.E., Sam, LE. .  Sand6rs.V.M.. Kauffmann, 0.M , White. K.C.. Jr., Page, D.G ,Barnes. 
D.W.. and Borzelleca. J.F.: Toxicology of organic drinkw water contaminants: trichloromethane. 
bromodichlorornethane. dibromochloromethane and tnbromomethane. Environ. Health Perswct 
@ 117.1982. 

Sanders. V.M., Kauffmann, B.M.. Whne. K L.. Douglas. K R .  Barnes, D.W.. Sain. L.E.. Bradshaw. 
T.J., Borzelleca. J.F. and Munson. A€.: Toxicology of chloral hydrate in the mouse. Envimn. 
Heaim perspect &. 137.i982. 

Sanders. V.M., Tucker. A.N., White. K.L.. Jr.. Kauffmann. B.M., Hailett, P.. Carchman. RA.. 
8orzeUeca. J.F. and Munson, A.E.: Humoral and cetl-medlated immune status in mice exposed lo 
trlchiomethylene in the drinking water. Toxicol. Appl. Pharmacol. 62: 358.1982. 

BorzeHeca, J.F.: A review of volatile organic contaminant data. Proc. AWWA Water Quality Tech. 
Conf. 225.1983. 

Charles. J.L.. Kram. D.. Bonelleca. J F. and Carchman. R A : The kinetics of in vivo sister -- 
chromatid exchange induction in m o m  bone marrow cells by alkylating agents. I. 
Cydophosphamide Environ. Mutagen. 5: 825.1983. 

Bomlleca. J.F.. Condie. L.W. ana Hayes, J.R.. Toxicologcal evalbation of selected chlonnated 
pnenols. hoceedings of Ihe 5th international Water Disinfection Conference, WdliamsbLrg. VA. 
1984 

Bwzelleca. J.F: Food safety' regulanons. research. and resulk. Va. Med. E: 390, 1984. 

Sever. D E , EasL J M , Condie. L.W. and Bmelleca, J F . The use of h methods for 
assessing reproductive 1ox.ciQ of dlcnlorophenols ToxiCO(. Letters a, 309, 1984 

Show. G M , Whle, K L , Jr , rlolsapple. M P.. Sames. D.W.. DLke. S S.. Anderson. A.C.. 
Cond:e. L W , Jr.. hayes. J R. ana Borzelleca. J.F : Naphlnalene toxtcity in CD-1 mice general 
tox:wiogy and immunotox.coicgy. Fdnd. Appl Toxicol 5: 406. 1984. 
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PUBLICATIONS 

Tarka, S.M.. Jr., Ppplebaum. R.S. and Borzelleca. J.F.: Evaluation of the teratogenic potentrd of 
cocoa powder and theobromine in New Zealand WhRa rabbits. Food Chem. Toximi. a 363, 
1986. 

Bmelleca. J.F.. Capen. C.C. and Hallagan, J.B.. Lifetime toxitityican'vlogenicity study of FD&C 
Red no. 3 (eqthrosme) in rats. Food Chem. Toxkol. 25 723,1987 

Bomelleca. J F , Capen. C.C.. and Hallagan. J.6 . Lifetime toxicitykarcmogeniccrty study of FDBC 
Red No. 3 (erythrosine) in mice. Food Chem. Toxlml. a: 735.1987. 

Hayes. J.R.. Condie. L.W.. Jr.. Egle. J.L.. Jr and Boczelleca, J.F.: The acute and subchronic 
toxicity in ratr of trans-1,2 dichlwoethylene in drinking water. J Am. Colt. Toxicd. 6: 471,1987. 

Bwzelleca, J.F. and Haltagan. J.B.: Chronic toxlcity/camncgenicity studies of FDBC Yellcw No. 5 
(tartmane) in rats. Food Chem. Toxkal. s: 179,1988. 

Borzelleca. J.F.. Condie. L.W , Jr. and Egle, J.L.: Short-term toxicity (one-and tenday gavage) of 
barium chloride in rnale and female rats. J Am. Coli. Toxlcol. L: 675-585. 1988. 

Condie. L.W., Jr.. Hill. J.R. and Ebnelleca. J.F.: Oral toxlculogy studies wth xylene isomers and 
mixed xytenes. Drug and Chem. Toxicot. u: 329.1988. 

Borzelleca. J.F. and Hallagan. J.B : A chronic foxicity/carcinogenicity study of FDBC yellow no. 5 
(tarname) n mice. Food Chem. Toxicol. 26:189,1988. 

Borzelleca. J.F.. Clark. E.C. and Condie. L.W.. Jr.: Short-term toxicity(1 and 10 days)of 
cadmium chloride in male and female rats: gavage and drinklng water J Am. Coll. Toxicol Q: 
377.1989. 

Borzelleca. J.F., Condie. L.W.. Jr., Clarke. E.C. and Egle. J.L.: Short-lerm toxicity (one and ten 
day gavage) of potassium dichromate in male and female rets. J. Am. Coll. Toxicd. 8: 1197, 
1989. 

BOrreIeca. J.F., Olson, J.W.A and Reno, F.A.. Lifetime toxicitykarcincgenicity study of FDBC 
red No. 40 (allura red) in Sprague-Dawleyrak Food Chem. Toxicol. 2 701, 1989 

Bonelleca. J.F.: Status of colors and Rams used h the confectionery industry. Proe. 106" 
Annual Conventon of the National Confectioners Asaociatlon of the United States. 33, 1989 

O'Hara, T.M.. Boneneca. J.F.. Clark, E.C.. Sheppard, M.A and Condie, L W., Jr.: ACCIJCHCI, 
interactron study in isahted hepatocytes: selection of a vehicle. Fund. -1. Toxicol. a. 605, 
1989 

Lamb, R.G.. Borrelleca, J F.. Condie, L.W. and Gennings. C.: TOXIC interactions between carbon 
tetrachloride and chlorofm in cultured rat hepatocytes. Tomcd. Appl. Pharmm. m: 106. 
1989. 

Borzelleca. J F and Hailagan, J.B.: Multtgeneration sludy of FDBC red no. 3 (etythrosine) in 
sprague-dawey rats. Fd. Chem. Tor a: 813,1990 

Lauer. W C., Johns. F J.. Wolfe. G.W . Myers. B A , Condie. L.W.. Borzeileca, J F : 
Comprehensive health effects tesbng program for Denver's potable watw reuse demonstrahon 
oroiect. J. Toxicol Environ Hedm 30' 30C21,1990 

Borzelleca. J F , Oepukat. K. and Hallagan, J 8 : Lifetime toxuty/caranogmuty sludles of FD&C 
blue no 1 (brilliant blue FCF) in rats and mtce. Fd Chem. Toxic. a: 221,1990. 
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PUBUCATIONS 

Bondleca. J.F.. OHara. T.M., Gennings. C., Granger. R.H.. Sheppard. MA. and Condie. L W.. 
Jr: lnleractions of water contaminants. 1. Plasma enzyme aclivtty and response surface 
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Eonelleca. J.F.: Post-mar&el.ng suweillanw of rnamnukient suoslttules. Food Technol. e 107- 
113,1995 
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agonisu. Pari II. Assessment of 1ox;ctIy fodowng 30 days of repealea oral aosing of male and 
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Graham. D.M.. Parka. M.W. Glaze, W.H.,NeweH. G.W., Erdman, J.W.. and Borzelleca. J.F.: 
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nenotoxlcitv test with Sureleas& aaueous ethdcellulase dlSDBrSOn. Food Chem. Toxkol.. In 
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Adams. M.. Wedig, J.H., Jordan, R.. SmiW. L.. Henderson. R. and Eorzelleca, J.F : Excretion and 
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diphenyihydantoin in salivary tissues and saliva. Fed. Proc. g: 573.1975. 
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with transplanted tumors exposed to halomethanes Va. J. Sci. 2s: 100,1977 
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centra catecholamhe Function in the postnatal mouse. Fed. Pmc s: 405,1977 
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toxicologzsl s ~ d i e s  with kepone. Toxiwl Appl. Pharmacal. s; 331, 
Munson. A.E.. Sanders. V.M.. Borrelleca. J.F.. Tardiff. R.G. and Barren. B.A.: Reticuioendolhellal 
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Hayes, J.R.. Cmdn?. L.W.. Jr.. and Borzellecs. J.F.. ffinetiw of naphthaem (NTL) covalenl 
binding lo hepatc ON4 RNA an0 protein 8n CD-1 mae. J. Am. Coil. Tor 

Lane. R.W ,Coles, 13.8, Carchman. R A. and Borzelleca. J.F.: Phorboi dieS1er receptors on HL- 
60 human promyelocytr :eukemla cells. Toxtcoiogist 2: 105 (d373). 

3: 144.1982 

1982 
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ABSTRACTS 

Seyler. 0.. East, J. and BorzeUeca. J.F.' Cadmium depression of mouse & y&g fertiliibon. 
Toxicdogist 2: 238 (#764). 1982. 

Borz~4leca. J.F.. Hatlagan. J.. Re=. C.. Ooldenthai, E. and Hogan. 0.: Chronic oral 
toxiatykarcinogenicity studies of fwd. drug and cosmetic colws in CD rats. Toxicdogist 2: 129 
(#514),1983. 

Condie. L.W., Hayes, J.R. and Bor2dleca, J.F.: Awte and subchronic oral toxicNyof 2.4- 
dichlomphenol(2.4-OCP) in male and female CO-1 m w .  Pharmamiogmt a: 228.1983. 

Hayes, J.R. and Borzelleca J F. Implications of nutrientdrug interactbns. Proc. Ann Meeting 
Inst. Food Techno(., 1983. 

Haps. J.R. and Borzelleca. J.F.: Diet-nutrient interactions. Proc. Ann. Meeting Am. Oiet. Assoc., 
1983. 

Hayes. J.R.. Condm L.W.. Jr.. and Bonelleza. J.F. Pharmaco!dnetlCS of oral naphtha'ene (NTL) 
in CD-1 mice. Toxicologist 3: 161 (W). 1983. 

Kallrnan. M.J.. Borzetleca. J.F. and Condie. L.. Jr.: Behavioral loxidly of naphthalene in adult 
mice. J. Am. Colt. Toxicd. 2: 247 (#138). 1983. 

Kessler, F.K., Charles, J.L., Borzelleca. J.F. and Canhman. RA.: Effects of chlorinated phenols 
on mouse bone m a m  sister chromatid exchange. J. Am. Wl. Toxicol. 2: 249 (#142). 1983. 

Lane. R.W.. Carchman. R.A. and Bonelteca. J.F.: phorbd diester (WE) binding and oxygen 
metabolim of dlffemntlated HL-60 cells. Toxicclogkt 3 144 (#575). 1983. 

Shopp. G.M , White. K.L., Jr.. Holsapple. M.P.. Barnes, O.W., Condie, L.W.. Jr. and Borrelleca, 
J.F : General toxlcdogy and bnrnunotoxicology of mice exposed to naphthalene (NAP). 
Toxicologist, 3: 57 (#226). 1983. 

Smith. 8.. Lam. R.W.. Carchman. RA. and BoneUeca. J.F.: A ownparison of the revenibillty of 
phcubd diestar induced changes in macrophage mwphology. Toxko!qist 3: 144 (#574). 1983. 

Borzelleca, J.F.. Hayes. J.R and CondieAL: Toxicdoglcal evaluation of selected chlorinated 
phenols and haloacstonitnles. hoc. of 5 lntsmabonal Conf. on Water Chlorination: 
Environmental Impact and Health Effect5 1: 100,1984. 

Hayes. J.R.. Condie. L. and BorrelleCa. J.F.: Subchmnic toxlcityof carbon tetrachloride 
administered by oral gavage to CD-1 mice. Toxicologcst~. 183 (#730). 1964. 

Hayes. J R.. Condie. LW. and Boneileca. J F.: Acute and l4day continuous dosing toxicity of 
dchioroacelonitrile (DCA) and dibmmoacetonitnle (DBA). Phaimawlogist g: 233, 1984. 

Coodie, C.W. Hayes. J.R. and Borzellece. J F.: Acute, 144ay an4 subchronic toxicity of 
potassium picloram (PIC) adrninislered to rats via the drinking water. Toxicologist 8' 222, 

Capen. C C , Nishikawa, S.. Ingbar. S.H.. Braverman, L.E., and Borzelleca. J.F.: Mechanisms of 
MyrOId oncogenesis by chronlc elyIhrosine (red m 3) feeding: ultrastructural and morphometric 
evaluation of thyroid glands and changes in drwlabng levels ct thyroid hormones and thyrotropin 
CTSH). Abstract No 48,75* Annual Meeting of the Internatonal Academy of Pathology. New 
Orleans, 10-14 Marbl .  and published in Laboratory hveshgawns 
3: 54 a. 1986. 

1985 
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ABSTRACTS 

Lamb. R.G., Bush. S.R.. Condie, L.W.. and WeUeca. J.F.: influencs of chiormated hydrocarbon 
mixtures on Cultured hepalocyle function. Pharmacologstg& 180.1986. 

Lamb, R.G., Coleman. J.B.. Condie. L W.. and Borrelleca. J.F.: Influenceof chlorrnated 
hydrccarbons on cultured hepatocyte function. Toumlogtst 6: 116 (#470), 1988. 

Granger, R.H , Coleman. J.B., Condie, L. W.. Lamb, R.G. and Bwzelieca. J.F.: Effect of vehicle on 
the relative uptake of haloalkanes administered by gavage. Torimlogist L: 265 (#1060). 1987. 

Lamb, R.G.. Coleman. J.B.. Granger, H.. Conde, L.W. and Bonelleca. J F.: The influence of 
chlorinated hydrocarbons on hepatocyte functian 
1 987 

Cobman. J.B.. Condie, L.W ., Bwrelleca. J.F. and Camb, R.G.. The influena, of suucturai 
analogues of carbon tetrscnlon.de (CCb) on hepatocyte functiins 
(#381). 1988. 

Granger, R.H.. OHara. T M.. Condle, L.W.. and Bonelleca, J.F.: A study of the joint actfon of 
carbon tetraChlorde (CCb) and lnchloroethylene (C2HC1,) following simultaneous gavage 
administration in the rat. Toxicologist B: 95 (#378). 1988. 

OHara. T M.. Granger, R.H., Condie. L.W and Bonelleca, J F.: A study of the joint hepatotaxlc 
action of carbon tetrechlwide (CC14) and cMoroform (CHClJ following simultaneous gavage 
administration in the rat. Toxicologist 8: 98 (#380). 1988 

Eonelleca. J F , OHara. T.M , Gennings, C. and Condie. L.W.. A CCI,-CHCI:, interachon study in 
isolated hepetoqtes-the role d P450 metabolism. Toxicologist 2: 58 (#229). 1989. 

Lamb. R.G., Gennings. C.. Borzelleca. J.F.. and Condie, L.W.: Toxic Interactions between carbon 
tetrachloride (CCIJ and chlorofwm (CHCb). Toxicdogist 9: 59 (#233), 1989. 

O'Hara. T.M.. Borzelleca, J.F. and Condie. LW.: A CClJCHCls interaction study in iaolated 
hepatocytes-selection of a W i e .  Toxicdogist 8: 59 (#235). 1989. 

Borzelleca. J.F.. Genniogs. C., Berw, P. and Lamb, R.G.: To% interactions between carbon 
tetrachlonde LCCL) and perchlorcethylene (PCE) in cultured ral hepatocytes. Toxicdogist 1p: 54 
(#213). 1990. 

Lamb, R G I  Gennings, C., Borzelleca. J.F. and Beru. P.: Toxic internlions between c a d  
tetrachloride (CCI,) and trichloroethylene (TCE) in cultured rat hepatocytes. ToxicologisI a 53 

Wolfe. G., Myers, 6.. Lemen. J.. Lausr, W., Johns, F., Condm. L. and Borzelleca. J.: Preliminarj 
report of the findings of the health effects for Denver's potable reuse demonstratron project. 
ToxicologistlJ: 176 (#704), 1990. 

€@e. J.L., Jr.. Bonenew. J.F. and Hams, L.S.: Acute and subchronic toxiwty of Levo-alpha- 
acetyl-methadol (LAAM) and Levo-alpha-ace~-nMe~adol ( N O R M )  in male and female 
rats. Toxicologist11 149 (#521). 1991 

Weiner, M.L , Steinberg. M.. Bwzelieca, J F , Enters, E K , Hager. D F , Kinoshlta. F K.. Loper. A,. 
Mitchell. D B and Tamulinas. C B Proposed safety evaluation guidelines for new excipients. 
Toxicologist 13 213 (#796). 1994 

Bcrzeileca, J F The safety evaiuallon of macTonuv!ent subslltules IFT Annual Meeting Abstracts 
tl5-2, 1994 

W a n d  j~ &g. Toxicologist L' 267 (#1068). 

w-. Toxi~ologist8: 96 

(#212). 1990. 
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ABSTRACTS 

BorzeJIeca. J.F.. Fat replacen ACS meetmg, 1995 

Rica. R.G., Graham. D M., Glaze, W.H.. Panza. M.W., Newell. G.W.. Erdman. J.W.. and 
Bo~alleca, J.F : O r n o  preservation of Foods and Focdstuffs. 13th Ozone World Congress, 
October 1997, Kyoto. Japan 

Lien. E., W e ,  F.. Perry. Thompson. C.. Bwrelleca. J.F.. and Wrenn. J.. Comparison Of AIN-76A 
and AIN-Q3G Dets In Rats; a 13 Week Study. Fed. Proc..  1998 

Munm. E.C., Berndt. W.O.. Bomileca, J.F.. Flamm. G.. Lynch. B.S.. Kmepohl, E.. Bar, A. and 
Mcdderman. J.: Erythritol: An interpretive summary of blodremical. metabolic. toxicolcgical and 
clinical data. Toxicologist 38. 1999 

A wbdKonic toxicity study In rats and genotoxiaty tests mth Surelease' aqueous ehylce(lulose 
dispersion. ACT & SOT Annual Meetings. March 2003 
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BOOKS AND BOOK CHAPTERS 

Munson, A.E.. Barrett. 8.A and Borrelleca. J. F.: & 
sensitive agents. In: Cutaneous Toxelly, (V. Drill. ed.). Academic Press, Inc.. San Frantlxo, p. 
175. 1977. 

Skalsky. H.L.. Lane. R.w. and Borzdleca. J.F.. 'Excretion of carbaryl Into saliva of the rat and its 
effect on cholinesterase' In: Toxicoloey and Occupational Medicine (W B Deichman. ed.). p 
349.1979 

Eorze~lgca, J F. and Cmmes, EL.. "New drug evaluation, safely assessment" lo: Program for 
Applied Research an Ferttlity RegulaUon, 1980. 

Hayes, J.F. and Borzelleur. J.F.: 'Bicdispositw of envuonmenlal chemicals by animals". In: 
Animal Products in Human Nutrition (D. Beitrand R. Hansen. eds.), Chap. 11, p. 225. Academic 
Press. NewYock, 1982. 

Borzalleca. J.F : 'Neurobehavior toxicological testmg'. Pharmacodependence and 
neurobehavforal toxicology. Quo Vadis 7, Symmsium *Quo Vadis 7'. Sanoti Grwo. MMltoeliier. 
Francs. p. 115,1983. 

Schwartz. S.L. and BwzeHeca. J.F.: "Toxicolcgy of poiy~nylpyrmliione'. Proceedings of the 
International Symposium on Povidone (G A Digenia. Ed.), CoPege of Pharmacy. Unlverury of 
Kentucky, Lexngton, KY, p. 234. 
1983. 

Borzelieea. J.F.. Hallagan. J. and Rease. C.:"Food. Drug and Cdsrnetic Colors: Toxicological 
Considerations."ACS Symposium Series, No. 234, Xenobiotii In F d s  and Feeds. (Finley. J W. 
and Schwass. D.E.. eds.), Chap. 20, p.311 ACS, Washington. 0 C.. 1983 

Borzeileca, J.F.: 'Extrapolalii of animal data to man". In: Tox~cciogy Laboratoty Design and 
Management for the 8o'r and Beyond (Tegeris, AS., Ed); Vol. 1 of Concepts in Toxicology. 
Homburger. F.. Series Ed.), 1964. 

%tzebca. J.F.: "Current concepts !n reproductive toxtcology'. In: Clinics in Laboratwy Medicine, 
Symposium on Environmental and Occupanonal Health Hazards. Vd. 4 (R.V Blanke, ed.). W B. 
Saunders Co., Philaddphia. 1964. 

Borzelleca. J.F , Condie. L.W., and Hayes, J.R.: "Toxicdlogical evaiuation of selected chlorinated 
phenols-. In Water Chlorination, Chemistw. Environmental Impact and Health ufecls. (R.L. Jolley, 
R.J. BUN. W.P. Davis, S. Kat?, M.H Roberts, JI.. V A  Jambs). Volume5, Chap. 26, p.331. 
Lewls Publishers, Inc.. Ann Arbor. Michigan, 1985. 

Robinson. B.V , Sullivan, F.M.. Borzelleca. J.F. and Schwartz, S.L.: PVP A C O W  Rwiw of the 
Kinetics and Toxicology of Pdyvinylpyrrolidone (Povidone). Lewis Publishers, Inc., Ann ,4mx, 

BOm&leca, J.F and Hallagan, J.B.: "Safely and Regulatory Status of Food. Drug. and Cosmehc 
COlWr.' ACS Symposium Senes. No. 484. Food Safety Assessment. (Finley. J W.. Robinson, 
S F ,and hnstrong. D.J.. eds.). Chap. 31. p 377. ACS. Washington, DC. 1992 

B d l e c a ,  J.F.."Foods of the Fubre: What Wlll We Be Eattng in the Next Century?" In Practical 
Handbook of Nutribon in Clinical Pracltce (Kirby, D F. and Dudnck. S J , eds.). Chap 16, p.279. 
CRC Press. inc.. Bcca Raton. FI 1994 

Borzelleca. J F "History of Toxicology * In Principles and Methods of Toxicology (Hayes. AW., 
editor), edition 3. Chap. 1, p 1-18. Raven Press, New York, NY f994 

experimental approaches to detection Of 

Mkhigan. 1990 
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BOOKS AND BOOK CHAPTERS 

Matt, D.W. and Borzelleca. J.F: Toxw: Effects on the Female Repmduclive System Dunng 
Pregnancy, Parturition. and Lactation.‘ In Reproducliie Toxicology (Witorsch. R.J., editor), edimn 
2, chapter 10. p 175 Raven Press, New Ywk. NY. 1995 

Bonelleca. J F.: ‘Food-BMe Health Rlsks. Food Additives, Pertcider and Microbes.” In Nutrition 
Pdky In Public Health (Bmnnar, F , editor). Chap. 3, p 33. Spnngsr Publishing Co. New Ywk. NY 
1997 

Rlce.R.G., Graham, D.M.. Glaze. W.H.. Pafua. M.W.. Newell. G.W.. Erdman, J.W., and 
Bomlleca. J.F . Ozone Presewation of Foods and Foodsk~ffs. 13th Ozone World Congress, 
Kyoto. Japan. Octobsr 1997 

Bonelleca, J F. and Weiner, M.L. .‘Development of Safely Evaluation Guldeliies.” In Exupient 
Toxicity and Safety (Weber. M. L and Kotkoskie. L. A.. editors). Chaoter 5. 0.101 Manel Oekker. 
Inc.. New Yorlc. N.Y. IS99 

E o ~ l a c a .  J.F.. Glinsmann, W.H. and Kennepohl. E. Sat+ Arpects of Dieqlglycwol Oil, In 
O i a c y l e l m  OR. (Katsuragl. Y., Yasukawa. T.. Matsuo, N.. Fliclcingef. B.O., Tokmitw. 1. And 
Matlock. M.G., ediiw), Chapter 17, p. 165, AOCS Press, Champaign, 111.20O4 

Schleef. R R.. Vanscheeuwijck. P.M.. ScMage, W K., Borzellew, J.F.. Cqgins. C.R E., and 
Hauasmann. HJ. Anbnals models fw three major cigarette-smoke-induced diseases. Inhalation 
Toxmlogy, Editor, Hamy Salem. & Sidney Kaiz Chapter 33. ps. 843-866. Taylor & Francis 
Group, Boca Raton. FL, 2005 
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ConWbuUng authorship on tha followlng pubtkationr of the Life Ssknces Research 
Office, Federation of Amrricrn Socletks of Experimental Blology (FASEB): 

Evaluaoon of the health aspeck of iron and iron salls a¶ food ingredients. 1973. 

Evaluam of ihe health aspects of butylated nydroxytohme as a food ingred:ent 1973. 

Evalbation of the health aspects of cenain zinc salts as food ingredients. 1973 

Evaluation of the healtn aspect of pulps as they may migrate to food from packaging rnatere!s. 
1973 

Evaluation of the health aspects of propylene glycol and pmpymne g l y d  monoslearate as food 
ingredIenls. 1973. 

Evaluabon of the health aspects of alginates as food ingredients. 1973. 

Evatuahon of the heaotn aspets of ager-agar as a food ingredient 1973. 

Evaluation of the health asp& of c m i n  red and brow algae as food ;ngredienb 1973. 

Evaluation of me health aspects of cellulose and certain ceiluiose derivatives of food ingredmts. 

Iodine in foods: chemical methodology and sources of todine in the human diet. 1974. 

Evaluation of the health aspects of aconitic acid as a food ingredient. 1974. 

Evaluation of the health aspects of stannous chlorlde as a food ingredient. 1974. 

1973. 

Evaluatiin of the health aspects of licorice. glycyrrhza and ammoniated glycrrhuin as food 
ingredients. 1974. 

Evaluation of the health aspects of caprylic acid as a food ingredient. 1974. 

Evaluatm of the health aspects of sorbose as a food ingredient. 1974. 

Evaluatii of the health aspects of sulfuric acid and sulfates as food ingredients. 1974. 

Evalualion of Ihe health aspects of potassium iodide, potassium iodate. and 
calcium iodate as food ingredients. 1975. 

Evaluafmion of the health aspects of dextran as food ingredients. 1975. 

Evaluabon of the health aspects of calcium oxide and calcium hydroxide as food lngrediants 
1975. 

Evaluation of the health aspects of succtnic acid as a food ingredient. 1975 

Evaluation of the health aspects of certain CaiCium salts as food ingredients. 1975. 

Evaluation of the health aspects of glycenn and glycerides as food ingredients 1975 

EvaluaUon of the health asp- of dextrin and ccfn dextrin as food ingredients. 1975. 

Evaluatron of the health aspects of sodium thiosulfate as a food ingredient. 1975. 

Evaluation of the health aspects of gelatin as a food ingredient. 1975 
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Contributing authorship on tho following publlwtions of the Life Sciences ReMarch 
Office, Federation of h o r i a n  Societias of Experimental Biology (FASEB): 

Evaluation of the health aspects of bile salts and ox bile extract as fwd ingredients. 1975. 

Evaluation of the health aspects of chdine chloride and choline bitarkate as food 
igredients.1975 

Evaluatm of the health aspects of aluminum compounds as food mgredients. 1975 

Evaluation of the health aspects of tallow, hydrogenated (allow, steam add. and calclum stearate 
as food ingredlents. 1975. 

Evaluatm of the health aspects of phosphates as food ingredients. 1975. 

Evaluation of the health aspects of the tocopherols and a-toccphetyi acetate as food ingredients. 
1975. 

Evaluation of the health aspects of sorbic acid and its salts as food Ingredients. 1975. 

Evaluation of the health aspects of hydrogenated fish oil as a food ingredient. 1975. 

Evaluation of the health aspects of beeswax (yellow or whlte) as a food Ingredient. 1975. 

Evaluation of the health aspects of inosltol as a food ingredient. 1975. 

Evaluation of the health aspects of malk acid as a food ingredient 1975. 

Evaluation of Ihe health aspects of Japan Wax as a substance migrating to food from cotton OT 
cotton fabriw used in dry food packaging. 1976. 

Evaluation of the health aspects of carnauba wax as a food ingredient. 1976. 

Evaluation of me healm aspects of sulfamffi acid as I1 may migrate to foods from packaging 
matenals. 1976. 

Evaluation oi me health aspects of hydrosuifltes as they may migrate to foods from packagtng 
matenals. 1976. 

Evalualion of the health aspects of gum guaiac as a food Ingredient. 1976. 

Evaluation of the health aspects of tall oil as It may migrate to foods from packaging rnatenais. 
1976 

Evaluation of the health aspects of corn sugar (dextrose), wrn  syrup and invert sugar as food 
ingredients. 1978. 

Evaluation of the health aspecls of sucrose as a food Ingredient. 1976. 

Evaluation of the health aspects of sulfiting agents as food ingredients. 1976 

Evaluation of the health aspects of glycerophosphates as food ingredients 1976. 

Evaluatmn of the health aspects of magnesturn salts as food ingredients. 1976. 

Evaluabon of the health aspects of sodium hydroxide and potassium hydroxide 
as food ingredients. 1976. 
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Contributing authorship on the foliowlng pubUcattonr of the Life Sciences Research 
oific+ Fedantion of Amerlcsn Soclotler of Experimental Blolopy (FASEB): 

Evaluation of me health aspects of adipic add as a food ingredient. 1976 

Evaluatm of the health aspects of hydrogenated soybean oil as a food ingredient. 

EvaluaW of the heaith aspects of formic acid, Sodium fOrmate, and ethyl formate as food 
1ngredient9 1976. 

Evaluation of the health aspects of lard and lard MI as they may migrata to foods ffm packaging 
materials. 1976. 

Evaluation of the health aspacts of pyridoxine and pyridoxine hydrochloride as food ingredients. 
1977 

Evaluation of the health aspects of papain as a food ingredient. 1977. 

Evaluation of me health aspeas of hypophosphites as food ingredients 1977. 

Evaluation of the health aspects of C O ~ U ~  OR. peanut oil, and oleic acid as they migrate to food 
from packaging materials. and linoleic acid as a food ingradient. 1977. 

Evaluation of the health aspects of pectin and pectinales as food ingredients. 1977 

Evaluation of the health aspects of tannic and as a food ingredient 1977. 

Evaluation of the health aspects of rennet as a food ingredient. 1977. 

Evaluation of the health aspects of acetic acid and sodium acetate as food ingredients. 1977. 

Evaluation of the health aspects of sodium oleate and sodium palmtiate as substances migrating 
to food from paper and paparboard used in food packaging. 1977. 

Evaluation of the health aspects of corn silk as a food ingredient. 1977. 

Evaluation of the health aspects of bentonite and day (kaolin) as food ingrediaots.1977 

Evaluation of the health aspecls of citric add, sodium mate. potassium citrate. caluum citrate. 
ammonium citrate, triethyi citrate. isopropyl citrate. and steag citrate as food ingredmts. 1977. 

Evaluation of the health aspects of l ack  add and calcium lactate as food ingredients, 1978. 

Evaluabon of the health aspects of calcium pantothenate. tcdlum pantothenate. and D- 
pantothenyl acohol as food ingredients. 1978 

Evaluahon of the health aspects of Vitamin 812 as a food ingredient. 1978. 

Evaluabon oftha health aspects of Vitamin 02 and Vitamin 03 as food ingredients. 1978. 

Evaluatton of the health aspects of caffeine as a fwd  ingredient. 1978. 

Evaluatm of lhe health aspects of certain glutamates as food mgredienb. 1978. 

Evaluahon of the heaith aspects of p7otein hydroiyzales as focd ingredmnts. 1978 

Evaluabon of the health aspects of buwated hydroxyanisde as a food 
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Contributing authonhlp on the following publlcatione of the Life Sciences Research 
OfPlce, Federation of American Societies of Erperlmenhl Blobgy (FASEB): 

ingredient. 1978. 

Evaluafton of the health aspects of sodium, potassium, magnesium and zinc gluconates as food 
lngredients 1978. 

Evaluation of the health aspects d urea as a food ingredient. 1978 

Evaluation of me health aspects of thmrnin hydrochiwide and thiamin mononttrate as fa 
ingredients 1978. 

Evaluation of the health aspects of biobn as a food lngredwnt. 1978. 

Evaluation of the health aspects of asc01W acid. sodlum ascorbate. calcium ascorbate. 
e ~ w b i c  add, sodium erythorbate, and abmrbyl pairnitate as 
food ingredients. 1979. 

Evduatlon of the health aspects of propionic acid. calcium ptopionate, sodium propionate. 3ilauryi 
thiodipmpbnate. and lhlodiproplonk acid as food ingredients. 1979. 

Evaiuation of the health aspects of casein. sodium caseinate, and calcium caseinate as food 
ingredients. 1979. 

Evaluation of the health aspects of ntckel as a food ingredient. 1979 

Evaluation of the health aspects of soy protein Isolates as food ingredients. 1979. 

Evaluation of the health aspects of carotene @-carotene) as a food ingredient, 1979. 

Evaluation of the health aspects of nitrogen. helium. propane. n-butane. isobutane, and nitmus 
oxide as gases used in foods. 1979. 

Evaluation of the health aspects of hydrogen peroxide as a fwd ingredient. 1979. 

Evaluation of the health aspects of riboflavin and riboflavm-5-l-phosphate as food ingredients. 

Evaluation of the health aspects of starch and modified starches as focd ingredients. 1979. 

Evaluation d the health aspects of Wbcn doxide as a food ingredient. 1979. 

Evaluation of the health aspects of sodium chloride and potassum chloride as food ingredients. 
1979. 

Evaluaton of the health aspects of certain sdites as f w d  ingredients. 1979. 

Evaluation of the health aspects of manganous salts as food ingredients 1979. 

1979. 

Evaluation of the health aspects of copper gluconate, copper sulfate, and cuprous iodide as food 
ingredients 1979. 

Evaluabon of [he health aspects of hydrochloric ac13 as a food ingredlent. 1979 

Evaluation of the health aspects of lecithin as a food ingredient. 1979 
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ContrlbuUng ruthorshlp on the followlng publicatlonr of the Life Sciences Reoearch 
Office. Fedentlon of American Societies of Expwlmenhf Biology (FASEB): 

Evaluakm of the health aspects of potassium acid tartrate, sodlum potassium tartrate, sodium 
tarlrate and lartaric acid as Food ingredients. 1979. 

Evaluation of the heatth aspacts of slarter distillate and dlacetyl as food ingredients. 1980. 

Vitamin A. Vitamin A Acetate, and Vitamin A Palmitate as food ingredients 1980. 

Evaluation oi  the health aspects of iron and imn salts as food ingredients. 1980 

Evaluation of the health aspects of protein hydrolyzates as food ingredients. 1980. 

Evaluaion of the health aspects of coflagen as a food ingredent. 1981. 

Evaluation of the health aspects of methyl polyslicanes as food ingredients. 1981. 

Evaluation of the heallh sspeds of soya fa& acid aminas as food ingredients. 1981. 

Evaluation of the health aspects of activated carban (charcoal) as a fwd processing aid. 1981. 

Evalualion of me health aspects of smoke flavoring solutions and smoked yeast flavoring as food 
ingredients. 1981. 

Evaluation of the healrn aspects of wmmint oil as a food ingrediit. 1981. 

Evaluatlon of the health aspects of a mixture. Evaluation of the health aspects of diferrws. 
dipolassiumferrous, and potassium ferrocyanides as finding agents in wlne productlon. 1981. 

EvaluatKxl of the health aspects of wheat gluten, Corn gluten, and zein as food ingredients. 1981. 

Evaluation of the heallh aspects of peptones as food ingredients. 1981 

Evaluatii of the health aspects of shellac and shellac wax as food ingredients. 1981. 

Evaluation of the health aspects of sodium melasilicate and sodium rinc metesilicate as food 
ingrediints. 1981. 

Evaluatlon of the health aspects of oat gum, okra gum. quince seed gum, and psylllum seed husk 
gum as food ingredlents. 1982. 
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Contrlbutlng Authonhlp on the Following Publications of the National Academy of 
Scisnces: 

Pnncples and Procedures for Evaluating the Toxicity of Household Substances 
Commitlee for the Revision of NAS Publiilion 1138, Committee on Toucology. Assembly of hfe 
Sciences. National Research Ccuncil. National Academy of Sciences 
National Academy Press. Washington, D.C. 1977 
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Appendix F 
Japan Ministry of Health, Labor and Welfare, 
Permit for Labeling a Product as a Food for  
SpeczJied Health Use (green tea and oolong tea) 
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Health,  Labor and Welfare 

Flinisrry Food Proddct Evaluat ion No. 3 0 6 0 0 1  

Permit for l a b e l i n g  a product 

a s  a Food f o r  Spec i f i ed  t iealth Use 

Name of appl ican- , :  Kao Corporation 

Withrespect  to"tiealthyaGreenTea"forwhichapp1ication 

was made on Apr i l  18, 2001, I grve t h e  a p p l i c a n t  permission 

t o  i n d i c a t e  "Food for Speci f ied  Health Use" on t h e  l a b e l  of 

t hep roduc tconce rnedasdesc r ibedbe low,  a c c o r d i n g t o A r t i c l e  

12, Paragraph 1 of t h e  Nu t r i t i on  Improvement Law (Law No. 248  

t h a t  w a s  enac ted  i n  1 9 5 2 ) .  

March 6, 2 0 0 3  

Chikara Sakaguchi 

Minis te r  of Health,  Labor and Welfare 

:Stamped w i t h  t h e  M i n i s t e r ' s  s e a l ]  

De ta i l s  

?errnit n m b e r :  No. 4 6 6  
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HealLh, Labor and Welfare 

M i n i s t r y ' s  Food Product Evaluat ion No. 306002 

Permit f o r  l abe l ing  a product 

a s  a Food f o r  Spec i f ied  Health Use 

Name of a p p l i c a n t :  Kao Corporat ion 

Withrespect to"HealthyaOolonqTea"forwhichapp1ication 

was made on Apr i l  18 ,  2001,  I g ive  t h e  app l i can t  permission 

t o  i n d i c a t e  "Food f o r  Spec i f ied  Health ase"  on t h e  l a b e l  of 

t hep roduc tconce rnedasdesc r ibedbe low,  a c c o r d i n g t o A r t i c l e  

1 2 ,  Paragraph l o f t h e  Nu t r i t i on  Improvement Law (Law N o .  2 4 8  

t h a t  was enacted i n  1 9 5 2 ) .  

Chlkara Sakaquchi 

Minis ter  o f  Health,  Labor and Welfare 

[Stampea w i t h  the  M i n i s t e r ' s  s e a l ]  

Deta i l s  

Permit nunber: No. 4 6 7  

Con:entof label ing:As ' ; h l s o o l o n g t e a c o n t a i n s a l a r g e a m o u n - ,  

cf t e a  ca t ech in ,  it i s  si;i:able f o r  people who a r e  cancerr.ed 

800129 



about  body f a t .  

C t h e r s :  

A s  f o r  t h e  "amount of da i 1 y i n t a k e '' , t h e  f o 1 1 ow i n g 1 a b  e 1 i n g 

n u s t  be made. 

" P l e a s e d r i n k t h i s  : e a w i t n o r . e b o t t i e p e r d a y a s  a rough 

s t a n d a r d .  " 

A s f o r t h e " P r e c a u t i o n s t o t a k e ~ n i t s i n t a k e ' , t h e f o l l o w i n g  

l a b e l i n g  m u s t  be made. 

The i n t a k e  of a l a r g e  amount of : h i s  Lea n e i t h e r  

c u r e s  d i s e a s e  nor promotes h e a l t h .  

0 One b o t t l e  o f  t h i s  p r o d u c t  c o n t a i n s  80 m g  of c a f f e i n e ,  

so p l e a s e  o b s e r v e  t h e  recommended d a i l y  i n t a k e . "  

I f  any new f a c t  concern ing  t h e  h e a l t h  care e f f e c t  o r  

s a f e t y o f  t h i s  foodproduct  i s  found, 1 t m u s t  beprompt ly  informed 

t o  t h e  O f f i c e  o f  Heal th  P o l i c y  on N e w l y  Developed Food in :he 

P o l i c y P l a n n i n g D l v i s i c n o f D e p : . o f F o o d S a f e t y , ? h a r m a c e u t ~ c a 1  

a n d F o o d S a f e t y  Bureau, H i n i s t r y o f  Xeal th ,  Laborand  Welfare .  



' T a l  5 4 3 8  6 B , 
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11/83/2086 07:38 8042851481 
TW 1% Pm 01 

t ieal th ,  Labor and Welfare 

Minis t ry  Food Product Evaluat ion N o .  1209004 

Permit fat l a b e ? x g  a product 

as a Food f o r  S p e c i f i e d  Health Use 

Name of app l i can t :  Kao Corporat ion 

Wi th  r e s p e c t  to “Healthya Mater”forwhichappl ica t ionwas  

nade on December 22 ,  2 0 0 4 ,  I give t h e  a p p l i c a n t  permission ta 

i n d i c a t e  “Food for Spec i f i ed  Heal th  Use” on t h e  label of t h e  

product  concerned as desc r ibed  below, pursuant  t o  A r t i c l e  2 6 ,  

Paragraph 1 of t h e  Heal th  Promotion Law (Law No. 103 t h a t  wa9 

enacted i n  2 0 0 2 ) .  

Decepber 9, 2005 

J i r o  Kawasaki 

Min i s t e r  of Health, Labor and Weifare 

[Stamped with the M i n i s t e r ‘ s  s e a l ]  

D e t a i l s  



11/83!2686 87: 38 8642851481 
PAGE 02 

?errnit n m b e r :  No. 7 1 3  

Content of labe l ing :  

RS t h i s  product conta ins  a l a r g e  amount of t e a  catechir.  

and can f a c i l i t a t e  t h e  u t i l i z a t i o n  of f a t  a s  energy, i t  i s  

s u i t a b l e  f o r  people  who a r e  concerned abotlt body f a t .  

Others: 

As for t h e  rough s tandard amount of d a i l y  in take ,  t h e  

following l a b e l i n g  s h a l l  be made. 

"Please dr ink  one b o t t l e  per day as a rough s tandard" 

As f o z t h e p r e c a u t i o n s : o t a k e i n i t s i n t a k e ,  t h e  fol lowing 

l a b e l i n g  s h a l l  be made. 

" * T h e  in take  ofalargeamountofthisdrinkneither cures 

disease n o r  promotes h e a l t h .  

Excessive intake of t h i s  dr ink  may l e a d  t o  d i a r r h e a  

depending on your physical  c o n s t i t u t i o n  o r  c u r r e n t  c o n d i t i o n . "  

P o r t h e p u r p o s e  ofpopularizingandencouragingabalanced 

d i e t ,  t h e  foilowing labe l ing  shall be m a d e .  

" T a k e a b a l a n c e d d i e t b a s e d o n a c o . ~ i n a t i o n o f s t a p l e  food, 

main d i s h e s  and side dishes."  



11/03[2086 07: 30 8042851401 

. 
TPP IN: P & E  83 

~fanynewfactconcerningthehealthcareeffectorsafety 

of this food product is found, it shall be promptly reported 

to the Off ice  o f  Health ?olicy on Newly Developed Foods in the 

Standards and Evaluation Diviqion of the Food Safety, 

Pharmaceutical and Food Safety Bureau, Ministry of Health. Labor 

and Welfare. 

000134 



Appendix G 
Safety Information on Tannase 
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Supplemental information 
“Safety information of Tannase” 

Prepared for: Morgan Lewis & Bockius, LLP 
1 1 I 1  Pennsylvania Ave., N.W. 

Washington, D.C. 20004 

Prepared by : Kao Corporation 
Health Care Products Research Labs. No.] 
2-1-3 Bunka Sumida-ku 

TOKYO 131-8501 JAPAN. 
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1. Identity and Regulatory Status 

Tannase is an acylhydrolase enzyme preparation from Aspergillus oryzae that can be used as 

a processing aid for manufacture of cold water-soluble tea beverages. 

A. Enzyme Commission number 

Tannase is Tannin acylhydrolase, EC 3.1.1.20 

~htt~://www.chem.amul.ac.uk/iubmb/enzvme/index.html~ 

Common name: tannase 

Reaction: digallate + H20 = 2 gallate 

Other name@): tannase S; tannin acetylhydrolase 

Systematic name: tannin acylhydrolase 

Comments: Also hydrolyses ester links in other tannins. 

Links to other databases: BRENDA, EztAS_Y_, KEGG, EBG-0, CAS registry number: 

9025-7 1-2 

References: I, Dyckerhoff, H. and Armbruster, R. Zur Kenntnis der Tannase. Hoppe- Seyler's 

Z. Phpsiol Chem. 219 (1933) 38-56. 

B. CODEX 

Tannase is listed in CODEX Inventory of Processing Aids 

/download/standards/1 I /CXA 003e.~df 

C. U.S. and Japan 

-Tannase is approved for the food additives in JaDan. good additive No.263) 

-Se l f -Gus  in the U.S. (Liptoid Unilever) 

*This information obtained from Tannase manufacturer (Kikkoman). 

The published pivotal study to support self-GUS is ; R.W.LANE, Safety Evaluation af 

Tannase Enzyme Preparation Derived from Aspergillus oryzae, Food and Chemical 

Toxicology, V0135, P 207-2 12 ( 1997) ' 
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D. Other information 

Tannase (manufactured by Kikkoman) is approved for the Kosher by Union of Orthodox 

Jewish Congregation of America. 

11. 

A. Prior Use of Tannase 

Tannase was originally used in Japan to produce commercial quantities ofgallic acid from 

tannic acid. Tannase has also been used to remove gallic acid from the polyphenols in tea, 

resulting in beverage that is cold-water-soluble. Tannase is widely used in the US. and other 

countries. 

Prior Use of Tannase and Aspergillus oryzue 

Followings are Tannase manufacturers: 

- Wako Laboratory Chemicals (US, Japan) h t t d w w w  w a k o u s a . c o m m i o ~ ~ o ~ ~ ~ ~ i i i d e x . h t m 1  

- Kikkoman (US, Japan) http.//www kikkoinan-usa corn/ 

- Julich Fine Chemicals (Germany) htt~:i/www.inelich~e-niicals delDuhlicidefault din 

- Great Western Chemical Co. (US) 

-. http,/l\.w w d a ~ h i n e r . ~ ~ n ~ . ~ ~ m ~ c a ~ / ~ d s ! ~ a ~ ~ v e s t e m / ~ r e a t w e s ~ e ~ . . h ~ ~  

- Enzyme Development Corporation (US) 

- SANKYO LIFETECH CO.,LTD. (Japan) http://www sankyQtokuhin netlfdi/syokuhin/list html 

Kao is considering the introduction of Tannase manufactured by Kikkoman. Kikkoinan has 

sold Tannase in US. for 10 years. (Several tens of metric tons ofTannase per year) 

B. 

-Aspergillus oryzae is a fungus that has been used extensively in producing foods in Japan 

httu,//www enzvmedeve&.m.gfilg& 

Prior Use of AspergiNus oryzur I 

and the Far East for perhaps 2000 years. 

- A .  oryzae is used tomakeu-amylase for flours in the U.S. (21CFR137.i05,21CFKl37.200) 

- A .  oryzae is used to make enzymes for baking and brewing in Europe. 

- It is not considered a hazardous micro-organism (NIH, 1986) 

- Barbesgaard et ai. determined that A oryae is not pathogenic or toxigenic to humans. 

- The particular strain of A. oryzae used to produce tannase is morphologically equivalent to 

other strains and is genetically stable 

- Tannase strain (Kikkomnn Corporation) was originally obtained from a Japanese KOJI 

manufacturer in 1944 (Sakaguchi and Yamada, 1944). 
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IV.  

A 91-day oral toxicity study in the rat and gene mutation study in Salmonella typhimurium 

were performed to establish the safety of the enzyme preparation for the consumer. General 

toxicity was low, with no adverse effects observed at highest dose tested, 1 % in the diet. 

Toxicology study (pivotal study to support self-GRAWS) 

Table 1. Daily intake of Tannase in subchronic feeding study 
Sex Concnof Total food Tolill tannase Body weight Daily tannase Daily tannase 

tannase In consumption consumption (mean for dose Dose 
diet (%) (mean. e) Jnnm. mg) study, g) (m@g/day) ( unitskpiday) 

M 0 I324 0 232 0 
001 1277 128 228 6.2 
0 1  131 I 1310 23 I 62 3 
I O  1280 12,800 226 622 31,516 

1 
j1,577.330unifs/dav) 
=>50kg body weight 

F 0 939 0 I46 0 
001 92 I 92 I45 7.0 
0. I 95 I 95 I I46 71.6 

___ I .o 933 9330 - I46 702 35,604 

* In Kao’s Green Tea Catechin manufacturing process, residual Tannase will be probably 

removed during extraction process. On the assumption that Tannase is not removed 

accidentally, we estimated that residual Tannase is; 20 units/ 1 bottle 

(calculation by used amount of tannase, 1 bottle: sports drink type 500mI) 

There is no evidence of mutagenic potzntial with or without metabolic activation. These 

results, together with knowledge of the production organism and the chemical and 

microbiological characterization of the enzyme preparation, indicate that Tannase can be 

regarded as safe for its intended use in processing tea. 
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V. Typical Product Characteristics 

Tannase treatment remove gallic acid from gallate type Catechins( mainly EGCG), 

[n current process, weight % of EGCG decreased from 26% to 19 8% and welght % of gallic 

acid increased from 0.34% to 2.73% (Fig.3). This gallic acid level is almost same level ofPu- 

erh Tea (Chinese Tea, Table 2 )  

Table 2. Gallic acid content of tea products 

Reference Gallic acid of Gallic acid of Gallic acid of 
black tea Pu-erli Tea __ green tea .- 

J. Agric. Food Chem., 0.23 %e 1.49 % 

“Kocha-no-Jiten” 3, _-_- 1 Yo 3 % 

1.83 % 
(0.1 %-I23 %) (0.78 - Yo-2.50 %) Vol. 46, No. 9, 1998 

BEST ORIGINAL COPY 

008148 
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Representative Batch Analysis Data for Three 
Lots of GTC 
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Representative Lots (GTC) 

Analysis data for 3 lots of GTC (Lots: 0404131T, Lots: 0406291T, Lots: 0406031K) 

Catechins and Polyphenol GTC GTC GTC 

(Lots :0404131T) (Lots :0406291T) (Lots :0406031K) 

Total Catechin Monomers 42% 39% 43% 

Polyphenols 50% 48% 50% 

Other components 

Caffeine 3 8% 3.5% 2 3% 

Organic acids 7 1% 7.4% 1 6 %  

Protein and Amino Acids 5 9% 5.6% 5 9% 

Saccharide 9.5% 9 6% 9.7% 

Fiber < o  1% < 0.1% <0.1 % 

Fat <0.1% <0.1 % < 0 1 %  

Ash 2 4% 3.0% 2 3% 

Catechin Profile 

Gallocatechin (GC) 3.0% 2.9% 3.3% 

Epigallocatechin (EGC) 12.6% 11.4% 12 9% 

Catechin (C) 0.9% 0.9% 1.2% 

Epicatechin (EC) 3 7% 3.1% 3.3% 

Epicatechin gallate (ECG) 5.1% 4.3% 4.6% 

Epigallocatechin gallate (EGCG) 16 4% 15.4% 16.1% 

Gallocatechin gallate (GCG) 0.8% 0.9% 0 9% 

Catechin gallate (CG) 0.4% 0.4% 0 4% 

I-WAl2651101 6 000151 



Representative Lots - Tannase-treated GTC 

Analysis data for 3 lots of Tannase-treated GTC (Lots: 0512231C, Lots : 0601281C, 
Lots : 0606181C) 

Catechins and Polyphenol Tannase-treated Tannase-treated Tannase-treated 
GTC GTC GTC 

(Lots :0512231C) (Lots :0601281C) (Lots :0606181C) 

Total Catechin Monomers 62% 62% 63% 

Polyphenols 69% 69% 71% 

Other components 

Caffeine 15% 1.5% 13% 

Organic acids 1.6% I .8% 2.1% 

Protein and Amino Acids 

Saccharide 

Fiber 

Fat 

Ash 

Catechin Profile 

Gallocatechin (GC) 

Epigallocatechin (EGC) 

Catechin (C) 

Epicatechin (EC) 

Epicatechin gallate (ECG) 

3 1% 

7.3% 

<0.1% 

< o  1% 

1.2% 

5 9% 

20.5% 

1 9% 

6.2% 

5.0% 

Epigallocatechin gallate (EGCG) 19 8% 

Gallocatechin gallate (GCG) 2 5% 

Catechin gallate (CG) 0.6% 

4.4% 

7.3% 

< 0.1% 

< 0 1 %  

1 6% 

5.1% 

21.0% 

1 9% 

5.7% 

5.3% 

3.8% 

6.8% 

< o  1% 

< 0  I %  

1.7% 

4.8% 

2 1 .O% 

1 9% 

5 5% 

5.1% 

20.8% 22 0% 

1.6% 1 2% 

0.5% 0.5% 

I-WA/2651101 6 
800152 



SUBMISSION END 

000153 



Reference List for Industry Submission, GRN 000225
Pages Author Title Publish Date Publisher BIB_Info

000136 - 
000141

Lane, R.W.; 
Yamakoshi, J.; 
Kikuchi, M.; 
Mizusawa, K.; 
Henderson, L.; Smith, 
M.

Safety Evaluation of 
Tannase Enzyme 
Preparation Derived from 
Aspergillus oryzae

1997 Food and Chemical 
Toxicology

pgs 208 - 212

Page 1 of 1

NA- Not applicable




