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SENT VIA FEDEX 

‘ 2 4  October 8, 2010 

Robert L. Martin, Ph.D. 
Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food And Drug Administration 
51 00 Paint Branch Parkway 
College Park, MD 20740-3835 

+ -  -- 
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L/ 
Division Of 

RiotechnoIogy and 
“?S Notice Review 

- 
._cL- - .. 

Re: GRAS Notice for Cyclic Dextrin, Highly Branched 

Dear Dr. Martin: 

In accordance with proposed 21 CFR 91 70.36 [Notice of a claim for exemption based on a 
Generally Recognized As Safe (GRAS) determination] published in the Federal Register [62 FR 
18938 (1 7 April 1997)], I am submitting in triplicate, as the notifier (Ezaki Glico Co., Ltd., 4-6-5, 
Utajima, Nishioyogogawa, Osaka, Japan], a Notice of the determination, on the basis of 
scientific procedures, that Ezaki Glico’s cyclic dextrin, highly branched, as defined in the 
enclosed documents, is GRAS under specific conditions of use as a food ingredient, and 
therefore, is exempt from the premarket approval requirements of the Federal, Food, Drug and 
Cosmetic Act. Information setting forth the basis for the GRAS determination, which includes a 
comprehensive summary of the data available and reviewed by an independent panel of experts 
in support of the safety of cyclic dextrin, highly branched under the intended conditions of use, 

FL also are enclosed. 
b*.’- 

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

Sincerely, 

Takashi Kuriki 
Chief Scientific Officer 

Encl. 

1 

(b) (6)



Highly Branched 

Submitted to: Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied 
Nutrition (CFSAN) 
Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 
U.S.A. 20740-3835 

Submitted by: Ezaki Glico Co., Ltd 
4-6-5, Utajima, Nishioyogogawa 
Osaka, Japan 

October 7,2010 
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GRAS Exemption Claim for Cyclic Dextrin, 
Highly Branched 

I GRAS Exemption Claim 

LA Claim of Exemptlon from the Requlrement for Premarket Approval Pursuant to 
Proposed 21 CFR §170.36(~)(1) [62 FR 18938 (17 Aprll1997)] (U.S. FDA, 1997) 

Cyclic dextrin, highly branched has been determined to be Generally Recognized as Safe 
(GRAS) by Ezaki Glico Co., Ltd. (Ezaki) for use in a variety of traditional food products, 
consistent with Section 201 (s) of the Federal Food, Drug, and Cosmetic Act. This determination 
is based on scientific procedures as described in the following sections. Therefore, the use of 
cyclic dextrin, highly branched in food as described below is exempt from the requirement of 
premarket approval. 

Signed, 

I . , *,'= 0c.rObw /9 1 LolO 
Takashi Kuriki Date 
Chief Scientific Officer 
Ezaki Glico Co., Ltd 
4-66, Utajima, Nishioyogogawa 
Osaka, Japan 

1.6 Name and Address of Notlfler 

Takashi Kuriki 
Chief Scientific Officer 
Ezaki Glico Co., Ltd 
4-6-5, Utajima, Nishioyogogawa 
Osaka, Japan 

Telephone: (06)6477-8425 
Facsimile: (06)6477-8362 
Email: kuriki-takashi@glico.co. jp 
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I *. 

1.C Common Name of the Notified Substance 

The common name of the notified substance is cyclic dextrin, highly branched. 

1.D Conditions of intended Use in Food 

Ezaki intends to market cyclic dextrin, highly branched [trade name Cluster Dextrin@ (CCD@)] as a 
food ingredient in the United States (U.S.) in a variety of traditional food products, including baked 
goods and baking mixes, beverages and beverage bases, breakfast cereals, tea, grain products, 
seasonings, milk and plant protein products, processed fruits and vegetables and fruit and 
vegetable juices, soft candy, and powdered soups. Cyclic dextrin, highly branched will be added 
to selected ready to eat foods and beverages at maximum use levels of up to 30%. In products 
requiring further preparation prior to consumption (Le., beverage powders, powdered seasonings, 
and dry soup mixes), cyclic dextrin, highly branched will be added at maximum use levels of up to 
75%. The resulting cyclic dextrin, highly branched levels will range from 0.25 to 24 g per 
Reference Amount Customarily Consumed per eating occasion (RACC) (21 CFR 101 .I 2 - U.S. 
FDA, 2009). 

1.E Basis for the GRAS Determination 

Pursuant to Title 21, Section 170.30 of the Code of Federal Regulations (CFR) (U.S. FDA, 
2009), cyclic dextrin, highly branched has been determined to be GRAS on the basis of 
scientific procedures. This GRAS determination is based on data generally available in the 
public domain pertaining to the safety of cyclic dextrin, highly branched, as discussed herein, 
and on consensus among a panel of experts who are qualified by scientific training and 
experience to evaluate the safety of the cyclic dextrin, highly branched ingredient as a 
component of food [see Appendix A, entitled “EXPERT PANEL CONSENSUS STATEMENT 
CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF CYCLIC 
DEXTRIN, HIGHLY BRANCHED FOR USE IN FOODS]. 

At the request of Ezaki, an Expert Panel (“the Expert Panel”) of independent scientists, qualified 
by their relevant national and international experience and scientific training to evaluate the 
safety of food ingredients, was specially convened on July 15, 2008 to conduct a critical and 
comprehensive evaluation of the available pertinent data and information, and to determine 
whether the intended uses of cyclic dextrin, highly branched as a food ingredient are safe and 
suitable and would be GRAS based on scientific procedures. 

The Expert Panel consisted of the following qualified scientific experts: Dr. Joseph F. Borzelleca 
(Virginia Commonwealth University School of Medicine), Dr. Paul M. Kuznesof (independent 
consultant), and Dr. William J. Waddell (University of Louisville School of Medicine). 

The Expert Panel convened on behalf of Ezaki independently and collectively, and critically 
evaluated the data and information summarized herein and concluded that the intended uses in 

Ezaki Glico Co., Ltd. 
October 7.2010 
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GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

traditional foods described herein for cyclic dextrin, highly branched, meeting appropriate food- 
grade specifications and manufactured according to current Good Manufacturing Practice 
(cGMP), are safe and suitable and GRAS based on scientific procedures. It also is the Expert 
Panel’s opinion that other qualified and competent scientists reviewing the same publicly 
available toxicological and safety information would reach the same conclusion. 

Cyclic dextrin, highly branched is GRAS based on scientific procedures for its intended use as a 
food ingredient; therefore, it is excluded from the definition of a food additive, and thus, may be 
marketed and sold for its intended purpose in the U.S. without the promulgation of a food 
additive regulation under Title 21 of the CFR. 

1.F Availability of Information 

The data and information that serve as the basis for this GRAS Notification will be sent to the 
U.S. Food and Drug Administration (FDA) upon request, or will be available for review and 
copying at reasonable times at the offices of: 

Ezaki Glico Co., Ltd 
4-6-5, Utajima, Nishioyogogawa 
Osaka, Japan 

Should FDA have any questions or additional information requests regarding this notification, 
Ezaki will supply these data and information. 

II. Detailed Information About the Identity of the Substance 

1I.A Identity 

The cyclic dextrin, highly branched ingredient is a white odorless powder. The highly-branched 
cyclic dextrin molecules of the ingredient are branched cyclic oligosaccharides, in which the 
structural units consist of a-D-glucose monomers. Cyclic dextrin, highly branched comprises of 
at least 80% highly-branched cyclic dextrin molecules, which are characterized by a molecular 
weight ranging from 30,000 to 1,000,000 and a weight-average degree of polymerization of 
2,500 glucose units. The dextrose equivalent (DE) value of the ingredient, a measure of the 
reducing power (D-glucose), is <5 (the DE value of dextrose is 100). The short linear chains 
within the ingredient are composed of a-( 1,4)-linked glucose units with branching occurring via 
a-( 1,6) glucosidic bonds. The cyclic a-glucan moiety of the cyclic dextrin, highly branched 
ingredient is linked to the adjacent branched cluster via an a-( 1,6) glucosidic bond and is 
composed of 16 to 100 a-linked glucose units. The ingredient also contains small amounts of 
single glucose molecules (~3.5%) and other saccharide molecules with molecular weights 
outside the range of the highly-branched cyclic dextrins. The final ingredient is referred to as 
“cyclic dextrin, highly branched” and a pictorial representation is provided in Figure 1I.A-I below. 

Ezaki Glico Co., Ltd. 
October 7, 2010 
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GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

Common or Usual Name: Cyclic dextrin, highly branched; highly- * 
branched cyclic dextrin; partially degraded 
maize starch 

Not applicable 

30,000 to 1,000,000 g/mol 

Trade Name: Cluster Dextrin@; CCD@ 

Chemical Abstracts Service (CAS) Number: 

Molecular Weight: 
Empirical Formula and Formula Weight: (C6H1005)'XH20 

Figure L A - I  Pictorial Representation of Various Branched Dextrins, Including a Highly- 
Branched Cyclic Dextrin 

G - 4 4 4  
3 Highly-branched cyclic dextrin -& 

-+ a/pha-I ,Clinkage, --+ alpha-I ,6-linkage 
G = glucose unit 

1l.B Method of Manufacture 

A schematic diagram of the general manufacturing process employed to produce cyclic dextrin, 
highly branched is illustrated in Figure 11.8-1. The starting material for the production of cyclic 
dextrin, highly branched is derived from waxy corn and consists of unmodified food starch, -. L 

6 
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GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

I 
&+ 

which is GRAS based on a history of common use in food. Starch from waxy corn is 
predominantly in the form of amylopectin, with an amylose content of less than 1 % (Buleon et 
a/., 1988). The manufacturing process of cyclic dextrin, highly branched includes 2 sequential 
enzymatic reactions using safe and suitable enzymes. The first enzymatic reaction involves 
hydrolysis of the food-grade waxy corn starch with a-amylase (EC 3.2.1.1 ) derived from non- 
genetically modified Bacillus subtilis. The starch slurry is mixed with the a-amylase solution and 
rapidly heated. a-Amylase hydrolyzes the a-( 1,4) glucosidic bonds between clusters along the 
main linear chain of amylopectin. Thus, the hydrolysis reaction results in the release of 
clustered oligosaccharides composed of short linear a-( 1,4) glucose chains interlinked via 
a-(I ,6) bonds (see Figure 1I.A-I in the previous section). As a result of the high temperature 
heating, the a-amylase is rapidly denatured during the reaction. Following the hydrolysis 
reaction, the mixture is cooled and the pH adjusted for the second enzymatic step. 

The second enzymatic step is mediated by 1,4-a-D-glucan branching enzyme [( 1+4)-a-D- 
glucan:( 1 -4)-a-D-glucan 6-a-D-[( 1 +4)-a-D-glucano]-transferase); EC 2.4.1.18; CAS No. 9001- 
97-21, also known as branching enzyme, derived from a non-genetically modified Bacillus 
stearothermophilus strain TRBEl4 or a genetically-modified B. subtilis strain 168. The 
branching enzyme is considered to be safe and suitable for the production of cyclic dextrin, 
highly branched’. It should be noted that the bacteria used to produce the branching enzyme 
preparation are lysed and removed from the enzyme preparation via filtration at the enzyme 
production stage. Therefore, only a semi-purified filtrate of the enzyme is added to the starting 
material for the synthesis of cyclic dextrin, highly branched. The branching enzyme is 
responsible for catalyzing the cyclization reaction within an oligosaccharide cluster via 
intramolecular transglycosylation. The branching enzyme carries out this reaction by 
transferring a terminal reducing glucose unit from the main a-( 1,4) glucose chain to an acceptor 
glucose unit of the adjacent cluster via a a-(1,6) glucosidic bond (see Figure LA- I  in the 
previous section). The end product is a highly-branched cyclic dextrin molecule, in which the 
cyclic a-glucan moiety is reminiscent of cyclodextrin ingredients (Le., a-, p-, y-cyclodextrin). 
During the branching enzyme reaction, sodium hydroxide is added for pH-controlling purposes. 
Following completion of this second enzyme-catalyzed reaction, the branching enzyme is 
denatured and inactivated by pH adjustment with hydrochloric acid and high temperature 
heating. Cyclic dextrin, highly branched is subsequently decolorized by the addition of activated 
carbon and further purified by filtration through diatomaceous earth, perlite, and an ion- 
exchange resin. To remove moisture prior to packaging of the final product, the ingredient is 
subjected to evaporation and spray drying. All processing aids used in the manufacture of 
cyclic dextrin, highly branched are used in compliance with appropriate federal regulations as 
indicated in Table 11.8-1. 

A GRAS Exemption Claim for 1,4-a-D-glucan branching enzyme derived from non-genetically modified 1 

B. stearothermophilus strain TRBE14 and genetically-modified B. subtilis strain 168 has been concurrently submitted 
to FDA. 

Ezaki Glico Co., Ltd. 
October 7.2010 
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GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

Table 1I.B-1 List of Enzymes and Processing Aids Used in the Manufacture of Cyclic 
Dextrin, Highly Branched 

1- EnzymelProcessing Aid 

a-Amylase (EC 3.2.1.1) (from 
non-genetically modified Bacillus 
subtilis) 

1 ,Ca-D-glucan branching 
enzyme (EC 2.4.1.18) (from 
non-genetically modified Bacillus 
sfearothermophilus TRBEI 4 or 
genetically-modified B. subtilis 
168) 

Ethanol 

Diatomaceous Earth 

I Activated carbon 

Ion-exchange resins 
Chloromethylated copolymer of 
styrene-divinylbenzene and 
dimethylethanol amine or 
dimethylamine 
Sulfonated copolymer of 
styrene and divinylbenzene 

I Hydrochloric acid 

I Sodium hydroxide 

Function 

Hydrolysis of waxy corn 
starch 

Catalyzes a cyclization 
reaction 

Preservative for 
branching enzyme 

Filter medium 

Filtration aid 

Decolorizing agent and 
filtration aid 

Purification 

pH control agent 

pH control agent 

Reference to Appropriate Use in Food 

No specific regulation pertaining to a-amylase; 
however, carbohydrase preparations derived from 
B. subtilis, characterized in part by the presence of 
a-amylase, are affirmed as GRAS for use as direct 
food substances 
(21 CFR 6184.1 148) 

No specific regulations pertaining to branching 
enzymes: however, a GRAS Exemption claim for 
1,4-a-D-glucan branching enzyme (EC 2.4.1.18) 
from these same sources has been concurrently 
submitted to FDA 

21 CFR 9184.1293 Ethyl alcohol 

21 CFR 9178.3297 Diatomaceous earth 

No specific regulations pertaining to perlite; 
however, perlite is permitted for use as a 
component of composite filtration media, which are 
GRAS as filter aids in food processing (GRAS 
Notice No. GRN 000087) 

No specific regulations pertaining to activated 
carbon; however, activated carbon is permitted for 
use as a filtration aid in the treatment of water for 
the following: 
1. the manufacture of distilled alcoholic beverages 
following treatment with ion-exchange resins (21 
CFR 91 73.25): and 
2. the fermentation production of citric acid by 
Candida lipolytica (21 CFR 5173.165) 

21 CFR 9173.25 Ion-exchange resins 

21 CFR 9182.1057 Hydrochloric acid 

21 CFR Q 184.1763 Sodium hydroxide 

Ezaki Glico Co., Ltd. 
October 7,201 0 
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GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

Figure 1I.B-I Schematic Overview of the Manufacturing Process for Cyclic Dextrin, 
Highly Branched 

alpha-Amylase 

I Hydrolysis I 
7 

Enzyme inactivation 
Branching enzyme _ _ _  _ _ _ _ _ _  ~ _ _ _ _ _ _  $ 

Cyclization reaction L 
Enzyme inactivation 

b l +  
I Filtration I 

Decolorization & deionization 

I Evaporation I 

I Spray Drying I 

Cylic dextrin, highly branched 

1I.C Specifications and Analytical Data for Food Grade Material 

Cyclic dextrin, highly branched is produced in accordance with cGMP, and in order to ensure a 
consistent and safe product, Ezaki has established food-grade specification parameters for the 
final ingredient. These parameters comprise of specifications for the physical appearance, 
identification, and purity of cyclic dextrin, highly branched. Not less than 80% of the final 
product consists of highly-branched cyclic dextrin molecules of molecular weight ranging from 
30,000 to 1,000,000. Glucose makes up less than 3.5% of the final product and moisture and 
ash content account for less than 6% of the final product composition. The remainder of the 
product (approximately 10%) is composed of saccharide molecules with molecular weights 
outside the range of the highly-branched cyclic dextrins (Le., saccharide molecules with 
molecular weights that are <30,000 or >I ,000,000). In addition, several specifications for 
potential chemical impurities and microbiological contaminants similar to those included for 
other food ingredients have been included to ensure safety of the use of the ingredient in food. 
The product specifications for cyclic dextrin, highly branched are the same irrespective of the 

Ezaki Glico Co., Ltd. 
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GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

Odor 
Foreign matter 

source of the branching enzyme that is used to carry out the cyclization reaction. The product 
specifications for cyclic dextrin, highly branched and the methods of analyses are presented in 
Table 1I.C-I and in Appendix C. Details of the method of analysis for the content of the highly- 
branched cyclic dextrin molecules are provided in Appendix B. 

Odorless Sensory analysis . '  

Negative Visual examination 

Analyses of 5 non-consecutive lots (3 for heavy metal analyses) of cyclic dextrin, highly 
branched confirm that the material produced by the manufacturing process is consistent and 
complies with the product specifications, meeting appropriate food-grade specifications. The 
analytical data also demonstrate the absence of any chemical impurities or microbiological 
contamination. Other analytical data generated by Ezaki confirm the absence of protein and 
lipid due residual enzyme and bacterial remnants, and of sulfur dioxide used in the production of 
starch from corn. Details of the methods of analysis for these parameters are provided in 
Appendix B. The analytical results indicate that protein, lipid, and sulfur were not detected in 3 
non-consecutive lots of cyclic dextrin, highly branched, thus demonstrating successful removal 
of the production enzymes and bacterial remnants during the filtration process and the absence 
of sulfur in the final ingredient. A summary of the analytical data and complete certificates of 
analysis for these lots are provided in Appendix C. 

Glucose (YO) 
Saccharides <30,000 MW (excluding 
glucose) and > I  ,000,000 MW (YO) 
Loss on drvina (!LO) 

I Table 1I.C-I Product Specifications for Cyclic Dextrin, Highly Branched I 

Less than 3.5 

Less than 14 

Less than 5.5 

FCCa HPLC analysis 
Calculated by differencee 

FCC Loss on drving 

I Soecification Parameter I Soecification Reauirement I Method of Analvsis I 

Heavy metals (ppm) 
Arsenic (As2031 ltmm) 

IAppearGce 

Less than 4 
Less than 1 FCC AAS 

FCC Colorimetric analysis 

I White powder I Visual examination I r . w l  

I Dextrose equivalents I Lessthan5 Modified Somogyi-Nelson 
methodaeb I 

I Assav lHBCD content) I % )  I Not less than 80 I HPLC analvsis' I 

Residue on ignition (YO) 
Heavv metals 

I Less than 0.05 I FCC Residue on ignition 

Lead (PPm) I Less than 1 I FCCAAS 
Microbiolwkal Parameters 

I Less than 300 
I Standard plate count (CFU/g) BAM', Chapter 3, Conventional 

Plate Count Method I 
Coliform count Negative BAM, Chapter 4, Conventional 

Method for Determining Coliforms 
and Escherichia coli 

0 0 0 0 1 3  
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~~ 

Specification Parameter 

Yeasts (CFUIg) 

Molds (CFUIg) 

Table 1I.C-1 Product Specifications for Cyclic Dextrin, Highly Branched 
Specification Requirement Method of Analysis 

Less than 50 BAM, Chapter 18, Enumeration of 
Yeast and Mold in Food - Dilution 
Plating Technique 

BAM, Chapter 18, Enumeration of 
Yeast and Mold in Food - Dilution 
Plating Technique 

Less than 50 

1I.D Additional Chemical Analyses 

II.D.l PesticidelHerbicide Analysis 

For a typical lot of corn imported from the U.S. to Japan, pesticide screening, comprising over 
400 substances, is conducted on an annual basis. The substance list is based on the list 
published by the Japanese Ministry of Health, Labour, and Welfare and includes pesticides for 
which FDA has established action levels. Results of analysis indicate that the levels of these 
substances in corn are below the limits of detection and comply with the action levels 
established by FDA for poisonous or deleterious substances in human food (U.S. FDA, 2000a) 
as summarized in Table II.D.l-I. Additionally, the Japanese Starch & Sweeteners Industry 
Association lists 69 substances as major chemicals used in the U.S. and also requires that 
testing is conducted for levels of these substances once a year. The list provided by the 
Japanese Starch & Sweeteners Industry Association is based on the U.S. usage status of 
chemicals appearing in the U.S. Department of Agriculture (USDA) Agricultural Chemical Usage 
Field Crops Summaries for the years 2000 through 2008. Again, analytical results indicate that 
the levels of these substances in corn are below the limits of detection. The association 
additionally lists 8 major pesticidedherbicides that should be monitored on a regular basis, and 
which include aluminum phosphide, malathion, pirimiphos-methyl, atrazine, acetochlor, 
fenitrothion, glufosinate, and glyphosate. Ezaki monitors the levels of these 8 chemicals for 
every lot of corn and the analytical results confirm the absence of these pesticide residues in the 
corn starting material. A summary of the analytical data and complete certificates of analysis 
are provided in Appendix C. 

Ezaki Glico Co., Ltd. 
October 7,2010 
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GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

Substance 

AldrinlDieldrin 

Table II.D.l-1 Summary of the Food and Drug Administration (FDA)% Action Levels for 
Pesticides Cereal Grains 

Commodity Action Level (ppm) 

Cereal grains 0.02 

Dichloro-diphenyl-trichloroethane (DDT) 

I Benzene hexachloride (BHC) I Cereal grains I 0.05 I 

Cereal grains 0.5 

Corn, fresh sweet 0.1 

I Chlordane I Corn I 0.1 I 

HeptachlorlHeptachlor epoxide 

Lindane 

Cereal grains 0.01 

Corn, fresh sweet 0.5 

Corn 0.1 

ll.D.2 Mycotoxin Analysis 

Since mycotoxins are known contaminants of corn, the waxy corn starch used in the 
manufacture of cyclic dextrin, highly branched also was analyzed for mycotoxin content 
(aflatoxin and fumonisin). FDA has established an action level of 20 ppm for aflatoxin in food 
(U.S. FDA, 2000a). The analytical results showed no detectable levels of aflatoxin B, and B2 or 
fumonisin B1 and B2 in the waxy corn starch at a limit of detection of 1 ppb for aflatoxin and 
0.05 ppm for fumonisin. A summary of the analytical data and certificates of analysis are 
provided in Appendix C. 

ll.D.3 Residual Solvent Analysis 

Small quantities of ethanol are added to the branching enzyme preparations used in the 
production of the cyclic dextrin, highly branched ingredient. As a result of its addition to the 
branching enzyme preparation, ethanol is present in the reaction mixture at the cyclization step 
at a level of 0.15 to 0.25 % (w/w) (or 1,500 to 2,500 ppm), which is consistent with its use as a 
permitted solvent at a residual level of 3.5% by weight for the extraction of fish protein isolates 
(21 CFR 51 72.340). Furthermore, since several steps in the production of the ingredient involve 
high temperature heating (i.e., during the inactivation of the enzymes and evaporation and spray 
drying steps), the added ethanol is expected to evaporate, and thus, be removed during 
processing. In addition, considering the amount of naturally occurring ethanol in different food 
products, the amount of any residual ethanol in cyclic dextrin, highly branched will be minimal 
and will have no significant impact on human health, particularly with respect to current ethanol 
exposures. 

ll.D.4 Phytate Analysis 

Phytic acid (phytate) is present in the hulls of grains, including maize, and is a known chelator of 
minerals. Although an analysis for phytic acid levels of manufactured lots of cyclic dextrin, 
highly branched was not conducted, the hulls of the waxy corn utilized in the manufacture of 
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cyclic dextrin, highly branched are removed prior to processing, thus minimizing the possibility 
for the presence of phytic acid in the final product. In addition, the application of ion-exchange 
resins during the manufacturing process would remove residual amounts of phytic acid along 
with other ionic substances. 

1I.E Viscosity Analysis 

Viscosity of a single lot of manufactured CCD was measured at 23°C with the use of a rotational 
viscometer at a shear rate of 200 Us. Maximal viscosity of 19,000 mPas was achieved at a 
concentration of approximately 50%. The viscosity of CCD is slightly greater than that of a 
conventional dextrin with a DE value of 2 to 5 and significantly greater than that of a 
conventional dextrin with a DE value of 8 to IO. The analytical data are provided in Appendix D. 

1I.F Stability of Cyclic Dextrin, Highly Branched 

The stability of the cyclic dextrin, highly branched ingredient is characterized by the stability of 
the highly-branched cyclic dextrin molecule content. Stability of CCD was evaluated following 
long-term storage periods of 25 to 77 months. The stability of samples from 4 lots of the 
ingredient was evaluated following long-term storage periods of 25 to 77 months at room 
temperature. Specifically, the sample lots were stored at room temperature for up to 77 months 
and were analyzed for highly-branched cyclic dextrin content by high-performance liquid 
chromatography (HPLC) at 0 (study initiation) and at 25, 36, 47, or 77 months. The highly- 
branched cyclic dextrin content of the bulk ingredient remained stable for the duration of the 
storage period (up to 77 months) as shown in Table D-I. The analytical data are provided in 
Appendix D. 

111. Self-Limiting Levels of Use 

Cyclic dextrin, highly branched is viscous and does not readily dissolve in solution at high 
concentrations (approximately 250% wh). Therefore, the use of cyclic dextrin, highly branched 
in solution-based products at high concentrations is self-limiting based on its viscosity and 
solubility properties. For practical purposes, the use level of cyclic dextrin, highly branched is 
limited to 30% w/v. 
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IV. Basis for GRAS Determination 

1V.A Documentation to Support the Safety of Cyclic Dextrin, Highly Branched 

The determination that cyclic dextrin, highly branched is GRAS is on the basis of scientific 
procedures, and the information supporting the general recognition of the safe use of this 
ingredient includes: 

0 data pertaining to the identity, intended use, and estimated intake of cyclic dextrin, highly 
branched; 
the metabolic fate of cyclic dextrin, highly branched; and 
preclinical and human studies conducted with cyclic dextrin, highly branched and the 
largest naturally-produced cyclodextrin permitted in food (y-cyclodextrin) in the U.S. 

0 

0 

Moreover, these data were reviewed by a panel of experts, qualified by scientific training and 
experience to evaluate the safety of ingredients as components of food, who concluded that the 
intended uses of cyclic dextrin, highly branched are safe and suitable and would be GRAS 
based on scientific procedures [see Appendix A, entitled, “EXPERT PANEL CONSENSUS 
STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS 
OF CYCLIC DEXTRIN, HIGHLY BRANCHED FOR USE IN FOODS”]. A summary of these 
data is presented herein. 

ll’ 

1V.B Intended Use of Cyclic Dextrin, Highly Branched in Food 

IV.B.l Natural Occurrence and Dietary Consumption of Cyclic a-Glucans 

While highly-branched cyclic dextrins are not prevalent or widely identified in conventional 
foods, the concomitant presence of starches with a-amylases and transferases in many foods 
has been reported to result in the formation of small amounts of cyclic a-glucans (Nishimura et 
a/. , 1996). Therefore, background dietary exposure to branched cyclic a-glucans from their 
natural occurrence in foods could be assumed, although it is likely minimal. In Japan, cyclic 
dextrin, highly branched has been permitted for use in food since 2002, and therefore, the 
ingredient has a recently established dietary intake from its addition to foods of the Japanese 
diet. Uses of cyclic dextrin, highly branched in food in Japan include components of sports 
drinks, as a flavoring agent, and as a spray drying aid. 

As mentioned, the cyclic a-glucan moiety of the highly-branched cyclic dextrin molecules is 
reminiscent of cyclodextrins [cyclic oligosaccharides, consisting of a-( 1 -4)-linked a-D-glucose 
units (i.e., cyclic a-(1-4) glucans)], which also are formed naturally from the action of 
glucanotransferases on starch components (Li et a/., 2007). The predominant cyclodextrins 
formed are a-, p-, and y-cyclodextrin, along with trace amounts of larger ring cyclodextrins. 
Cyclodextrins are GRAS for use in selected foods (GRN Nos. 0001 55, 000074, and 000046 for 
cyclodextrin, respectively) (U.S. FDA, 2000b, 2001, 2004) and have an established recent -* 
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Food Category Proposed Food Uses Maximum 
Use-Level (%) 

history of human consumption as a result of their recent application in the food industry 
(Cravotto et a/. , 2006). 

RACCa Maximum 
Use-Level 
(g/RACC) 

IV.B.2 Estimated Intake of Cyclic Dextrin, Highly Branched 

~~~ 

Baked Goods and Baking 
Mixes 

Beverages and Beverage 
Bases 

Estimates for the intake of cyclic dextrin, highly branched were based on the intended food uses 
and use levels in conjunction with food consumption data included in the National Center for 
Health Statistics' (NCHS) 2003-2004 National Health and Nutrition Examination Survey 
(NHANES) (CDC, 2006; USDA, 2009). The individual intended food uses and use levels of 
cyclic dextrin, highly branched are presented in Table IV.B.2-1. Of note, the intended food uses 
of cyclic dextrin, highly branched do not include meat and poultry or meat and poultry-containing 
products, including soups and soup mixes. Food codes representative of each intended food 
use were chosen from the 2003-2004 NHANES (CDC, 2006; USDA, 2009) and were grouped in 
food use categories according to Title 21, Section 170.3 of the CFR (U.S. FDA, 2009). Product- 
specific adjustment factors were developed based on data provided in the standard recipe file 
for the Continuing Survey of Food Intakes by Individuals (CSFII) 1994-1996, 1998 survey 
(USDA, 2000). 

Cookies 10 

Energy, Sport, and Isotonic 
Drinks 75 (Powder) 

10 (RTD) 

Enhanced and Bottled Waters 

Fruit Flavored Drinks 

3 240 mL 24 

3 (RTD) 240 mL (RTD) 7 (RTD) 
75 (Powder) 15 g (Powder) 1 1 (Powder) 

3og  I 3 

Coffee and Tea 

Grain Products and Pastas 

Herbs, Spices, Seasonings, 
and Flavorings 

240 mL (RTD) 24 (RTD) 
15 a (Powder) 1 11 (Powder) 

Tea, Including Flavored Tea 3 (RTD) 240 mL (RTD) 7 (RTD) 

Cereal, Energy, and Nutrition 30 55 9 17 
Bars 

Powdered Seasonings 50 0.5 g 0.25 

75 (Powder) 15 g (Powder) 11 (Powder) 

Milk Products 

Plant Protein Products 

240 mL (RTD) 24 (RTD) 
15 g (Powder) I 11 (Powder) 

Non-Milk Based Meal 
Replacement Beverages 

Flavored Milk and Milk Drinks 10 (RID) 240 mL (RTD) 24 (RTD) 
75 (Powder) 15 g (Powder) 11 (Powder) 

Milk-Based Meal 10 (RTD) 240 mL (RTD) 24 (RTD) 
Replacement Beverages 75 (Powder) 15 g (Powder) 1 1 (Powder) 

Soy Based Bars 30 55 9 17 

Soy Milk 10 240 mL 24 

Breakfast Cereals Ready to Eat Breakfast I 10 I 15to55g I 1.5t05.5 
Cereals 
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Food Category Proposed Food Uses Maximum RACC~ 
Use-Level (%) 

Processed Fruits and Fruit Fruit Juices 3 240 mL 

Nectars 3 240 mL Juices 

I I 

Maximum 
Use-Level 
(gIRACC) 

3 

3 

Table IV.B.2-I Summary of the Individual Proposed Food Uses and Use Levels for 
Cyclic Dextrin, Highly Branched in the U.S. 

Processed Vegetables and 
Vegetable Juices 

Soft Candv 

Vegetable Juices 3 240 mL 3 

Chocolate Confectionary 10 40 9 4 

h o u p s  and Soup Mixes I Dry Soup Mixes I 50 I 159 I 8 I 
RACC = Reference Amount Customarily Consumed Per Eating Occasion (21 CFR 101 .I2 - U.S. FDA, 2010 - 
httD://edocket.access.qDo.qov/cfr 2009/aprqtr/~df/21 cfrlOI.l2.~df); RTD = Ready-to-Drink 
a U.S. FDA. 2009. Part 101Cood labeling. 9 101.12- Reference amounts customarily consumed per eating 
occasion. In: U.S. Code of Federal Regulations (CFR). Title 21-Food and Drugs (Food and Drug Administration). 
US. Government Printing Office (GPO); Washington, DC, pp. 46-56. 

The estimated intakes of cyclic dextrin, highly branched from all intended food uses in the U.S. 
are presented in Tables IV.B.2-2 and IV.B.2-3 on an absolute and body weight basis, 
respectively. From the intakes analysis, approximately 91.3% of the total U.S. population was 
identified as potential consumers of the ingredient from the intended food uses (7,547 actual 
users identified). Of all the population groups, children were determined to be the greatest 
percentage of users at 99.4%, followed by female and male teenagers at 95.4 and 93.9%, 
respectively. Infants were determined to be the lowest percentage of users at 73.0%. 

Table IV.B.2-2 Summary of the Estimated Daily Intake of Cyclic Dextrin, Highly 
Branched from All Proposed Food Uses in the U.S. by Population 
Group (2003-2004 NHANES Data) 
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I 
pc 

Table IV.B.2-3 Summary of the Estimated Daily Per Kilogram Body Weight Intake of 
Cyclic Dextrin, Highly Branched from All Proposed Food Uses in the 
U.S. by Population Group (2003-2004 NHANES Data) 

For the total U.S. population, consumption of foods containing cyclic dextrin, highly branched 
would result in estimated mean all-person and all-user intakes of the ingredient of 
20 g/person/day (391 mg/kg body weightlday) and 22 glpersonlday (425 mg/kg body 
weightlday), respectively (Tables IV.B.2-2 and IV.B.2-3). The 90th percentile all-person and all- 
user intakes of the ingredient by the total population from all intended food uses were estimated 
to be 46 g/person/day (939 mg/kg body weightlday) and 48 g/person/day (1,011 mg/kg body 
weig htlday), respectively. 

On an individual population basis, the greatest mean all-person and all-user intakes of cyclic 
dextrin, highly branched on an absolute basis were determined to be in male teenagers at 27 
and 28 g/person/day, respectively (Table IV. B.2-2). Infants were determined to have the lowest 
mean all-person and all-user intakes of cyclic dextrin, highly branched on an absolute basis, 
with values of 13 and 16 g/person/day, respectively. On a per kilogram body weight basis, 
mean all-person and all-user intakes of cyclic dextrin, highly branched were highest in infants, 
with intakes of 1,068 and 1,310 mg/kg body weightlday, respectively (Table IV.B.2-3). The 
lowest all-person mean intakes on a per kilogram body weight basis were determined to be in 
male adults, with a value of 251 mg/kg body weightlday, while the lowest mean all-user intake 
was determined to be in female adults with a value of 274 mg/kg body weight. 

When heavy consumers (goth percentile) were assessed on an absolute basis, all-person and 
all-user intakes of cyclic dextrin, highly branched from all intended food uses also were 
determined to be greatest in male teenagers, with values of 57 and 58 g/person/day, 
respectively. The lowest 90th percentile intakes again were in infants, with all-person and all- 
user intakes of 33 and 38 g/person/day, respectively, on an absolute basis. On a per kilogram 
body weight basis, infants were determined to have the greatest all-person 90th percentile intake 
of the ingredient with a value of 2,816 mg/kg body weightlday, as well as the highest all-user 
90th percentile intake of the ingredient with a value of 3,062 mg/kg body weightlday. The lowest 
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all-person and all-user 90th percentile intakes of cyclic dextrin, highly branched on a body weight 
basis were determined to be in female adults at 583 and 600 mg/kg body weight/day, 
respectively. 

.4", 

Although the highest 90th percentile all-user intake of cyclic dextrin, highly branched on a body 
weight basis was determined to be in infants (3,062 mg/kg body weightlday), this value may not 
represent the most realistic intake assessment of the ingredient in infants. While cyclic dextrin, 
highly branched is intended for use in foods that may be consumed by infants, it is not intended 
for use in infant-specific foods, such as infant formulas and baby foods, and none of the 
specified food uses are intended to be marketed to infants. As a result, the intake of foods 
containing cyclic dextrin, highly branched by infants are likely to be limited, and the 
90th percentile all user intake of the ingredient by children (1,990 mg/kg body weight/day) may 
represent a more appropriate estimate for the highest 90th percentile all-user intake on a body 
weight basis. 

Furthermore, the type of methodology employed in the intake assessment is generally 
considered to be 'worst case' as a result of several conservative assumptions made in the 
consumption estimates. For example, it is often assumed that all food products within a food 
category contain the ingredient at the maximum specified level of use. In addition, it is well 
established that the length of a dietary survey affects the estimated consumption of individual 
users; short-term surveys, such as the typical 2- or 3-day dietary surveys, overestimate the 
consumption of food products that are consumed relatively infrequently. Therefore, the 
calculated estimated intake levels of the cyclic dextrin, highly branched ingredient are highly 
conservative estimates. 

*i 

1V.C Metabolic Fate of Cyclic Dextrin, Highly Branched 

IV.C.1 Overview of Normal Dietary a-Glucan Digestion 

Cyclic dextrin, highly branched consists of modified food starch, and therefore, is subjected to 
normal dietary a-glucan digestion. This historically well-known process involves sequential and 
efficient digestion of the dietary a-glucan, such as starch (amylose and amylopectin), to glucose 
within the gastrointestinal (GI) tract. Digestion is initiated by salivary a-amylase in the mouth 
and continues in the intestine with the release of pancreatic a-amylase. a-Amylase catalyzes a 
hydrolysis reaction, resulting in the cleavage of a-( 1,4) glucosidic bonds occurring between 
glucose units. The hydrolysis reaction catalyzed by a-amylase results in the release of the 
disaccharide maltose [2 a-( 1,4)-linked glucose units], as well as the trisaccharide maltotriose. 
a-Amylase does not further catabolize maltose or maltotriose as the specificity of a-amylase is 
for larger oligosaccharides. Thus, a-amylase-mediated hydrolysis does not result in the 
production of glucose monomers within the intestinal lumen. In addition, due to steric 
hindrance, a-amylase is unable to cleave a-( 1,4) bonds at branching points. As a result, a-limit 
dextrins, a chain of a-( 1,4)-linked glucose units that begins with an a-( 1 ,6) bond, are formed in .rqa 
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addition to maltose and maltotriose. Further digestion of these oligosaccharides (maltose, 
maltotriose, and a-limit dextrin) is accomplished by the “maltases”, glucoamylase and sucrase- 
a-dextrinase (also referred to as sucrase-isomaltase) (Wursch, 1991 ; Gray, 1992). 
Glucoamylase sequentially releases single units of glucose from the non-reducing end of an 
oligosaccharide by catalyzing the hydrolysis of a-( 1,4) bonds. The sucrase subunit of sucrase- 
a-dextrinase also cleaves a-( 1,4) bonds with a substrate preference for shorter 
oligosaccharides, such as maltose and maltotriose. Finally, the a-dextrinase subunit specifically 
cleaves the a-( 1,6) bond of terminal a-( 1,6)-linked glucose units, the products of which are 
subject to further glucoamylase or sucrase activity. Each enzyme releases one glucose unit at 
a time, and thus, the final product of starch digestion is glucose, the only absorbable product of 
dietary a-glucan digestion (Le., there is no mechanism in place for the absorption of oligo- or 
polysaccharides). 

Dietary cyclic a-glucans, such as cyclodextrins (Le., a-, p-, and y-cyclodextrin) and branched 
cyclodextrins (e.g., maltosyl-p-cyclodextrin), undergo a similar digestive process as starch 
components, with ring-opening occurring as the first step. The digestion of cyclodextrins is 
mediated by a-amylase, which cleaves an a-( 1,4) bond, resulting in ring opening and formation 
of a linear oligosaccharide (Abdullah et a/., 1966; Kondo et a/., 1990). In cases of branched 
cyclodextrins, hydrolysis (cleavage) of the branches may occur prior to ring opening (Hirayama 
et a/., 1992). Subsequently, beginning at the reducing end, a-amylase hydrolyzes the linearized 
oligosaccharides into maltotriose and maltose, in addition to small amounts of glucose (Abdullah 
et a/., 1966; Marshall and Miwa, 1981; Kondo et a/., 1990). Further digestion within the GI tract 
results in the efficient digestion of cyclodextrin structures consisting of at least 8 glucose units to 
glucose (De Bie et a/., 1998; Asp et a/., 2006). The rate of hydrolysis of cyclodextrins increases 
with increasing ring size (Marshall and Miwa, 1981; Kondo et a/., 1990) as a result of the greater 
flexibility and conformational freedom associated with larger ring oligosaccharides (lvanov and 
Jaime, 2004; Gotsev et a/., 2007; Maestre et a/., 2007), allowing for easier binding of the 
substrate to the enzyme (Le., no steric hindrance). 

Glucose, the final product of dietary a-glucan digestion, is transported from the intestinal lumen 
into enterocytes via secondary active transport carried out by the sodium-coupled glucose 
cotransporter (SGLTI ) (Drozdowski and Thomson, 2006). Transport of glucose across the 
basolateral membrane of enterocytes into the circulation occurs by facilitated transport carried 
out by glucose transporter 2 (GLUT2). Once systemically absorbed, glucose is utilized in well- 
characterized metabolic pathways as a source of energy. Although the digestion of starch 
components and other dietary a-glucans is extremely efficient, some polysaccharide molecules 
and cyclic oligosaccharides, may pass through the small intestine as a result of incomplete 
digestion and become subject to microbial fermentation in the large intestine (Stephen, 1991 ; 
Wursch, 1991; Brown, 1996; De Bie et a/., 1998; Topping and Clifton, 2001). Short-chain fatty 
acids are produced from the fermentation process, which are absorbed from the lower intestine 
and further metabolized to produce energy. 
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IV.C.2 Studies Conducted to Characterize the Metabolic Fate of Cyclic Dextrin, 
Highly Branched 

The tests performed to confirm the metabolic fate of the highly-branched cyclic dextrin 
molecules included in vitro hydrolysis testing in the presence of human salivary or porcine 
pancreatic a-amylase or rat intestinal homogenate. The results of specific testing on cyclic 
dextrin, highly branched confirm that the ingredient undergoes normal dietary a-glucan digestion 
to glucose, as described in Section IV.C.1. Such results were as expected, considering that the 
highly-branched cyclic dextrin molecules are products of starch (amylopectin) hydrolysis/ 
modification and that the large-ring cyclic a-glucan structure possesses high flexibility and 
conformational freedom, allowing easy access to digestive enzymes. In addition, indirect 
evidence of complete hydrolysis of the highly-branched cyclic dextrin molecules was obtained 
from animal and human studies evaluating blood glucose levels following consumption of the 
ingredient as described below. 

IV.C.2.1 In Vitro Studies 

In order to ascertain the extent and time-course of hydrolysis of the highly-branched cyclic 
dextrin molecules by human a-amylases, the ingredient was incubated with human salivary 
a-amylase for 0, 20, 60, 360, or 1,440 minutes (Choi et a/., 2009). Enzyme activity was 
terminated by heating samples at 100°C. For comparison, conventional dextrins with DE values 
of 3 and 16 (DE3 and DE16, respectively) also were incubated with human salivary a-amylase. 
Within 20 minutes of incubation, hydrolysis of the highly-branched cyclic dextrin molecules 
resulted in the formation of glucose, maltose, maltotriose, and other small oligosaccharides as 
determined by thin layer chromatography (TLC). The abundance of these reaction products 
was shown to increase with the duration of the incubation period. Maltose and maltotriose were 
the principal hydrolysis products formed, followed by smaller amounts of glucose. Incubation of 
DE3 and DE16 with human salivary a-amylase produced a similar pattern of digestion following 
a similar time-course. When cyclic dextrin, highly branched, DE3, and DE16 were incubated 
with porcine pancreatic a-amylase, the oligosaccharide reaction products were again 
predominantly maltose and maltotriose with formation occurring within 20 to 60 minutes. 
Complete hydrolysis of the highly-branched cyclic dextrin molecules, however, was not 
observed with the a-amylases. In contrast, incubation of cyclic dextrin, highly branched with rat 
intestinal homogenate resulted in complete digestion to glucose. Maltose, maltotriose, and 
glucose were initially formed within 20 minutes, with levels of maltose and maltotriose 
substantially reduced at 360 minutes with a concomitant increase in glucose levels. Similar 
results were observed with DE3 and DE1 6. The formation of glucose continued to increase up 
to at least 1,440 minutes, while levels of maltose and maltotriose continued to decline. 
Measurement of the amount of glucose produced, determined using the glucose oxidase 
method, demonstrated that the rate of digestion to glucose was most rapid within the first 120 
minutes. Thirty three percent (33%) of cyclic dextrin, highly branched was digested to glucose 
by 120 minutes, 70% by 360 minutes, and 100% by 1,440 minutes, indicating that the ingredient ‘̂**a 

Ezaki Glico Co., Ltd. 

October 7,201 0 0 0 0 0 2 3  
20 



GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

r* . 

is completely hydrolyzed to glucose by intestinal enzymes. The results obtained with DE3 and 
DE16 were comparable to those for cyclic dextrin, highly branched. The results of this set of 
experiments indicate that the digestion profile of cyclic dextrin, highly branched is very similar to 
conventional dextrins. Specifically, the cyclic dextrin, highly branched ingredient is digested by 
human salivary a-amylase to small oligosaccharides and is completely digested to glucose via 
the action of intestinal digestive enzymes. 

IV.C.2.2 Animal Studies 

Indirect evidence for the digestibility of cyclic dextrin, highly branched in vivo was demonstrated 
in a study conducted with male Std ddY mice administered a single dose of a 5% cyclic dextrin, 
highly branched solution (300 pL) by oral gavage following fasting (Takii et a/., 1999). Control 
animals were given either water or a 5% glucose solution. Blood samples were collected at 0, 
5, IO, 20, and 30 minutes after dosing for analysis of blood glucose and insulin concentrations. 
Blood glucose levels increased within 5 minutes of cyclic dextrin, highly branched 
administration, with peak concentrations of approximately 80 mg/dL occurring at 10 minutes. 
The increase in blood glucose was sustained for up to 20 minutes and was observed to decline 
at 30 minutes. A similar pattern was observed in mice administered glucose, except that peak 
blood glucose concentrations (approximately 125 mg/dL at 10 minutes) were significantly higher 
compared to those following administration of cyclic dextrin, highly branched. Increases in 
blood insulin concentrations were noted 10 minutes post-dosing and were sustained for up to at 
least 30 minutes in both the cyclic dextrin, highly branched and glucose groups. No significant 
differences in blood insulin levels were observed between glucose- and cyclic dextrin, highly 
branched-administered mice. In a subsequent experiment, mice were administered 500 mg/kg 
body weight of cyclic dextrin, highly branched or glucose following 10 minutes of swimming 
(exercise). Blood glucose and insulin levels were significantly increased in both the cyclic 
dextrin, highly branched- and glucose-administered mice compared to the water controls as 
assessed 10 minutes following administration (20 minutes following the beginning of the 
swimming exercise). Blood glucose and insulin levels, however, were significantly elevated in 
glucose-administered mice compared to those administered cyclic dextrin, highly branched. 

The results from this study demonstrate that oral administration of cyclic dextrin, highly 
branched results in a rise in blood glucose levels and in an insulin response, suggesting that the 
ingredient is digested to glucose in the GI tract of the whole animal. Of note, however, cyclic 
dextrin, highly branched produced lower glycemic and insulin responses than glucose. This 
observation is most likely attributable to the time afforded to the digestion of cyclic dextrin, 
highly branched to glucose, resulting in a more gradual absorption of glucose. In contrast, 
glucose does not require further enzymatic digestion prior to absorption, and therefore, is more 
readily absorbed from the GI tract. 

I 
h. 
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IV.C.2.3 Human Studies 

Takii et a/. (2004) investigated the differences in postprandial blood glucose levels in human 
volunteers following consumption of DE1 6- and cyclic dextrin, highly branched-based sports 
drinks during exercise. The study was conducted in 7 untrained men who were provided with 
prototype sports drinks containing either cyclic dextrin, highly branched, a commercial dextrin 
(DEI 6), or glucose. Each carbohydrate-based drink was composed of 10% carbohydrate, 
providing approximately 35 g of carbohydrate per person. Water was used as a control. The 
subjects consumed the drinks immediately after completing 3 minutes of cycling, following 
which, they were permitted a 10-minute rest. The subjects then completed a further 30 minutes 
of cycling. Postprandial blood glucose was measured in subjects at 10 minute intervals starting 
from immediately prior to consumption of the test drinks. Compared to baseline measurements, 
postprandial blood glucose levels were significantly increased upon consumption of the 
carbohydrate-based drinks, but significantly reduced upon consumption of water alone. The 
increases in blood glucose levels observed were similar following consumption of the glucose-, 
DE1 6-, and cyclic dextrin, highly branched-based sports drinks. Peak blood glucose 
concentrations occurred at 20 minutes following consumption of the test drinks and were similar 
following intake of cyclic dextrin, highly branched- and glucose-containing drinks (approximately 
25 mg/dL). The significant rise in blood glucose levels following consumption of the cyclic 
dextrin, highly branched-based drink is indicative of glucose absorption, demonstrating that the 
cyclic dextrin, highly branched ingredient is digested to glucose in humans. 

- i  

Thus, the available evidence demonstrates that cyclic dextrin, highly branched is efficiently 
digested to glucose, a safe product of carbohydrate digestion. Larger cyclic dextrin, highly 
branched molecules with higher degrees of polymerization may escape complete hydrolysis as 
a result of their size. Consequently, these larger molecules may be incompletely digested in the 
small intestine and will pass into the lower GI tract where they will be subjected to microbial 
fermentation in keeping with the well-known process of dietary a-glucan digestion as described 
in Section IV.C.l (Stephen, 1991; Wursch, 1991; Brown, 1996; De Bie et a/., 1998; Topping and 
Clifton, 2001). 

1V.D Toxicological Studies 

The cyclic dextrin, highly branched ingredient does not pose any safety concerns given that 
modified food starches are prevalent constituents of the human diet with a long history of safe 
use in food and that the ingredient is efficiently digested to glucose, which is a safe product of 
carbohydrate digestion. The results of ingredient-specific toxicity tests support the safety of 
cyclic dextrin, highly branched. Such tests included an acute oral toxicity test and an in vitro 
mutagenicity test and are summarized in Section 1V.D. 1 and Section IV.D.4, respectively. 

The safety of the ingredient is further discussed in terms of the large cyclic a-glucan moiety 
occurring within the highly-branched cyclic dextrin molecules. The discussion arises 

& 
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considering that the cyclic moiety may be cleaved from the branched clusters during digestion 
and that such cyclic a-glucans do not have an established history of safe use in food in the U.S. 
The safety of the cyclic moiety is discussed using supportive data on y-cyclodextrin, which is the 
largest cyclodextrin currently permitted for use in food in the U.S. Although cyclic dextrin, highly 
branched and y-cyclodextrin are not structurally identical, their cyclic structures, although also 
not identical, share similarities in that both are cyclic a-glucans with a common metabolic fate 
consisting of efficient digestion to glucose within the GI tract. Thus, toxicological studies on y- 
cyclodextrin were considered to be appropriate for further discussing the safety of the cyclic a- 
glucan moiety of the highly branched cyclic dextrin molecules. These studies are summarized 
below in Section IV.D.l through to Section IV.D.4. The branched clusters of the highly- 
branched cyclic dextrin molecules are derived from amylopectin, and thus, are not further 
discussed considering that starch components possess a long history of safe consumption in 
humans. 

IV.D.l Acute Toxicity Studies 

Cyclic dextrin, highly branched was assessed for acute oral toxicity in a study performed 
according to the Japanese Ministry of Health and Welfare (MHW) Ordinance No. 21 (Choi et a/., 
2009). In this study, 5 male and 5 female SLC-Wistar rats were weighed and then administered 
a single dose of 2,000 mg/kg body weight of cyclic dextrin, highly branched by oral gavage 
following a 16-hour fast. The animals were fasted for a further 3 hours following administration. 
For the 6 hours immediately following administration of the test substance, the rats were 
observed at I-hour intervals and then every day thereafter for a period of 14 days. On 
weekdays, the animals were observed twice daily and on weekend days, they were observed 
once daily. Viability, as well as signs of toxicity, were assessed and documented. Body weights 
were recorded on Days 7 and 14 of the observation period. All animals were killed on Day 14 of 
the observation period and organs examined upon necropsy. None of the animals died during 
the 14-day observation period. At 5 and 6 hours post-administration, all animals displayed 
loose stools, the effect of which had resolved upon re-examination at 24 hours. Loose stools 
were considered not toxicologically significant as this is a physiological effect that is well-known 
to be caused by the incomplete digestion of large bolus doses of carbohydrates (Bar, 1985; 
Newberne et a/., 1988). Such an effect, however, is not expected in humans at the estimated 
daily intakes based on the results of a human study (Takii et a/., 2004; discussed in Section 
IV.E.I), and considering that the daily intakes of cyclic dextrin, highly branched are resultant of 
smaller intakes throughout the day and not due to large bolus intakes. No further abnormalities 
were observed in the general condition of the animals at any time point, and all rats displayed 
satisfactory body weight changes throughout the observation period. Furthermore, no 
compound-related macroscopic abnormalities were detected upon necropsy in any of the 
animals. Based on the absence of mortality following oral administration of 2,000 mg/kg body 
weight of cyclic dextrin, highly branched, the investigators determined that the oral LD50 of cyclic 
dextrin, highly branched is greater than 2,000 mg/kg body weight. Therefore, based on the 
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results of this study, cyclic dextrin, highly branched is not acutely toxic following oral exposure in 
rats. 

In support of the low toxicity of large-ring cyclic a-glucans, y-cyclodextrin has been shown to 
have low acute oral toxicity in rats and mice (ie., LD50 values of >8 and >I5 g/kg body weight, 
respectively) (Matsuda et a/., 1983; Immel, 1991). In addition, no signs of toxicity or 
macroscopic changes related to the oral administration of y-cyclodextrin were observed in any 
of the animals administered y-cyclodextrin in these studies (Matsuda et a/., 1983; Immel, 1991). 

IV.D.2 Repeated Dose Studies 

No traditional toxicological studies have been performed to assess the short- or long-term safety 
of cyclic dextrin, highly branched as it is expected that the safety of the ingredient would be 
equivalent to that of other dietary a-glucans, including hydrolyzed starch, based on the readily 
degradable nature of the ingredient to glucose by normal digestive processes. Moreover, 
considering that the only absorbable product of a-glucan digestion is glucose, the intact highly- 
branched cyclic dextrin molecules and any incompletely digested material thereof would not be 
systemically absorbed. Thus, cyclic dextrin, highly branched itself would not produce any 
systemic toxicological effects following oral consumption. Furthermore, the low toxicity of large- 
ring cyclic a-glucans following oral exposure is supported by the results of a number of studies 
examining the potential oral toxicity of y-cyclodextrin in rats and dogs (Lina and Bar, 1998; Til 
and Bar, 1998; Lina, 1999). These studies are discussed below and are summarized in Table 
IV.D.2-1. 

In a rat study reported by Lina and Bar (1998), male Wistar rats (5/group) were fed diets 
containing 0 (control), 5, IO, 15, or 20% y-cyclodextrin, equivalent to 3.3, 6.6, 9.9, and 11.4 g/kg 
body weightlday, respectively, during a 2-week pilot study. In the subsequent subchronic study, 
male and female rats (20/sex/group) were fed diets containing y-cyclodextrin at levels of 0 
(control), 1.5, 5, or 20%, equivalent to doses of 0, 0.86, 2.9, and 11.4 g/kg body weighvday for 
males and 0, 0.97, 3.3, and 12.7 g/kg body weightlday for females, respectively, for a period of 
13 weeks. Dietary levels of y-cyclodextrin of up to 20% produced physiological responses that 
were consistent with ingestion of high levels of incompletely digested carbohydrates and were 
further considered not to be a safety concern for humans (Bar, 1985; Newberne et a/., 1988). 
Such effects included soft stools, a significant decrease in food intake (2-week pilot study only), 
a significant, yet slight, reduction in body weight (males only), and significant enlargement of the 
full and empty cecum (males only) compared to control groups. Similar effects also were 
observed upon administration of a diet consisting of 20% lactose, a carbohydrate that is 
incompletely digested in the small intestine of rats (Dahlqvist and Thomson, 1964). 

Rats provided y-cyclodextrin in the subchronic study also displayed other variations, including 
significant increases in relative liver, brain, and adrenal weights, significantly elevated levels of 
plasma alkaline phosphatase (ALP) and aspartate aminotransferase (AST) activities, and "*h 
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changes in certain hematological parameters that attained statistical significance compared to 
control rats (Lina and Bar, 1998). However, these changes were small in magnitude, not dose- 
dependent, occurred in 1 sex only, and/or were observed only at the end of the recovery period. 
In addition, increases in plasma ALP and AST activity levels were not accompanied by changes 
in the levels of other indicators of hepatotoxicity. Moreover, all changes observed in 
y-cyclodextrin-fed rats were not accompanied by any compound-related macroscopic or 
histopathological abnormalities. Accordingly, the changes in organ weights and clinical and 
hematological parameters were considered to be not toxicologically significant. 

Physiological responses observed in rats also were observed in dogs administered 
y-cyclodextrin at comparable dietary levels (up to 20%) (Til and Bar, 1998). In this study, 
Beagle dogs were fed diets containing y-cyclodextrin at levels of 0 (control), 5, 10, or 20%, 
equivalent to doses of 0, 2.0, 3.8, and 7.7 g/kg body weightlday for males and 0, 2.0, 4.0, and 
8.3 g/kg body weightlday for females, respectively, for 13 weeks. A dose-dependent increase in 
the incidence and severity of transient diarrhea and a non-significant reduction in body weight 
gain was observed in males of the 20% y-cyclodextrin group compared to control males. 
Significant organ weight changes included increases in ovary weights, male liver weights, and 
female empty cecum weights at the 10 and 20% y-cyclodextrin dietary levels compared to 
control groups. However, no compound-related gross or histopathological findings were 
observed in these or in any other organs examined. Additionally, the increase in liver weight in 
males was not associated with changes in plasma levels of any indicators of hepatotoxicity. 
Furthermore, contributing factors to the increases in relative liver and ovary weights were the 
observed reductions in body weight gain in high-dose males and atypically low ovary weights of 
control females, respectively. Therefore, these organ weight alterations were not related to the 
administration of y-cyclodextrin in the diet and were deemed by the authors to be of no 
toxicological significance. Based on the results of these studies, 20%, the highest dietary 
concentration tested, was established as the no-observed-adverse-effect level (NOAEL) for 
y-cyclodextrin, equivalent to approximately 1 1 and 13 g/kg body weightlday for male and female 
Wistar rats, respectively (Lina and Bar, 1998), and approximately 8 g/kg body weightlday for 
male and female Beagle dogs (Til and Bar, 1998). 

Results similar to those observed in subchronic toxicity studies were reported in a I-year 
chronic toxicity study (Lina, 1999) that was reviewed by the Joint FAONVHO Expert Committee 
on Food Additives (JECFA, 1999) and Munro et a/. (2004). Groups of Wistar rats 
(20/sex/treatment group) were fed diets containing 0, 5, 10, or 20% y-cyclodextrin 
(approximately 8.7 and 10.8 g/kg body weightlday in males and females at the highest 
concentration, respectively). Mortality, general condition and behavior, food intake, body 
weights, ophthalmoscopic observations, hematology and urinalysis results, and plasma and 
urinary electrolyte levels were similar between y-cyclodextrin and control groups. Compared to 
the control group, statistically significant, yet marginal increases in plasma levels of ALP, 
alanine aminotransferase (ALT), and ornithine carbamoyl transferase activities occurred at 
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Week 14 and/or Week 26 in the high-dose (20%) group. However, these alterations were 
transient and not accompanied by histopathological abnormalities in the liver, and thus, were 
considered not to be toxicologically relevant. A significant, yet transient, increase in plasma 
creatinine concentration also was observed in females of the 10 and 20% groups at Week 14 
and/or Week 26. In males and females of the high-dose group (20%), a significant decrease in 
plasma phospholipid levels was observed only at Week 14. Plasma triglyceride levels also were 
significantly decreased in males of the high-dose group (20%) at Week 14. Relative organ 
weights were unaffected by y-cyclodextrin feeding, except in the high-dose group in which the 
cecum of male rats was significantly, yet slightly, enlarged and relative testis weights 
significantly increased compared to the control group. These organ weight changes, however, 
were not accompanied by any compound-related macroscopic or histopathological 
abnormalities. Based on the results of this study, the NOAEL for y-cyclodextrin was set at 20% 
in the diet, the highest dose tested, which was equivalent to approximately 9 and 11 g/kg body 
weightlday for male and female Wistar rats, respectively. 

“*ii76 

YI 

Collectively, the results of these studies suggest that y-cyclodextrin, when consumed at high 
doses, is not completely digested in the small intestine and that a small portion of the compound 
may reach the large intestine. Incomplete digestion of y-cyclodextrin, however, is not of 
toxicological concern, because, as with other incompletely absorbed carbohydrates (Le., 
starch), the non-digested fraction passes into the colon for further degradation by intestinal 
microflora. Similar effects may be expected with the cyclic dextrin, highly branched ingredient; 
however, cyclic dextrin, highly branched is likely completed digested in humans following 
consumption based on the results of a human study (Takii et a/., 2004; discussed in Section 
IV.E.I), and considering that the daily intakes of cyclic dextrin, highly branched are resultant of 
smaller intakes throughout the day and not due to large bolus intakes. Furthermore, these data 
support the low toxicity of relatively large-ring cyclic a-glucans following repeated exposure. 
Thus, no adverse effects are expected to be associated with the large-ring cyclic a-glucan 
moiety of cyclic dextrin, highly branched following repeated oral exposure. 

L . 
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ConcentrationlDose 

Table IV.D.2.2-1 Summary of Subchronic and Chronic Toxicity Studies on y-Cyclodextrin 

Reported Effects a, bs Reference Species 
(Strain; N) 

Pilot study: 
Rat 
(Wistar; 5 
Mlgroup) 

Full study: 
Rat 
(Wistar; 
20lsexlgroup 
except 
1 Olsexlgroup 
for satellite 
9 ro u PS) 

I NR I I Bodyweight 

Study 
Duration 

Pilot studv: 
2 week 

I NOAEL I 20% in diet or 11.4 glkg bwldd 

Full studv: 
13 weeks 
+ 4-week 
recovery 
period (for 
satellite 
groups 
only) 

I 

Route of 
Administration 

Oral (diet) 

I Bodyweight I 1 Body weights [M; Positive control, 20%1 I 

Concentration: 0 (control), 
5, 10,15, or 20% 

General condition/ 
survival 

Equivalent dose: 0, 3.3, 
6.6, 9.9, and 11.4 glkg 
bwld 

No mortalities and y-CD generally well- 
tolerated at all doses 
Soft stools [Positive control, rlO%], but no 
laxation 

Positive control: 20% 
lactose 

Food and water 
intake 

1 Food intake [Positive control and all y-CD 
9 rou PSI 
No effects on food efficiency and water 
intake 

Organ and tissue 
effects 

t Full and empty cecum weights [r5%] 
No effects on liver and kidney weights 
No compound-related gross lesions 

Hematology, 
clinical chemistry, 
and urinalysis 

f ALP levels [20%] 
1 GGT levels [r5%] 

General condition/ 
survival 

Food and water 
intake 

Concentration: 0 (control), 
1.5,5, or 20%e 

Equivalent dose: 
M: 0, 0.86, 2.9 and 
11.4 glkg bwld 
F: 0, 0.97, 3.3 or 
12.7 glkg bwld 

Soft stools [Positive control, Xi%] 
Transient diarrhea [Positive control] 

No significant compound-related changes in 
food intake, food efficiency, or water intake 

Positive control: 20% 
lactose 

Hematology, 
clinical chemistry, 
and urinalysis 

Satellite groups: 
Concentration: 0 (control), 
or 20% 
Equivalent dose: 
M - 0 or 11.4 glkg bwld 
F - 0 or 12.7 glkg bwld 

f AST [F; 20%] 
No significant compound-related changes in 
hematology, urine and fecal analysis, or 
other clinical chemistry parameters 

Organ and tissue 
effects 

f Relative liver weight [M; 20%] 
t Relative brain weight [M; Positive control, 

t Relative adrenal weights [M; 20%] 
f Relative full cecum weights in [M; 20%] 
1 Empty cecum weights [F; 20%] 
No significant compound-related changes in 
macro- or microscopic findings 

20%] 

Lina and Bar, 
1998 
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Table IV.D.2.2-1 Summary of Subchronic and Chronic Toxicity Studies on y-Cyclodextrin 

Study 
Duration 

Route of 
Administration 

ConcentrationlDose Reported Effects a * o p c  Reference Species 
(Strain; N) 

NOAEL Positive control: 20% 
lactose 

20% in diet or 11 ..Qdglkg bwld (M) and 
12.7 glkg bwld (F) 

No significant compound-related changes in 
mortality, general condition and behavior, or 
ophthalmology findings 

No significant compound-related changes in 
food intake, food efficiency, or water intake 

Rat 
(W istar, 
20lsexlgroup) 

1 year Oral (diet) Concentration: 0 (control), 
5.10 or 20% 

General conditionl 
survival 

Lina, 1999 

Equivalent dose: 
M: 0, 2.1, 4.3, or 8.7glkg 
bwld 
F: 0, 2.7. 5.4, or 10.8 glkg 
bwld 

Food and water 
intake 

Body weight No significant compound-related changes in 
body weights 

t Absolute and relative cecum and relative 
testis weights [M; 20%] 
No significant compound-related changes in 
macro- or microscoDic findinas 

Organ and tissue 
effects 

Hematology, 
clinical chemistry, 
and urinalysis 

ALP activity [20%] 
t ALT and OCT activities [M; 20%]; 
transient 
1 TG [M; 20%]; transient 
1 PL [20%]; transient 
t creatinine [F; 20%]; transient 
No significant compound-related changes in 
hematology or urinalysis findings 

20% in diet or 8.7gdkg bwld (M) and 
10.8 glkg bwld (F) 

NOAEL 

General condition1 
survival 

No mortalities and y-CD generally well- 
tolerated at all doses 
Transient diarrhea at all doses; dose- 
dependent increase in incidence and 
severity 
No significant compound-related changes in 
behavior, appearance, or ophthalmology 
findings 

Til and Bar, 
1998 

Dog 
(Beagle: 
4lsexlgroup) 

13 weeks Oral (diet) Concentration: 0 (control), 
5, 10, or 20% 
Equivalent dose: 
M: 0, 2.0, 3.8, and 
7.7 glkg bwld 
F: 0, 2.0, 4.0, and 8.3 glkg 
bwld 

Food and water 
intake 

No significant compound-related changes in 
food intake and food efficiency 
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Table IV.D.2.2-1 Summary of Subchronic and Chronic Toxicity Studies on y-Cyclodextrin 

Route of 
Administration I Reference 

ConcentrationlDose I Reported Effects bo 

Body weight 1 Body weight gain during the last 6 weeks 
(NS) [M; 20%] 

Organ and tissue 
effects 

Hematology, 
clinical chemistry, 
and urinalysis 

NOAEL 

r Absolute and relative ovary weights [F; 
>IO%]; due to low ovary weights in control 
group 
t Relative liver weight [M; ?IO%] r Absolute and relative empty cecum 
weights [F; >IO%] 
No significant compound-related changes in 
macro- or microscopic findings 

No significant compound-related changes in 
clinical chemistry, hematology, or urinalysis 
findings 

20% in diet or 7.7dg/kg bwld (M) and 
8.3 glkg bwld (F) 

1 = decreased; t = increased; y-CD = y-cyclodextrin; ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; bw = body 
weight; d = day; F = female; GGT = gamma glutamyltransferase; M = male; NOAEL = no-observed-adverse-effect level; NS = non-significant; OCT = ornithine 
carbamoyl transferase; PL = phospholipids; TG = triglycerides 
a As reported by the authors. 

Numbers in [ ] correspond to the y-CD dose(s) at which the reported effects were observed. 
Unless otherwise stated, all reported effects are statistically significant and relative to the control group. 
Value reported by authors. d 

eAfter 2 months of treatment, rats in 20% y-CD erroneously received 20% lactose for 2 weeks due to mislabeling of the test diet. Consequently, diets were 
corrected and the study was repeated. 
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IV.D.3 Developmental Toxicity Studies 

As with the repeated-dose toxicity studies, developmental and reproductive toxicity studies on 
cyclic dextrin, highly branched have not been performed and were not considered necessary as 
the ingredient is completely digested to glucose, a safe product of normal carbohydrate 
digestion. In addition, developmental toxicity studies on y-cyclodextrin conducted in Wistar rats 
and New Zealand White rabbits support the low developmental toxicity of cyclic a-glucans 
(Waalkens-Berendsen et a/., 1998a,b). These studies are discussed below and are 
summarized in Table IV.D.3-1. 

In the developmental toxicity study conducted in Wistar rats, dams were fed diets containing 
0 (control), 1.5, 5, 10, or 20% y-cyclodextrin (approximately 0, 0.85 to 0.97, 2.8 to 3.1, 5.6 to 
6.2, and 10.7 to 11.8 g/kg body weightlday, respectively) from Gestation Days 0 to 21 
(Waalkens-Berendsen et a/., 1998a). The same group of investigators also conducted a similar 
study in New Zealand rabbits, in which dams were administered y-cyclodextrin in the diet at 
levels of 0 (control), 5, I O ,  or 20% (approximately 0, 1.6 to 2.1, 3.1 to 4.2, and 4.9 to 7 g/kg body 
weightlday, respectively) from Gestation Days 0 to 29 (Waalkens-Berendsen et a/., 199813). In 
both studies, the animals were killed on the last day of administration and the fetuses were 
removed for examination. Study results indicate that y-cyclodextrin at dietary levels of up to 
20% was well-tolerated by dams and did not cause any compound-related maternal adverse 
effects or deaths in rats and rabbits (Waalkens-Berendsen et a/., 1998a,b). In addition, 
administration of y-cyclodextrin did not adversely affect the following in either species: gravid or 
empty uterus weights, ovary weights, placenta weights, corpora lutea, implantation sites, 
pre/post-implantation loss, the number of live fetuses, the mean number of early/late 
resorptions, or sex ratios (Waalkens-Berendsen et a/., 1998a,b). In fetal rats, microscopic 
examination revealed no compound-related external, visceral, or skeletal malformations or 
anomalies in any of the y-cyclodextrin groups or the control group (Waalkens-Berendsen et a/., 
1998a). The increases in the incidence of stomach hypertrophy (at 5 and 10% y-cyclodextrin) 
and in total and individual skeletal variations (crooked toes in hindlimbs at 1.5 and 5% 
y-cyclodextrin) observed in y-cyclodextrin-exposed fetal rats compared to control fetuses were 
not dose-dependent, and thus, were considered not to be related to y-cyclodextrin exposure 
(Waalkens-Berendsen et a/., 1998a). In fetal rabbits whose dams were exposed to 5 or 20% 
y-cyclodextrin, an increase in the incidence of hemorrhagic fluid in the abdominal cavity was 
observed compared to control fetuses (Waalkens-Berendsen et a/., 1998b). This effect was not 
dose-dependent and also was observed to a similar extent in lactose-exposed fetuses. The 
authors attributed this visceral anomaly to an artifact produced from the method of preservation 
of the fetus at -20°C. Microscopic examination of the rabbit fetuses revealed no other significant 
increases in external, visceral, or skeletal malformations, anomalies, or variations between any 
of the y-cyclodextrin groups and the control group (Waalkens-Berendsen et a/., 1998b). 

The results of these studies indicate that orally administered y-cyclodextrin at levels up to 20% 
in the diet (approximately 11 g/kg body weightlday for rats and 5 to 7 g/kg body weightlday for 
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rabbits) is not maternally toxic in rats or rabbits. The study results also indicate that in utero 
exposure to y-cyclodextrin at levels of up to 20% of the maternal diet, equivalent to a dose of 
approximately 11 g/kg body weightlday in rats and 5 to 7 g/kg body weightlday in rabbits, is not 
associated with embryotoxicity, fetotoxicity, or teratogenicity in Wistar rats or New Zealand 
White rabbits. From these data, consumption of large-ring cyclic a-glucans would not be 
associated with developmental toxicity. Therefore, no adverse effects on development are 
expected to be associated with the large-ring cyclic a-glucan moiety of cyclic dextrin, highly 
branched. 
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Table IV.D.3-I Summary of Developmental Toxicity Studies on y-Cyclodextrin 

Species 

Rat 
(Wistar 

BR; 
16-23 dams1 

Crl:(WI)WU 

group) 

~ 

Rabbit 
(New 
Zealand 
White; 

d a mslg rou p ) 
11-15 

Duration 

GD 0 to 21 

GD 0 to 29 

Route 

Maternal: 
Oral 
(diet) 

Fetuses: 
in utero 

Maternal: 
Oral 
(diet) 

Fetuses: 
in utero 

ConcentrationlDose 

Concentration: 0 (control), 
1.5, 5, IO, or 20% 

Equivalent dose: 0, 0.85- 
0.97, 2.8-3.1, 5.6-6.2, and 
10.7-1 1.8 glkg bwld 

Positive control: 20% 
lactose 

Concentration: 0 (control), 
5, I O ,  or 20% 

Equivalent dose: 0, 1.6-2.1, 
3.1-4.2, and 4.9-7 glkg bwld 

Positive control: 20% 
lactose 

Reported Effectsa" 

Maternal 
Effects 

Fetal Effects 

NOAEL 

Maternal 
Effects 

No mortalities and no signs of ill health, abnormal 
behavior, or GI intolerance, and y-CD generally 
well-tolerated at all doses 
1 Food intake from GD 0-16 [20%] 
No compound-related macroscopic findings at 
necropsy 
No significant differences in body weight, weight 
gain, gravid or empty uterus weights, ovary weights, 
placenta weight, corpora lutea, implantation sites, 
prelpost-implantation loss, the number of live 
fetuses, mean number of earlyllate resorptions, or 
sex ratios 
No abortions or premature deliveries 

No significant difference in fetal weight or length 
No significant difference in total visceral variations, 
but t hypertrophy in stomach [5 and 1 O%] 
t Total skeletal variations [5%] 

No compound-related external, visceral, skeletal 
malformations or anomalies 

crooked toes in hindlimbs [I .5, 5%] 

20% in maternal diet or 11 glkg bwld 

No mortalities and no signs of ill health or abnormal 
behavior and y-CD generally well-tolerated 
Transient diarrhea in few animals during first few 
days [IO and 20%] 
1 Weight gain and food intake from GD 0 to 6 [20%] 
No compound-related macroscopic findings at 
necropsy 
No significant differences in body weights, gravid or 
empty uterus weights, ovary weights, placenta 
weight, corpora lutea, implantation sites, prelpost- 
implantation loss, the number of live fetuses, mean 
number of earlyllate resorptions, or sex ratios 
No significant differences in abortions or premature 
deliveries 

Reference 

Waalkens- 
Berendsen et 
a/., 1998a 

Waalkens- 
Berendsen et 
a/.. 1998b 
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Reported Effectsa' ' 
Fetal Effects 

Species Duration Route ConcentrationlDose 

No significant difference in fetal weight or length 
t Incidence of hemorrhagic fluid in abdominal cavity 
[Positive control, 5 and 20%] 
No compound-related external, visceral, skeletal 
malformations, anomalies, or variations 

20% in maternal diet or 5 g/kg bw/d NOAEL 

Reference 
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Ames revers 

IV.D.4 Mutagenicity and Genotoxicity Studies 

IV.D.4.1 In Vitro Studies 

Cyclic dextrin, highly branched was shown to be non-mutagenic in th mutation 
assay (Choi et a/., 2009). The assay was conducted using a battery of 4 standard Salmonella 
typhimurium tester strains (TA98, TA100, TA1535, and TA1537), as well as 1 Escherichia coli 
tester strain (WPZuvrA). Bacterial strains were treated with cyclic dextrin, highly branched at 
concentrations of 156, 31 3, 625, 1,250, 2,500, or 5,000 pg/plate. Assays were conducted in the 
presence or absence of rat liver microsomal S9 metabolic activation. Water vehicle served as a 
negative control for all strains. The following compounds were employed as positive controls for 
the assay conducted it%%% absence of metabolic activation: 2-(2-furyl)-3-(5-nitro-2- 
fury1)acrylamide (AF-2), sodium azide, 9-aminoacridine (9AA), and 2-aminoanthracene (2-AA). 
For the assay conducted in the presence of metabolic activation, 2-AA was employed as the 
positive control. Cyclic dextrin, highly branched was not cytotoxic to any bacterial strain and the 
mean number of revertant colonies following cyclic dextrin, highly branched treatment was 
comparable to that of the negative control in all strains and at all concentrations tested in either 
the absence or presence of S9 metabolic activation. Thus, cyclic dextrin, highly branched is 
considered to be non-mutagenic. 

. “ I  

The non-mutagenicity of large-ring cyclic a-glucans is supported by the negative results 

TA98, and TAIOO with y-cyclodextrin at concentrations of up to 20 mg/plate (Blijleven, 1991). 
Negative results for clastogenicity also were obtained in human lymphocytes exposed to 
y-cyclodextrin at concentrations of up to 5,000 pg/mL (de Vogel and van Delft, 1996). 

obtained in an Ames assay conducted in S. typhimurium strains TA1535, TA1537, TA1538, -re 

IV. D.4.2 In Vivo Studies 

The potential genotoxicity of cyclic dextrin, highly branched was not assessed in vivo; however, 
a micronucleus assay involving oral administration of mice with y-cyclodextrin was identified in 
the JECFA evaluation of y-cyclodextrin (Immel, 1991). Groups of Swiss mice (1 Usex) were 
administered single gavage doses of 15 g/kg body weight of y-cyclodextrin and were terminated 
in groups of 5 males and 5 females at 24,48, and 72 hours. The bone marrow was assessed 
for micronucleus formation. The assay yielded negative results. 

1V.E Studies in Humans 

IV.E.1 Cyclic Dextrin, Highly Branched 

The tolerability of the cyclic dextrin, highly branched ingredient in humans was examined in a 
study by Takii et a/. (2004). Takii et a/. (2004) studied the differential effects between a 
commercial dextrin of a dextrose equivalent 16 (DE16) and a cyclic dextrin, highly branched- 
based sports drink on GI disturbances (e.g., belching, flatulence, nausea) during exercise. The 
study was conducted in 7 untrained male subjects (34.3k2.8 years old). Study participants were 

&”**$ 
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provided water or a prototype sports drink containing cyclic dextrin, highly branched, DE16, or 
glucose, with several days between each trial. Each carbohydrate-based drink (350 mL) was 
composed of 10% carbohydrates, providing approximately 35 g of carbohydrate person. The 
subjects consumed the drinks immediately after completing 3 minutes of cycling, after which 
they were permitted a IO-minute rest. The subjects then completed a further 30 minutes of 
cycling. Every 5 minutes after drinking the test drinks, the subjects were asked to assess 
feelings of flatulence up to the end of the cycling period (40 minutes after drink consumption). 
The frequency of belching also was recorded. The cyclic dextrin,' highly branched-based sports 
drink produced significantly lower flatulence scores and significantly fewer incidences of 
belching during exercise compared to the other test drinks (DE16 and glucose). Incidence of 
these GI effects following cyclic dextrin, highly branched consumption was similar to that 
observed with water. The results of this study demonstrate that cyclic dextrin, highly branched 
is well-tolerated following consumption by humans. 

The same authors also investigated the effect of a single dose of cyclic dextrin, highly branched 
on gastric emptying time (GET) in comparison to other carbohydrate solutions in humans (Takii 
et a/., 2005). Ten (IO) healthy volunteers (7 men and 3 women) were provided with 350 mL of 
test solution, containing cyclic dextrin, highly branched or glucose, to consume within 2 minutes. 
First, a dose-response experiment was conducted in which subjects consumed solutions 
containing either cyclic dextrin, highly branched or glucose at concentrations of 1.25, 2.5, 5, or 
10%. In a second set of experiments, subjects consumed test drinks composed of water, 
physiological saline, or carbohydrate solution containing cyclic dextrin, highly branched, 
commercially available DEI 6, glucose, maltose, or sucrose. The test solutions provided either 
17.5 g (5%) or 35 g (1 0%) of carbohydrate/ person. While the authors did not explicitly indicate 
that GI side effects were monitored during the course of the study, no incidence of any GI 
symptoms were noted by the authors. 

IV.E.2 y-C yclodextri n 

Koutsou et a/. (1 999) conducted a randomized, double-blind, cross-over (I-week wash-out 
period) study to assess the tolerability of y-cyclodextrin in comparison to that of maltodextrin. 
The study included 24 apparently healthy male (n=12) and female (n=12) students, 21 to 24 
years of age. On the day of the trial, groups of 12 study participants were provided 8 grams of 
either maltodextrin or y-cyclodextrin mixed in 100 g of yogurt to be consumed within 15 minutes 
as a mid-morning snack. Subjects were required to record and score GI tolerance symptoms 
(belching, nausea, vomiting, bloating, borborygmia, abdominal cramping, and flatulence) at 3 to 
4 and 7 to 8 hours following maltodextrin or y-cyclodextrin consumption. Subjects also were 
required to record the number and time of defecations, as well as the consistency of feces 
(watery, normal, or hard). Three (3) to 4 hours after maltodextrin consumption, 5 subjects 
reported a total of 12 symptoms, including 3 cases of nausea, 2 cases each of belching, 
bloating, and watery feces, and 1 case of borborygmia. The grade of severity of GI symptoms 
ranged from 1 (more than normal) to 3 (exceptionally more than normal), depending on the 
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case. In addition, 1 mild case (grade 1) of flatus was recorded 7 to 8 hours after maltodextrin 
consumption. Following y-cyclodextrin consumption, all GI symptoms experienced by subjects 
were mild in nature (grade 1) and occurred during the first 3 to 4 hours except for 1 mild case of 
watery feces, which was reported 7 to 8 hours after y-cyclodextrin consumption. Specifically, 5 
subjects reported a total of 6 symptoms following y-cyclodextrin consumption, including 2 cases 
of flatus and 1 case each of borborygmia, abdominal cramping, and watery feces. Statistical 
analyses revealed no significant difference in the incidence of GI symptoms between subjects 
consuming maltodextrin or y-cyclodextrin when the symptoms were analyzed individually or in 
combination. None of the subjects complained of vomiting or diarrhea. Thus, a single dose of 
8 g y-cyclodextrin was shown to be well-tolerated by humans and did not result in GI discomfort. 

r-- 9% 

The study evaluating the effect of y-cyclodextrin on postprandial glycemic response described in 
Section IV.C.l also included an assessment of tolerance (Asp et a/., 2006). In total, 32 healthy 
male (n=11) and non-pregnant, non-lactating female (n=21) subjects, 21 to 36 years of age, 
participated in this randomized, double-blind, cross-over trial. Subjects were provided with 50 g 
of either y-cyclodextrin or maltodextrin served in a 480 mL beverage for oral consumption 
following an overnight fast. The frequency and severity of GI tolerance symptoms were 
recorded for the first and second 24-hour periods following test beverage consumption. 
Symptoms of nausea, abdominal cramping, abdominal distention, and flatulence were scored 
for frequency (0 = usual, 10 = more than usual) and severity (0 = absent, 10 = severe). Stool 
frequency and consistency information also was collected for the first and second 24-hour 
periods following test beverage consumption. Subjects recorded the time of each bowel 
movement and stool consistency, which was scored using a 5-point scale. Results for 
y-cyclodextrin were compared to those of maltodextrin. Both carbohydrate beverages were 
well-tolerated by subjects. The mean severity rankings for all GI symptoms following both 
y-cyclodextrin and maltodextrin administration were e2 and < I  for the first and second 24-hour 
periods, respectively. Similar results were observed for the frequency scores. The mean 
rankings for stool consistency and frequency were 2.41 and 1.03, respectively, and were not 
significantly different from those obtained after maltodextrin consumption. Thus, a single dose 
of 50 g of y-cyclodextrin was well-tolerated and did not result in adverse GI effects. The results 
of this study corroborate those of Koutsou et a/. (1999), with both studies demonstrating good 
tolerability of y-cyclodextrin at doses of up to 50 g in humans. 

1V.F Additional Safety-Related Considerations 

IV.F.l Potential Effects on Nutrient Absorption 

Due to the steric arrangement of the glucose units of cyclodextrins, which ensures that the inner 
side of the molecule is less polar than the outer side, cyclodextrins have the ability to form 
inclusion complexes with various organic compounds, including fat-soluble vitamins and 
polyunsaturated fatty acids (Munro et a/., 2004). As a result of this property, the possibility of an 
interaction between cyclodextrins and nutrients was considered as part of the safety -*Pa 
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assessment of y-cyclodextrin by Munro et a/. (2004). Munro et a/. (2004) argued that the 
formation of inclusion complexes is reversible and that in the presence of other food 
components or contents of the stomach or intestine, vitamins complexed with cyclodextrins 
would be replaced by other organic compounds of greater affinity. Along the same lines, 
cyclodextrins have been shown to increase the bioavailability of fat-soluble vitamins and other 
lipophilic compounds by increasing the water solubility of these compounds through formation of 
inclusion complexes (Szejtli et a/., 1983; Bardos et a/., 1989; Cravatto et a/., 2006). This 
property of cyclodextrins enhances the dissolution of normally hydrophobic compounds in the GI 
tract upon oral ingestion, ultimately increasing their availability for absorption. Moreover, 
following ingestion, y-cyclodextrin is subject to complete hydrolysis beginning in the mouth via 
the action of salivary a-amylase and continuing in the intestine. Further support for the absence 
of a cyclodextrin-related effect on nutrient absorption was derived from a I-year dog study 
conducted with P-cyclodextrin in which no effects were observed on plasma and liver levels of 
vitamins A and E, and plasma levels of vitamin D (hepatic vitamin D levels were not assessed) 
following administration of P-cyclodextrin in the diet at concentrations of up to 5% (Bellringer et 
a/. , 1995; Toyoda et a/. , 1997). 

Since cyclic dextrin, highly branched comprises highly-branched cyclic dextrin molecules, the 
possibility of an interaction between nutrients and the cyclic a-glucan moiety of these molecules 
also was considered; however, there are no existing data to suggest that the cyclic portion of 
highly-branched cyclic dextrin molecules forms complexes with organic compounds. Inclusion 
properties of the smaller cyclodextrins are driven by the steric forces associated with the 
glucose molecules joining to form a small ring. Given that the cyclic structures of the ingredient 
comprise at least 16 glucose molecules and as many as 100, the steric arrangement, 
particularly of the larger cyclic structures, would not be expected to be similar to that of a small 
cyclodextrin, but would instead allow for flexibility and conformational freedom. Thus, the cyclic 
moieties of the highly-branched cyclic dextrin molecules would be less likely to form inclusion 
complexes with nutrients. Furthermore, ring size is an important determinant of the hydrolysis 
of cyclic molecules, with the rate of hydrolysis increasing with increasing ring size. Accordingly, 
the cyclic moieties of the highly-branched cyclic dextrin molecules will be hydrolyzed rapidly, 
thus creating less potential for interaction with nutrients following oral consumption. 

IV.F.2 Potential Effects on Cell Membranes 

In vitro, cyclodextrins have been shown to induce hemolysis of erythrocytes likely as a result of 
cyclodextrin-mediated extraction of cholesterol and other lipids from the membrane of red blood 
cells (lrie et a/., 1982). In comparison to a- and P-cyclodextrin, y-cyclodextrin possessed the 
lowest effect on membranes (Okada et a/., 1988; Yoshida et a/., 1988; Ohtani et a/., 1989; Bar 
and Ulitzur, 1994; Leroy-Lechat et a/., 1994). Considering that the highly-branched cyclic 
dextrin molecules also contain a cyclic a-glucan structure, the possibility of cyclic dextrin, highly 
branched-induced hemolysis was assessed. However, as previously mentioned, in light of the 
considerably larger size of the ring moieties of the highly-branched cyclic dextrin molecules 
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compared to the cyclodextrins, it is not likely that the cyclic dextrin, highly branched ingredient 
would share similar hemolytic properties. More importantly, however, the highly-branched cyclic 
dextrin molecules are hydrolyzed following ingestion and not absorbed intact, and therefore, are 
unlikely to have any effect on erythrocytes. 

A"* s- 

IV.F.3 Gastric Emptying Time (GET) 

Some substances, including ethanol and certain drugs (e.g., aspirin), are metabolized to some 
extent in the stomach (Seitz and Poschl, 1997; Caballeria, 2003). Thus, changes in GET may 
have an effect on the metabolism of such substances. In the human study by Takii et a/. (2005) 
discussed in greater detail in Section IV.E.l, GET was assessed following consumption of a 5 or 
10% cyclic dextrin, highly branched solution and compared to that following consumption of 
solutions prepared with other carbohydrates (5 or 10% glucose, maltose, sucrose, and DE16). 
No significant differences were observed in GET following ingestion of any of the 5% 
carbohydrate solutions. However, 10% solutions of glucose and maltose were shown to result 
in longer (statistically significant in the case of glucose) GET compared to a 10% cyclic dextrin, 
highly branched solution. Conversely, GET following ingestion of the 10% cyclic dextrin, highly 
branched solution was longer compared to that following ingestion of sucrose- or dextrin 
(DEI 6)-based solutions. While the 10% cyclic dextrin, highly branched solution was evacuated 
faster from the stomach than either a solution of glucose or maltose, its GET was generally 
within the range of the other commonly consumed carbohydrates tested in this study. In a 
sports drink, containing minerals, vitamins, and organic acids, cyclic dextrin, highly branched 

GET. In a mixed food matrix, fats and protein will have a greater effect on GET than 
carbohydrates. Thus, while cyclic dextrin, highly branched has some effect on GET, its GET is 
comparable to that of other carbohydrates. Furthermore, given that many of the intended uses 
of cyclic dextrin, highly branched are in foods containing other nutrients, consumption of cyclic 
dextrin, highly branched is not expected to have any physiologically significant effect on GET, 
and consequently, on the metabolism of substances that are metabolized in the stomach. 

"r 

displayed a faster GET than DE16, indicating that the presence of other substances affects *4* 

1V.G Summary and Basis for GRAS Conclusion 

The GRAS determination for the use of cyclic dextrin, highly branched as a food ingredient is 
based on scientific procedures. The ingredient is composed of not less than 80% highly- 
branched cyclic dextrin molecules, with the remainder of the ingredient composed of moisture 
and ash (<6%), glucose (<3.5%), and other saccharide molecules (approximately 10%) with 
molecular weights outside the range of the highly-branched cyclic dextrins. Cyclic dextrin, 
highly branched is intended for use in a variety of traditional food products, including baked 
goods and baking mixes, beverages and beverage bases, breakfast cereals, tea, grain 
products, seasonings, milk and plant protein products, processed fruits and vegetables and fruit 
and vegetable juices, soft candy, and powdered soups. Cyclic dextrin, highly branched will be 
added to selected ready to eat foods and beverages at maximum use levels of up to 30%. In .-% 
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products requiring further preparation prior to consumption (Le., beverage powders, powdered 
seasonings, and dry soup mixes), the ingredient will be added at maximum use levels of up to 
75%. The resulting cyclic dextrin, highly branched levels will range from 0.25 to 24 g per RACC 
(21 CFR 101 .I 2 - U.S. FDA, 2009). Under the intended conditions of use, the estimated all- 
user mean and 9Oth percentile intakes of cyclic dextrin, highly branched by the total U.S. 
population are 22 g/person/day (425 mg/kg body weightlday) and 48 g/person/day (1,011 mglkg 
body weighvday), respectively. 

Cyclic dextrin, highly branched is produced in accordance with cGMP and meets appropriate 
food-grade specifications. The ingredient is produced from a GRAS substance, consisting of 
food-grade waxy corn starch (unmodified). The manufacture of cyclic dextrin, highly branched 
involves hydrolysis of the waxy corn starch starting material using a-amylase derived from 
non-g enet ica I I y mod if ied B. subtilis. B. subtilis-de rived carbohydrase preparations containing 
a-amylase are affirmed as GRAS by FDA for use as direct food substances. Subsequently, 
bacterially-derived 1,4-a-D-glucan branching enzyme [( 1 +4)-a-D-glucan:( 1 +4)-a-D-glucan 6-a- 
D-[( 1 +4)-a-D-glucano]-transferase); EC 2.4.1.18; CAS No. 9001 -97-21 is applied to the 
hydrolyzed waxy corn starch and catalyzes a cyclization reaction within the oligosaccharide 
clusters (intramolecular transglycosylation). The end product is a highly-branched cyclic dextrin 
molecule, in which the structural units consist of a-D-glucose monomers linked by a-(I ,4) 
glucosidic bonds, with branching and cyclization occurring via a-( 1,6) glucosidic bonds. The 
branching enzyme is derived either from non-genetically modified B. stearothermophilus 
TRBE14 or genetically-modified B. subtilis 168 and is a safe and suitable enzyme for the 
production of cyclic dextrin, highly branched*. It should be noted that the bacteria used to 
produce the branching enzyme preparation are lysed and removed from the branching enzyme 
preparation at the enzyme production stage, and therefore, the bacteria are not carried over into 
the final product. Carry-over of active enzyme residues is prevented by denaturing and 
inactivating the enzyme via pH reduction and high-temperature heating immediately following 
each enzyme-catalyzed reaction. Downstream steps in the manufacturing process for cyclic 
dextrin, highly branched include filtration, decolorization, and deionization to remove the 
biocatalysts and any residual particles. Lot samples are routinely assayed to verify compliance 
with the specifications, including those for chemical impurities and microbiological contaminants, 
and non-consecutive batch analyses confirm the consistency of the final product and 
reproducibility of the manufacturing process. Additional analyses for pesticides and mycotoxins 
indicate compliance of the waxy corn starch starting material with current FDA action levels. 

The safety of cyclic dextrin, highly branched under the intended conditions of use is supported 
by the digestibility of the ingredient and the available ingredient-specific toxicological and human 

* A GRAS Exemption claim for 1,4-a-D-glucan branching enzyme derived from non-genetically modified 
B. stearothermophilus strain TREE14 and genetically-modified B. subtilis strain 168 has been concurrently submitted 
to FDA. 
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studies. The safety data from metabolism studies and toxicity and human studies conducted 
with cyclic dextrin, highly branched are corroborated by toxicological and human data on 
y-cyclodextrin, which is the largest cyclodextrin [i.e., cyclic a-( 1-4) glucan] currently permitted for 
use in food in the U.S. Although cyclic dextrin, highly branched and y-cyclodextrin are not 
structurally identical, their cyclic structures, although also not identical, share similarities in that 
both are cyclic a-glucans with a common metabolic fate. Thus, toxicological studies on y- 
cyclodextrin were considered to be appropriate for discussing the safety of the cyclic a-glucan 
moiety of the highly branched cyclic dextrin molecules. The branched clusters of the highly- 
branched cyclic dextrin molecules are derived from amylopectin, and thus, do not pose a safety 
concern considering that starch components possess a long history of safe consumption in 
humans. The safety of the ingredient also is supported by the long history of safe use of 
modified food starches in food. 

* '  . 
- - ~  * 

Cyclic dextrin, highly branched consists of hydrolyzed amylopectin, a component of starch, with 
further enzymatic modification to produce a cyclic a-glucan moiety that is reminiscent of 
cyclodextrin ingredients (i.e., a-, p-, y-cyclodextrin). The results of digestibility studies confirmed 
that the highly-branched cyclic dextrin molecules are digested in a manner consistent with the 
digestion of starch (amylopectin) and other starch-derived cyclic a-glucans (branched or 
non-branched). Specifically, the highly-branched cyclic dextrin molecules were shown by in 
vitro experimentation to be hydrolyzed by salivary and pancreatic a-amylases to maltose, 

glucose by intestinal enzymes (Choi et a/., 2009). Ingestion of cyclic dextrin, highly branched by 
experimental animals and humans resulted in increased, postprandial glucose levels indicative 
of glucose absorption, thus further supporting that cyclic dextrin, highly branched is largely 
digested in vivo to glucose (Takii et a/., 1999, 2004). While small amounts of cyclic dextrin, 
highly branched may be incompletely digested, the undigested fraction of the carbohydrate 
products that escape hydrolysis would not be absorbed considering that the only absorbable 
product of dietary a-glucan digestion is glucose (i.e., there is no mechanism in place for the 
absorption of oligo- or polysaccharides). Instead, the undigested fractions would pass into the 
large intestine for degradation by intestinal microflora, a normal and natural fermentation 
process (Stephen, 1991; Wursch, 1991; Brown, 1996; De Bie et a/., 1998; Topping and Clifton, 
2001 ). Short-chain fatty acids are produced from the fermentation process, which are absorbed 
from the lower intestine and further metabolized to produce energy in well-characterized 
biochemical pathways. The results of the human study conducted by Takii et a/. (2004), 
however, demonstrate that cyclic dextrin, highly branched is well tolerated in humans. The 
absence of any GI disturbances that are typically observed with non-digestible carbohydrates in 
this study demonstrates, therefore, that cyclic dextrin, highly branched is completely hydrolyzed 
and absorbed as glucose at bolus intakes of up to at least 35 g per person. In addition, 
although the dose applied in the human study does not cover the estimated heavy consumer 
daily intake of cyclic dextrin, highly branched by the total U.S. population (all-user 90th percentile 
intake of 48 g/person/day or 1,011 mg/kg body weightlday), intolerability to the ingredient is not 

maltotriose, and other small oligosaccharides, with subsequent digestion of these products to - *  
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expected even at this level of intake considering that the daily intake of cyclic dextrin, highly 
branched is resultant of smaller intakes throughout the day and not due to a single large bolus 
intake [the maximum intended use level of the ingredient is 25 g per RACC (21 CFR 101.12 - 
U.S. FDA, 2009)l. Thus, cyclic dextrin, highly branched, undergoes normal carbohydrate 
digestion and would not be associated with intolerability issues at the estimated daily intake 
levels. Therefore, such consumption levels do not constitute a safety issue, particularly 
considering that the calculated estimated intake levels of the ingredient are highly conservative 
estimates. 

The results of animal toxicity studies conducted on cyclic dextrin, highly branched and 
y-cyclodextrin are supportive of the safety of cyclic dextrin, highly branched for human 
consumption at the intended levels of use. An oral LDS0 of greater than 2,000 mg/kg body 
weight was established for cyclic dextrin, highly branched in Wistar rats. In addition, oral LD50 
values of greater than 8,000 and 15,000 mg/kg body weight in Sprague-Dawley rats and ICR 
mice, respectively, were estimated for y-cyclodextrin based on acute toxicity studies. 

Although subchronic and chronic toxicity data on cyclic dextrin, highly branched were not 
available, 13-week and I-year (in rats only) oral toxicity studies conducted with y-cyclodextrin 
indicate that repeated administration of y-cyclodextrin at dietary levels of up to 20% was well- 
tolerated and not associated with any compound-related adverse effects or death in Wistar rats 
(Lina and Bar, 1998; Lina, 1999) or Beagle dogs (Til and Bar, 1998). Although a slight reduction 
in body weight, soft stools, and enlargement of the full and empty cecum were consistently 
observed at the 20% level, these effects also were observed, and were more pronounced, upon 
administration of a diet consisting of 20% lactose, a carbohydrate that is incompletely digested 
in the small intestine of rats (Dahlqvist and Thomson, 1964). Other reported minor changes 
observed at the 20% level were transient and considered not toxicologically significant, but 
rather attributed to the presence of a large amount of an osmotically active substance in the 
large intestine. Thus, repeated exposure to orally administered y-cyclodextrin via the diet 
produces physiological responses that are typically associated with the ingestion of high levels 
of incompletely digested carbohydrates, and therefore, are not of toxicological concern (Bar, 
1985; Newberne et a/., 1988). Under the conditions of the 13-week subchronic studies, the 
NOAEL for y-cyclodextrin was determined to be 20% in the diet, the highest level tested, 
equivalent to approximately 9 and 11 g/kg body weightlday for male and female Wistar rats, 
respectively (Lina, 1999). Under the conditions of the I-year long-term study, the NOAEL for 
y-cyclodextrin was determined to be 20% in the diet, the highest level tested, equivalent to 
approximately 9 and 11 glkg body weightlday for male and female Wistar rats, respectively 
(Lina, 1999). Similar physiological effects, as observed with y-cyclodextrin, may be expected 
with the cyclic dextrin, highly branched ingredient; however, as discussed above, cyclic dextrin, 
highly branched is likely completely digested in humans following consumption. 

Ezaki Glico Co., Ltd. 
October 7,2010 



GRAS EXEMPTION CLAIM FOR CYCLIC DEXTRIN, HIGHLY BRANCHED 

Cyclic dextrin, highly branched was shown to be non-mutagenic in vitro in the standard bacterial 

genotoxic in both in vitro and in vivo validated systems (Blijleven, 1991 ; Immel, 1991 ; de Vogel 
and van Delft, 1996). 

reverse mutation assay (Choi et a/., 2009). y-Cyclodextrin also was non-mutagenic and non- bb 

Developmental toxicity studies conducted in Wistar rats and New Zealand white rabbits 
demonstrated that administration of y-cyclodextrin during gestation at dietary levels of up to 
20% (approximately 11 g/kg body weighvday for rats and 5 to 7 g/kg body weighvday in rabbits) 
was not maternally toxic (Waalkens-Berendsen et a/., 1998a,b). Additionally, in utero exposure 
to y-cyclodextrin at levels of up to 20% of the maternal diet did not result in embryotoxicity, 
fetotoxicity, or teratogenicity in rats or rabbits (Waalkens-Berendsen et a/., 1998a,b). Therefore, 
no adverse effects on development are expected to be associated with the large-ring cyclic 
a-glucan moiety of cyclic dextrin, highly branched. 

The safety of cyclic dextrin, highly branched is further supported by the results of human studies 
conducted with the cyclic dextrin, highly branched ingredient at a dose relevant to the intended 
use levels of the ingredient. Results of a study conducted in healthy subjects to evaluate 
tolerability of cyclic dextrin, highly branched indicated that the frequency of GI discomforts, such 
as flatulence or belching, following consumption of a sports drink composed of 10% cyclic 
dextrin, highly branched (providing approximately 35 g of cyclic dextrin, highly branched per 
person) was comparable to that after consumption of water (Takii et a/., 2004). Likewise, 
randomized, double blind, cross-over trials conducted in healthy human volunteers 
demonstrated that consumption of single doses of up to 50 g of y-cyclodextrin was well- 
tolerated and did not induce GI symptoms or discomfort in comparison to equal amounts of 
maltodextrin (Koutsou et a/., 1999; Asp et a/., 2006). Collectively, the human tolerability data 
available on cyclic dextrin, highly branched and y-cyclodextrin indicate that cyclic dextrin, highly 
branched can be consumed in considerable amounts without adverse effects or tolerability 
issues. Additionally, the highly-branched cyclic molecules of cyclic dextrin, highly branched are 
rapidly hydrolyzed and not absorbed intact; therefore, the cyclic a-glucan moiety of cyclic 
dextrin, highly branched would not have any adverse effects on nutrient absorption and would 
not induce hemolytic effects. Furthermore, the data indicate that ingestion of cyclic dextrin, 
highly branched will not have any physiologically relevant effects on GET (Takii et a/., 2005). 
Thus, the results of the human study conducted with cyclic dextrin, highly branched support the 
maximum intended use level of the ingredient of 25 g per RACC (21 CFR 101.12 - U.S. FDA, 
2009). Moreover, the ingredient does not pose any safety concerns given that modified food 
starches are prevalent constituents of the human diet with a long history of safe use in food and 
that the ingredient is efficiently digested to glucose, which is a safe product of carbohydrate 
digestion as described above. Thus, repeated consumption of cyclic dextrin, highly branched 
would not produce any adverse effects. 

s1, 
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Together, the above data provided support the conclusion that the consumption of cyclic dextrin, 
highly branched under the intended conditions of use would not be expected to produce 
adverse effects in consumers. 

Finally, the Expert Panel convened on behalf of Ezaki, independently and collectively, critically 
evaluated the data and information summarized above and concluded that the intended uses of 
cyclic dextrin, highly branched, trade named Cluster Dextrin@ (CCD@), produced consistently 
with cGMP and meeting appropriate food grade specifications described herein, are safe and 
suitable. Furthermore, the Expert Panel unanimously concluded that the intended uses of cyclic 
dextrin, highly branched are GRAS based on scientific procedures. It is also Ezaki’s opinion 
that other qualified and competent scientists reviewing the same publicly available toxicological 
and safety information would reach the same conclusion. Therefore, Ezaki has concluded that 
cyclic dextrin, highly branched is GRAS under the intended conditions of use on the basis of 
scientific procedures; therefore, the ingredient is excluded from the definition of a food additive 
and thus may be marketed and sold for the uses designated above in the U.S. without the 
promulgation of a food additive regulation under Title 21 of the CFR. 
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INTRODUCTION 

At the request of Ezaki Glico Co., Ltd. (Ezaki Glico), an Expert Panel (the “Panel”) of 
independent scientists, qualified by their relevant national and international experience and 
scientific training to evaluate the safety of food ingredients, was specially convened to conduct a 
critical and comprehensive evaluation of the available pertinent data and information, and 
determine whether, under the conditions of intended use as a food ingredient, cyclic dextrin, 
highly branched (Cyclic Cluster Dextrin; CCD) would be Generally Recognized as Safe (GRAS) 
based on scientific procedures. The Panel consisted of the below-signed qualified scientific 
experts: Dr. Joseph F. Borzelleca (Virginia Commonwealth University School of Medicine), Dr. 
Paul M. Kuznesof (pmKuznesof, LLC), and Dr. William J. Waddell (University of Louisville 
School of Medicine). Curricula vitae evidencing the Panel members’ qualifications for 
evaluating the safety of food ingredients are provided in Attachment 1. 

The Panel, independently and collectively, critically examined a comprehensive package of 
scientific information and data compiled from the literature and other published sources through 
March of 2008 by Cantox Health Sciences International (Cantox). In addition, the Panel 
evaluated other information deemed appropriate or necessary, including data and information 
provided by Ezaki Glico. The information evaluated by the Panel included details pertaining to 
the method of manufacture and product specifications, supporting analytical data, intended use- 
levels in specified food products, consumption estimates for all intended uses, and a 
comprehensive assessment of the available scientific literature pertaining to the safety of CCD 
and structurally similar saccharides, including y-cyclodextrin. 

Following independent, critical evaluation of such data and information, the Panel convened on 
15 July 2008 and unanimously concluded that the intended uses in traditional foods described 
herein for CCD, meeting appropriate food-grade specifications as described in the supporting 
dossier [Documentation Supporting the Evaluation of Cyclic Dextrin, Highly Branched As 
Generally Recognized As Safe (GRAS) For Use In Traditional Food Products] and 
manufactured consistent with current Good Manufacturing Practices (GMP), are GRAS based 
on scientific procedures. A summary of the basis for the Panel’s conclusion is provided below. 
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SUMMARY AND BASIS FOR GRAS 

Ezaki Glico intends to market CCD, a white, odorless powder primarily composed of highly- 
branched cyclic dextrin molecules for use in foods and beverages, including baked goods and 
baking mixes, beverages and beverage bases, breakfast cereals, coffee and tea, grain products 
and pastas, herbs, spices, seasonings, and flavorings, milk products, plant protein products, 
processed fruits and fruit juices, processed vegetables and vegetable juices, soft candy, and 
soups and soup mixes. Highly-branched cyclic dextrin molecules consist of a-( 1,4)- and a-( 1,6)- 
linked a-D-glucose units. The cyclic portion of the highly-branched dextrin molecules consists 
of approximately 16 to 100 a-( 1,4)-linked glucose molecules. CCD is proposed for use in 
selected ready to eat foods and beverages at maximum use-levels of up to 30%. In products 
requiring further preparation prior to consumption (Le., beverage powders, powdered 
seasonings, and dry soup mixes) use-levels of up to 75% are proposed for CCD. 
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The consumption of CCD from all proposed food uses was estimated using the National Center 
for Health Statistics' (NCHS) 2003-2004 National Health and Nutrition Examination Surveys 
(NHANES) (CDC, 2006; USDA, 2008), which provide the most appropriate data for evaluating 
food-use and food-consumption patterns in the United States. Under the conditions of intended 
use of CCD in food, total U.S. population all users mean and 90th percentile daily intakes from 
all-proposed food-uses were estimated to be 22 g/person/day (425 mg/kg body weightlday) and 
48 g/person/day (1,011 mg/kg body weightlday), respectively. 

CCD is manufactured from the hydrolysis (liquefaction) of waxy corn starch using a-amylase 
from B. subtilis. B. subtilis- and 6. stearothermophilus-derived a-amylase preparations are 
affirmed as GRAS by the FDA for use as direct food substances. The ring structure of CCD is 
subsequently formed via a cyclization reaction catalyzed by a non-genetically- or one of two 
genetically-modified bacterially-derived branching enzymes (BE and BE-OI/BE-02, 
respectively). Native B. stearothermophilus is utilized to produce BE. BE-01 and BE-02 are 
produced by B. subtilis that has been genetically modified to express the gene encoding the 
branching enzyme from B. stearothermophilus or Aquifex aelicus, respectively. While an 
enzyme preparation (a-acetolactate decarboxylase) from a recombinant B. subtilis is permitted 
as a secondary direct food additive for use in food for human consumption by the FDA, 
recombinant B. subtilis with genes from B. stearothermophilus or A. aeolicus has not been 
previously approved for use in food by the FDA. Likewise, the non-genetically-modified 
branching enzyme produced by B. stearothermophilus (BE) also has not been approved for use 
in food by the FDA. Thus, assessment of the safety of CCD also included an evaluation of the 
safety of the branching enzymes that are irivolved in its production (BE, BE-01, and BE-02). 

CCD is produced in accordance with current GMP and meets appropriate food-grade 
specifications. Lot samples are routinely assayed to verify compliance with specifications. 
Carry-over of the bacteria into the final product is prevented at the enzyme production stage, by 
lysing and removing the bacteria from the enzyme preparations. Thus, only a purified enzyme 

~ 
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filtrate is added to the starting material for the synthesis of CCD. Carry-over of active enzyme 
residues also is prevented by denaturing and inactivating the enzyme via pH reduction and 
high-temperature heating immediately following each enzyme-catalyzed reaction. In addition, 
downstream steps in the manufacturing process for CCD include purification to remove the 
biocatalysts and any residual particles. Final product specifications indicate that highly- 
branched cyclic dextrin molecules comprise at least 80% of the overall composition and that the 
final product possesses a dextrose equivalent of less than 5. Glucose is present in the final 
product at a level of less than 3.5%. Analysis of the final CCD product for microbes, heavy 
metals, pesticides, and mycotoxins indicate compliance with current FDA action and tolerance 
levels that have been set for these contaminants. All reagents and processing aids used in the 
manufacture of CCD are food-grade materials. 

Studies evaluating the degradability, short-term toxicity, and mutagenicity of CCD, as well as 
tolerance in humans were used to substantiate the safety of CCD for human consumption. 
Since CCD largely consists of cyclic dextrin molecules that are structurally-related to 
y-cyclodextrin (y-cyclodextrin is a cyclic a-( 1,4)-linked oligosaccharide that resembles the ring 
structure of the cyclic dextrin molecules in CCD), safety data on y-cyclodextrin, including studies 
to assess metabolic disposition and subchronic and chronic toxicity, developmental and 
reproductive toxicity, mutagenicity and genotoxicity, and human tolerance studies were 
reviewed to support the degradability and safety of the cyclic moiety of the highly-branched 
cyclic dextrin molecules present in CCD. 

CCD is synthesized from amylopectin, a component of starch, with further enzymatic 
modification to produce cyclic moieties. The branched linear polysaccharide portion of the 
dextrin molecules of CCD is structurally similar to amylopectin, whereas the ring structure is 
related to the naturally occurring cyclodextrin, y-cyclodextrin. Accordingly, CCD is expected to 
share a similar digestive fate as that of starch (amylopectin) and y-cyclodextrin. Amylopectin 
and y-cyclodextrin are well known to be hydrolyzed by a-amylases and predominantly digested 
to glucose in the small intestine. In vitro, CCD also was confirmed to be hydrolyzed by human 
salivary a-amylase to maltose and maltotriose, natural products of starch digestion, with 
subsequent digestion of the di- and trisaccharides to glucose by intestinal enzymes as shown in 
vitro in the presence of rat intestinal homogenates (Unpublished Data, 2008). Ingestion of CCD 
by experimental animals and humans resulted in increased, postprandial glucose and/or insulin 
levels, thus further supporting that CCD is largely digested in vivo to glucose (Takii et a/., 1999, 
2004). While small amounts of CCD may be incompletely digested, the undigested fraction of 
the carbohydrate products that escape hydrolysis would pass into the large intestine for 
degradation by intestinal microflora, a normal and natural fermentation process (Stephen, 
1991). Short-chain fatty acids are produced from the fermentation process, which are absorbed 
from the lower intestine and further metabolized to produce energy in well-characterized 
biochemical pathways. Absence of any GI disturbances that are typically observed with non- 
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digestible carbohydrates in a human study conducted to assess CCD tolerability (Takii et a/., .- #4. 
2004) further confirms that CCD is largely hydrolyzed and absorbed as glucose. 

The results of animal toxicity studies conducted on CCD and y-cyclodextrin are supportive of the 
safety of CCD for human consumption at the intended levels of use. A single oral dose of 
2,000 mg CCD/kg body weight did not result in acute toxicity or death in Wistar rats (An-Pyo 
Center, 1998a). Thus, an oral LDso of greater than 2,000 mg/kg body weight was established for 
CCD in rats. Oral LDso values of greater than 8,000 and 16,000 mg/kg body weight in Sprague- 
Dawley rats and ICR mice (Matsuda et a/., 1983; Immel, 1991), respectively, were estimated 
based on acute toxicity studies conducted with y-cyclodextrin and provide further support for the 
low order of acute toxicity associated with CCD. Although subchronic toxicity data on CCD 
were not available, 13-week oral toxicity studies conducted with y-cyclodextrin indicate that 
repeated administration of y-cyclodextrin at dietary levels of up to 20% was well-tolerated and 
not associated with any compound-related adverse effects or death in Wistar rats (Lina and Bar, 
1998) or Beagle dogs (Til and Bar, 1998). Although a slight reduction in body weight, soft 
stools, and enlargement of the full and empty cecum were consistently observed at the 20% 
level, these effects also were observed upon administration of a diet consisting of 20% lactose, 
a carbohydrate that is incompletely digested in the small intestine of rats (Dahlqvist and 
Thomson, 1964), but were more pronounced in the lactose group. Thus, subchronic exposure 
to orally administered y-cyclodextrin via the diet produces physiological responses that are 
typically associated with the ingestion of high levels of incompletely digested carbohydrates 
(Bar, 1985; Newberne et a/., 1988). Under the conditions of these studies, the NOAEL for 
y-cyclodextrin was determined to be 20% in the diet, the highest level tested, equivalent to 
approximately 11.4 and 12.7 g/kg body weightlday for male and female Wistar rats, respectively 
(Lina and Bar, 1998), and approximately 7.7 and 8.3 g/kg body weightlday for male and female 
Beagle dogs, respectively (Til and Bar, 1998). 

J 

Results similar to those observed in the short-term toxicity studies were observed following 
long-term exposure (1 year) of Wistar rats to y-cyclodextrin. y-Cyclodextrin at dietary levels of 
up to 20% was well-tolerated by rats and not associated with any compound-related adverse 
effects (Lina, 1999). A slight increase in cecum weight was observed in males at the 20% level 
as observed in the subchronic toxicity study, but was attributed to the presence of incompletely 
digested carbohydrates in the gut. Other reported minor changes observed at the 20% level 
were transient and considered not toxicologically significant, but rather attributed to the 
presence of a large amount of an osmotically active substance in the large intestine. Therefore, 
under the conditions of these studies, the NOAEL for y-cyclodextrin was determined to be 20% 
in the diet, the highest level tested, equivalent to approximately 9 and 11 g/kg body weighvday 
for male and female Wistar rats, respectively (Lina, 1999). 

Neither CCD nor y-cyclodextrin exhibited any mutagenic or genotoxic potential in vitro in 
standard bacterial strains (Blijleven, 1991 ; An-Pyo Center, 1998b). Furthermore, y-cyclodextrin 
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was shown to be non-clastogenic in vitro (Immel, 1991) and did not increase micronucleus 
frequency in mouse bone marrow cells in vivo (de Vogel and van Delft, 1996). 

Reproductive toxicity studies conducted in Wistar rats and New Zealand white rabbits 
demonstrated that administration during gestation of y-cyclodextrin at dietary levels of up to 
20% (approximately 11 g/kg body weight/day for rats and 5 to 7 g/kg body weight/day in rabbits) 
did not affect reproductive performance or fertility (Waalkens-Berendsen et a/., 1998a,b). In 
utero exposure to y-cyclodextrin at a maternal dietary level of 20% also did not result in 
embryotoxicity, fetotoxicity, or teratogenicity in rats or rabbits (Waalkens-Berendsen et a/. , 
1998a,b). Furthermore, y-cyclodextrin at this level was not maternally toxic. Accordingly, 
human consumption of CCD at the intended use levels is not expected to be associated with 
any adverse reproductive or developmental effects attributable to the ring structure. 

The highly-branched cyclic molecules of CCD are rapidly hydrolyzed and not absorbed intact; 
therefore the cyclic moieties of CCD would not have any adverse effects on nutrient absorption 
and would not induce hemolytic effects. Furthermore, ingestion of CCD will not have any 
physiologically relevant effects on gastric emptying time (GET). 

Results of a study conducted in humans to evaluate tolerability of CCD indicated that the 
frequency of GI discomforts, such as flatulence or belching, following consumption of a sports 
drink composed of 10% CCD, providing approximately 35 g of CCD/person, was comparable to 
that after consumption of water (Takii et a/., 2004). Likewise, randomized, double blind, cross- 
over trials conducted in healthy human males and females demonstrated that consumption of 
single doses of up to 50 g of y-cyclodextrin, a related cyclic dextrin, also was well-tolerated and 
did not induce GI symptoms or discomfort in comparison to equal amounts of maltodextrin 
(Koutsou et a/., 1999; Asp et a/., 2006). Symptoms assessed included belching, nausea, 
vomiting, bloating, borborygmia, abdominal cramping, abdominal distention, flatulence 
frequency, and stool frequency and consistency. Collectively, the human tolerability data 
available on CCD and y-cyclodextrin indicate that human consumption of CCD at the intended 
use-levels is not expected to be associated with any adverse GI symptoms. 

The intended CCD food-uses do not include products that would be marketed specifically for 
use by infants; however, some of the foods to which CCD is proposed for addition may be 
consumed by post-weaning infants and children. On a mg/kg body weight basis, infant (0 to 2 
years) intakes of CCD were estimated to be up to 5 times higher compared to populations 3 
years of age and older (3,062 mg/kg body weight/day versus 600 to 1,990 mg/kg body 
weight/day). Although information pertaining to the tolerability of CCD was identified only in 
adults, CCD is expected to be fully hydrolyzed to glucose following consumption and therefore 
is not anticipated to be associated with adverse gastrointestinal effects, including in post- 
weaning infants and children. Furthermore, based on the results of studies conducted with y- 
cyclodextrin in mature rats, CCD is not expected to be absorbed systemically intact to any 
physiologically-meaningful degree following consumption in adults. Although the potential for 
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intact absorption of CCD was not specifically assessed in infants or young children, from a 
functional and histological perspective, the post-weaning infant and adult gastrointestinal tracts 
can be considered similar. Specifically, the absorption of intact macromolecules "does not 
appear to be any more significant in full-term neonates than in the adult" (Juskevich and Guyer, 
1990). Furthermore, while it is well established that the gastric mucosa of newborns is 
permeable to macromolecules, the magnitude of this absorption is low and decreases 
substantially with increasing age, such that it is almost non-existent by weaning age (Axelsson 
et a/., 1989; Kuitunen et a/., 1994). Therefore, by the time post-weaning infants and young 
children reach the age where consumption of CCD-containing products would occur (Le., 
approximately 6 months to 1 year of age), differences in the absorption of macromolecules 
relative to adults are not expected. Accordingly, as in adults, CCD is not expected to be 
absorbed intact in infants or children. 

Small amounts of CCD that may escape digestion to glucose in the upper gastrointestinal tract 
would be fermented in the lower gut of post-weaning infants and young children much like in 
adults. In humans, exposure to non-digestible carbohydrates that are fermented in the lower 
gut occurs from a very early stage. Human milk has been identified to contain over 100 different 
oligosaccharides at concentrations of up to 10 to 12 g/L that play a critical role in the 
development of the infant microflora (Stahl et a/., 1994; Kunz et a/., 1999; Veerman et a/,, 2007). 
Additionally, given the prevalence of non-digestible carbohydrates in the diet, post-weaning 
infants and young children are exposed to significant amounts of such materials from food. The 
average intake of indigestible carbohydrates from various foods was estimated to be 1.9 g/day 
(ranging from 1 .O to 3.2 g/day) in infants S I  year of age and 3.7 g/day (ranging from 2.0 to 6.0 
g/day) in children 1 to 5 years of age (Murphy et a/., 2008). Furthermore, intakes of indigestible 
carbohydrates in infants and young children did not differ significantly from those observed in 
populations aged 6 years of age and older (average 4.2 to 5.9 g/day; ranging from 2.1 to 9.8 
g/day); however, on a mg/kg body weight basis, infants and young children are exposed to 
roughly 2.5-fold higher quantities of indigestible carbohydrates relative to adults (estimate based 
on a 10 kg child versus a 65 kg adult). Furthermore, in 2001, the Scientific Committee on Food 
(SCF) was asked to comment on the safety of the use of resistant short chain carbohydrates 
(oligofructose and oligogalactose) in infant products and concluded that use of such ingredients 
at concentrations of 0.8 g/dL was acceptable in follow-on formula intended for older infants 
(SCF, 2001). Accordingly, it is not expected that CCD, which will be predominantly hydrolyzed 
to glucose in the upper gastrointestinal tract, with only small quantities escaping digestion, 
would be associated with any significant gastrointestinal disturbances when consumed by 
infants or young children. 

The bacterially-derived branching enzymes used in the production of CCD are not currently 
permitted for use in food in the U.S. Thus, the evaluation of CCD safety also included an 
assessment of the safety of the branching enzymes, as well as their sources. The production 
strains for the non-genetically modified BE (€3. stearothermophilus TRBE14) and the genetically 
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modified BE-01 and BE-02 (B. subfilis strain 168) lack toxigenic potential, have a history of safe 
use in food processing, and have been determined to be derived from a safe lineage (de Boer 
and Diderichsen, 1991; U.S. EPA, 1997; Pedersen et a/., 2002; Olempska-Beer et a/., 2006). In 
the case of the genetically-modified enzymes, BE-01 and BE-02, the PUB1 10 vector carrying 
the gene encoding the branching enzyme from B. sfearofhermophilus or Aquifex aelicus, 
respectively, is a well characterized vector that has been determined to be safe for introducing 
new genetic material in B. subfilis for the purpose of producing enzymes used in the 
manufacture of food products (IFBC, 1990; Olempska-Beer et a/., 2006). All components used 
in the manufacture of BE, BE-01, and BE-02 are food-grade quality and following their 
production, the bacteria are lysed and removed from the enzyme preparations, prior to its 
addition to the CCD reaction mixture. 

The safety of the isolated branching enzymes (BE, BE-01, and BE-02) has been evaluated in 
acute and subchronic toxicity studies, as well as in viffo mutagenicity assays. BE was not 
acutely toxic; the acute oral LDso in Sprague-Dawley rats was greater than 2,000 mg/kg body 
weight (An-Pyo Center, 1999a). In the subchronic 13-week, oral toxicity studies, repeated oral 
administration of the branching enzymes BE-01 or BE-02 at doses of up to 15 mL/kg body 
weightlday (870 mg/kg body weightlday) to rats did not result in compound-related adverse 
effects (JBS Inc., 2004, 2006). Under the conditions of these studies, a NOAEL of 870 mg/kg 
body weightlday, the highest dose tested, was determined for both BE-01 and BE-02. 
Furthermore, BE was not mutagenic in a mouse lymphoma assay conducted in L5178Y TK+’- 
cells at concentrations of up to 5,000 ug/mL (An-Pyo Center, 1999b). BE-01 and BE-02 also 
were not mutagenic in the Ames assay conducted in S. fyphimurium and E. coli or in the 
chromosomal aberration assay conducted in CHO cells at concentrations of up to 5,000 pg/plate 
(TNO, 2004a,b, 2006a,b). Based on the results of these studies, BE, BE-01, or BE-02 are not 
expected to be associated with any adverse effects. All enzymes are inactivated, denatured, 
and removed during the production of CCD. 

The weight of the scientific evidence presented herein indicates that the intended uses of Ezaki 
Glico’s CCD are safe and suitable. CCD is produced by Ezaki Glico in accordance with current 
GMP and meets appropriate food-grade specifications. CCD is composed only of a-D-glucose 
molecules and is derived from waxy corn starch, a major carbohydrate with a long history of 
human consumption. The ring moiety of the highly-branched dextrin molecules of CCD is 
structurally similar to the naturally occurring y-cyclodextrin. Following consumption, CCD is 
digested to glucose and thus shares a similar digestive fate as starch and y-cyclodextrin. The 
safety of the CCD product is confirmed and supported by a series of animal toxicity studies 
conducted on CCD and y-cyclodextrin, as well as human studies assessing the tolerability of 
CCD and y-cyclodextrin at dose levels relevant to the conditions of intended use of the CCD 
product in foods. Furthermore, the safety of the branching enzymes used in the synthesis of 
CCD is confirmed by a series of animal toxicity studies. The data and information summarized 
in this report demonstrate that the intended uses of Ezaki Glico’s CCD, meeting appropriate 
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food-grade specifications as described in the supporting dossier and manufactured in 
accordance with current GMP, would be GRAS, based on the scientific procedures. 
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CONCLUSION 

We, the Expert Panel, have, independently and collectively, critically evaluated the data and 
information summarized above and conclude that the intended uses of cyclic dextrin, highly 
branched (Cyclic Cluster Dextrin; CCD), meeting appropriate food-grade specifications 
presented in the supporting dossier [Documentation Supporting the Evaluation of Cyclic Dextrin, 
Highly Branched as Generally Recognized As Safe (GRAS) For Use In Traditional Food 
Products] and produced consistent with current good manufacturing practices (GMP), are safe 
and suitable. 

We further conclude that the intended uses of cyclic dextrin, highly branched (Cyclic Cluster 
Dextrin; CCD) meeting appropriate food-grade specifications presented in the supporting 
dossier and produced consistent with current GMP are GRAS based on scientific procedures. 

It is our opinion that other qualified experts would concur with these conclusions. 
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APPENDIX B 

METHODS OF ANALYSIS 
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1/ 1 

Analytical Methods 

1) CCD Content 

HPLC-MALLS-RI 

Column: 

Eluate: 

Flow: 

Temperature: 

Detector: 

Shodex OHpak SB806M HQ (8x 300 mm) with a precolumn 

(OHpak SB-G) 
0.1M NaN03 
1 mL/min 

40 degree C 

Multi-angle laser light scattering photometer (Wyatt Technology, 
CA, USA) and a differential refractive index detector 

Reference 

H. Takata, et al. Properties of branching enzyme from hyperthermophilic bacterium, 

Aquifex aeolicus, and its potential for production of highly-branched cyclic dextrin. J. 
Appl. Glycosci. 50, 15-20, (2003). 

Procedures 
1. Dissolve sample to the eluent (0.5 % (w/w)), and filtrate through a 0.45 micrometer 

membrane. 

2. Inject 50-80 microliter of the sample to the HPLC system 

3. Data collection and calculation is carried out by using a Software ASTRA (Wyatt 

Technology) to obtain a cumulative curve of molecular weight 
4. Calculate weight fraction of molecular weight 30,000-1,000,000 as CCD. 
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Analysis Method f o r  Sulfur Dioxide 

SamDl e name: Cluster Dextrin Lot. 09.2. 11 

<Disti I lation> 

Receiving flask 

Add 9 ml of 0.1 mol / l  sodium hydroxide solution 
I 

Sampling flask 
+ 1 m l  of 1 % sodium azide solution 
c 2 ml of ethanol 
+ 1 m l  of 5 % dimedone solution 
+ 1-2 drops of silicone resin 
+ IO m l  of 25 % phosphoric acid 
+ 10-15 ml of water 

Set the sampling flask to a distillation apparatus 

Aerate with nitrogen (5 minutes) 

Set the sampling flask to the apparatus immediately 

Heat the sampling flask with nitrogen aeration (Microburner, 10 

Remove the receiving flask 

Sample solution 

I 

I 
I 

I + 2 g of sample 

I Fi I I up to 15 ml with 0.1 mol/l sodium hydroxide solution 

mi nutes) 

/Absorptiometry> 

5 ml of the sample solution 5 ml of the sample solution 
+ 0. 1 ml of 0.3 5 hydrogen peroxide 
+ 1 ml of reaction solutionT I + 0. 1 ml of water 

+ 1 ml of reaction solution' 
Stand for 15 minutes 

lest solution B 
I 

I 
Stand for 15 minutes 

Test solution A 
I 

Measure the absorbance at 580 nm. and subtract the value of the test solution B 
from that of the test solution A. 

* Reaction solution 
Dissolve0.08gof pararosanil inehydrochloride in40ml of hydrochloric acid, anddilute 
to 200ml withwater. Dissolve 2ml of 37XformaIdehydesolutionw1thwater. anddilute 
to 350 ml. Mix these two solutions together in equal volumes, and filter through 
membrane f i Iter (0.45 ,ff m) under reduced pressure. 
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No. 10033078-Appendix 

Ana I y s  i s Method f o r  Prote i n [Kie I dah I Method] 

Sample name: Cluster Dextrin Lot. 09.2. 11 

<Determination> 

Weigh the sample (about 2 g) into a Kjeldahl digestion tube 

+ Add about 15 m l  o f  conc. H2S04 
+ Add about 5 g o f  catalyst (CuSO,:K,SO,=1:9) 
+ Add about 5 m l  o f  hydrogen peroxide solution 

Boil briskly until the solution becomes clear, and keep heating at least one hour 
with Foss Tecator Digester Lift System 

I 
coo I 

+ Add about 80 ml of water 
Distill, and titrate with Kje 

<T i tr at i on> 

tec Auto 2400 Ana yzer 

Titrate with 0.05 mol/l H2S04 standard solution ( V  m l )  
(Indicator: Bromcresol Green-Methyl red solution) 

Obtain the blank value (B m l )  for correction 

<Ca I cut at i on> 

Protein (g/lOOg)= (V-6)  xFx0.0014xKx100/S 

V: 0.05 mol/l H2S0, solution ! m l )  
6 :  Blank ( m l )  
F: Titer of 0.05 mol / l  H,SO,standard solution 
0,0014:  Amount of nitrogen (g) equivalent to 1 m l  of 0.05 mol/l H2S04 standard solution 
K: Ni trogen-to-protein conversion factor 
S: Weight o f  the sample (g) 
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Analysis Method f o r  Fat  [Acid Hydrolysis Method l  

Sample name: GI uster Dextr in Lot. 09.2. 11 

Weigh the sample (About 2-3 gf into a 50-ml beaker 

Add about 2 ml of ethanol. and stir to prevent lumping 

Add 10 ml of HCI, and mix we1 I 

Heat the beaker on a water bath for 40 minutes 

Cool, and transfer the mixture to a Mojonnier fat-extraction tube with 10 m l  of ethanol 

Add 25 m l  of diethyl ether, and stopper the tube, and shake vigorously for 30 seconds 

Add 25 m l  of petroleum ether, and stopper the tube, and shake vigorously for 30 seconds, 
and al low to stand unti I the upper I ayer becomes practical ly clear 

Decant the ether layer (the upper layer) into a separatory funnel, and wash the I ip of 
the tube with diethyl ether 

Add 40ml of mixture (diethyl ether:petroIeumether, 1 : l )  to the remaining iiquid in the 
tube, and shake we1 I, and al low to stand, and decant the ether layer into the separatory 
f iinne I 

Add 30 ml of mixture (diethyl ether:petroIeumether, I : 1 )  to the remaining liquid in the 
tube, and shake wei I, and al low to stand, and decant the ether layer into the separatory 
funne I 

Wash the ether later in the separatory funnel with H20 unti I the washings are free from 
acid 

Transfer the obtained ether-fat solution through a f i Iter paper with Na,SO, (anhydrous) 
to a Soxhlet flask that is weighed in advance (W,) 

Evaporate 

Dry the Soxhlet flask in an air oven at 105 "C for  1 hour 

I 
I 
I 
I 
I 
I 

I 

I 

I 

I 

I 

I 
I 
I 
I 

Cool in a desiccator, and weigh !W2) 

0 0 0 0 '7 1 
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<Ca I CUI at ion> 

Fat (@;/lo0 g)= 

W,: Constant weight of Soxhlet flask <g> 
W 2 :  Weight of Soxhlet flask after evaporation (g) 
S: Weight of the sample (g) 

x 100 W*-W, 
S 
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APPENDIX C 

SUMMARY OF ANALYTICAL DATA 



Summary of Analytical Data 

Specification Parameter 

Appearance 

Three (3) non-consecutive sample lots of the cyclic dextrin, highly branched ingredient 
manufactured with the use of the branching enzyme derived from non-genetically modified 
B. stearothermophilus TRBE14 (referred to as BE) (Lot Nos. 17.05.09, 18.06.01, and 18.02.08) 
were analyzed to verify that the manufacturing process produces a consistent product. 
Additionally, sample lots of the ingredient manufactured with the use of the branching enzyme 
derived from two genetically-modified 6. subtilis 168 sources, referred to as BE-01 (Lot No. 
07.1 1.14) and BE-02 (Lot No. 20.1 .I I), were analyzed to demonstrate that the product 
specifications also are met when enzymes from the genetically modified organism are used to 
perform the cyclization reaction. A summary of the physical, chemical, and microbiological 
product analyses for the 5 non-consecutive lots of cyclic dextrin, highly branched is presented in 
Table C-I . Heavy metal analyses were conducted in 3 additional non-consecutive lots of the 
ingredient, manufactured with BE, and are presented in Table C-2. The analytical data show 
conformity to the product specifications and the absence of any chemical impurities or microbial 
contamination. The product specifications and certificates of analysis are included in 
Attachment C-I and C-2, respectively. 

Specification Manufacturing Lot Numbers 
Requirement 17.05.09a 18.06.01b 18.02.08' 07.11.14e 20.1.11° 

white powder Conforms Conforms Conforms Conforms Conforms 

I Table C-I Analysis of Manufactured Lots of Cyclic Dextrin, Highly Branched- 1 

Odor 

Foreign matter 

Dextrose equivalents 

Odorless Conforms Conforms Conforms Conforms Conforms 

None Conforms Conforms Conforms Conforms Conforms 
e5 2.0 3.3 2.0 0.1 0.3 

Assay (HBCD content) 

Glucose (%) 

Saccharides 30,000 
MW (excluding glucose) 
and > 1,000,000 MW 
(excluding glucose) (%) 

Loss on drying (%I 

280 88.4 (92.5)' 83.9 (87.9) 89.7 (93.8) 96.5 (99.1) 92.5 (97.6) 

e3.5 1.1 (1.2) 1.4 (1.5) 0.7 (0.7) N D ~  N D ~  

4 4  6.0 (6.3) 10.1 (10.6) 5.2 (5.5) 0.9 (0.9) 2.3 (2.4) 

4.5 4.4 4.5 4.4 2.6 5.2 

I Residue on ignition (YO) I ~ 0 . 5  I 0.002 I 0.003 I 0.002 I 0.002 1 0 .002  1 

Standard plate count e300 e300 

Coliform count Negative Negative 
(CFUIs) 

e300 e300 e300 e300 

Negative Negative Negative Negative 

e50 e50 I 4 0  4 0  Molds (CFUIg) I e50 e50 

As203 = Arsenic oxide; CFU = Colony-forming units; HBCD = highly-branched cyclic dextrin; ND = None detected. 
a Production date: 2005105109 

I 
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Production date: 2006/06/01 
Production date: 2006/02/08 
Production date: 2007/11/14 

e Production date: 2008101111 
'Values in parentheses are expressed as the percent (%) of total carbohydrate content 

Less than 0.2% 

Specification Parameter 

Protein 

N/A = Not applicable. 

Limit of Detection Manufacturing Lot Numbers 

16.04.01 17.05.09 16.09.10 

0.1 gll00 g eo. 1 eo. 1 <o. 1 

The final ingredient also was analyzed for potential levels of protein and lipid due to residual 
enzyme and bacterial remnants, as well as for sulfur dioxide used in the production of starch 
from corn, in 3 non-consecutive lots. The analytical results are presented in Table C-3 and 
indicate that protein, lipid, and sulfur were not detected in 3 non-consecutive lots of cyclic 
dextrin, highly branched, thus demonstrating successful removal of the production enzymes and 
bacterial remnants during the filtration process and the absence of sulfur in the final ingredient. 
The certificates of analysis are provided in Attachment C-2. 

Lipid 

Sulfur dioxide 

I Table C-3 Protein, Lipid, and Sulfur Dioxide Analysis of Manufactured Lots of Cyclic I Dextrin, Highly Branched 

0.1 g/100 g eo. 1 co.1 <o. 1 

0.003 alka <o. 1 <o. 1 CO. 1 

For a typical lot of corn imported from the U.S. to Japan, pesticide screening, comprising over 
400 substances, is conducted for the Japanese Starch & Sweeteners Industry Association on 
an annual basis. The substance list is based on the list published by the Japanese Ministry of 
Health, Labour and Welfare. Results of analysis indicate that the levels of these substances in 
corn are below the limits of detection. The certificate of analysis is provided in Attachment C-2. 
Additionally, the Japanese Starch & Sweeteners Industry Association lists 69 substances as 
major chemicals used in the U.S. and also requires that testing is conducted for levels of these 

'* 

i 
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substances once a year. The list provided by the Japanese Starch & Sweeteners Industry 
Association is based on the U.S. usage status of chemicals appearing in the U.S. Department of 
Agriculture (USDA) Agricultural Chemical Usage Field Crops Summaries for the years 2000 
through 2008. Again, analytical results indicate that the levels of these substances in corn are 
below the limits of detection. The certificate of analysis is provided in Attachment C-2. 

Substance 

Aluminum phosphide 

Malathion 

The association additionally lists 8 major pesticides/herbicides that should be monitored on a 
regular basis, which include aluminum phosphide, malathion, pirimiphos-methyl, atrazine, 
acetochlor, fenitrothion, glufosinate, and glyphosate. Ezaki monitors the levels of these 8 
chemicals for every lot of corn. Analytical results for three non-consecutive lots of corn are 
summarized in Table C-4. The analysis confirmed the absence of these pesticide residues in 
the corn starting material. The certificates of analysis are provided in Attachment C-2. 

Certificate Number 

USl39278.34641107' US143337.46876' 989256.A594902506 
Negative Negative Less than 0.05 ppm 

Less than 0.1 DDm Negative Negative 

Pirimiphos-methyl 

Atrazine 

Acetochlor 

Fenitrothion 

Negative Negative Less than 0. I ppm 

Negative Negative Less than 0.1 ppm 

Negative Negative Less than 0.1 ppm 

Negative Negative Less than 0.1 ppm 

Glufonsinate 

Glyphosate 
I - I I ,  

ppm, except for malathion for which the limit of detection was 2.0 
- n 

Negative Negative Less than 0.1 ppm 

Neaative Neaative Less than 0.1 m m  

Since mycotoxins are known contaminants of corn, the waxy corn starch used in the 
manufacture of cyclic dextrin, highly branched also was analyzed for mycotoxin content 
(aflatoxin and fumonisin). FDA has established an action level of 20 ppm for aflatoxin in food 
(U.S. FDA, 2000a). The analytical results are summarized in Table C-5 and showed no 
detectable levels of aflatoxin B1 and B2 or fumonisin B, and B2 in three non-consecutive lots of 
the waxy corn starch. Certificates of analysis are provided in Attachment C-2. 

Fumonisin BI 

Fumonisin B2 

Limit of Detection 

Aflatoxin B2 

0.5 ppm Negative Negative Negative 

0.5 ppm Neaative Neaative Neaative 

c-3 



APPENDIX C 
ATTACHMENT C-I 

PRODUCT S PECl Fl CATIONS 



*1) Items for quality control of Cluster Dextrin 

Items 
Appearance 

Odor 
Foreign object 

Moisture 
Ash 

lextrose equivalent 

Content of Cluster 
Dextrin 
Glucose 

hlicro-organisms 
Coliforms 

Moulds 
Yeast 

ieavy metals(as Pb: 
ksenic(as r\s103)  

No 
1 

3 
4 
5 

6 

7 

8 
9 
10 
11 
12 
13 
14 

-I - 
Criterion 

White powder 
Odorless 
Negative 

<5.5% 
<0.05% 

(5 

> 85% 

< 3.5% 
<3oo/g  

Negative 
< 5 0 i g  
( 5 0 / g  
(?llg/g 
< h / g  

2007/2/22 
EZAKI GUCO CO..LTD. 

Modified Somogyii-Kelson 

HPLC 

Glucose-oxidase: peroxidase 

~ ~~ 

Colorimetric Analysis 
Atomic Absorption Spectrometry . -.. . . .  



APPENDIX C 
ATTACHMENT C-2 

CERTIFICATES OF ANALYSIS AND OTHER ANALYTICAL DATA 



Report of Analysis 

Coliforms 
Moulds 

Product Name : Cluster Dextrin 
Lot No. : 17.05.09 
Production Date : 2005/05/09 

Negative Negative 

<50/g 0 



Report of Analysis 

Micro-organisms 

Coliforms 

Moulds 
Yeast 

Product Name : Cluster Dextrin 
Lot No. : 18.06.01 
Production Date : 2006/06/01 

<300/g 0 

<501g 0 

4 0 / g  0 

Negative Negative 



Report of Analysis 

Product Name : Cluster Dextrin 
Lot No. : 18.02.08 
Production Date : 2006/02/08 

P" 

t 



Report of Analysis 

Product Name : Cluster Dextrin 
Lot No. : 07.11.14 
Production Date : 2007/11/14 
Branching: enzvme used for moduction: BE-01 

0 0 0 0 8 4  



Report of Analysis 

Product Name : Cluster Dextrin 
Lot No. : 20.1.11 
Production Date : 2008/01/11 



Report of Analysis 

ITEMS SPECIFICATIONS 

Heavy metaldas Pb) <4 mlg 

Arsenidas As2Od <I  mlg 

Product Name : Cluster Dextrin 
Lot No. : - 
Production year : 2004 

RESULTS DETECTION 
LIMIT 

Not detected 1 Kk 
Not detected 0.1 mlg 



Report of Analysis 

ITEMS SPECIFICATIONS RESULTS 

Heavy metaldas Pb) <4 mlg Not detected 
hsen idas  Asz03) <1 L l g k  Not detected 

Product Name : Cluster Dextrin 
Lot No. : - 
Production year : 2005 

DETECTION 
LIMIT 
1 Llgk 

0.1 Llglg 



Report of Analysis 

ITEMS 

Heavy metaldas Pb) 

Arsenidas AszOd 

Product Name : Cluster Dextrin 
Lot No. : - 
Production Year : 2006 

SPECIFICATIONS RESULTS DETECTION 
LIMIT 

<4 mk Not detected 1 mlg 

<1 mlg Not detected 0.1 lgtg 



Report of Analysis 

ITEMS RESULTS Limit of 

Product Name : Cluster Dextrin 
Lot No. : 17.05.09 
Production Date : 2005/05/09 

Method 

Protein 

Lipid 

sulfur dioxide 

co.1 g/lOOg 

<0.1 dl0Og 

Not detectable 

~ 

Lead 

detection 

0.003 g/kg 

0.05 ppm 1 Not detectable 

Kjeldahl method 

Acid degradation method 

Analytical method for food 

additive (2000) 

Sulfur dioxide (Method B) 
Atomic absorption 

spectrophotometry I 



Report of Analysis 

Product Name : Cluster Dextrin 
Lot No. : 16.09.10 
Production Date : 2004/09/10 

0.003 g/kg 

0.05 ppm 

ITEMS 

Acid degradation method 

Analytical method for food 

additive (2000) 

Sulfur dioxide (Method B) 
Atomic absorption 

spectrophotometry 

Protein 

Lipid 

sulfur dioxide 

Lead 

RESULTS 

<0.1 g/lOOg 

<0.1 g/lOOg 

Not detectable 

Not detectable 

Limit of Method 



Report of Analysis 

ITEMS RESULTS Limit of 

Product Name : Cluster Dextrin 
Lot No. : 16.04.01 
Production Date : 2004/04/01 

Method 

I detection I 
Protein 

Lipid 

sulfur dioxide 

Lead 

< O . l  g/lOOg Kjeldahl method 

CO.1 g/lOOg Acid degradation method 

Not detectable 0.003 g/kg Analytical method for food 
additive (2000) 

Sulfur dioxide (Method B) 
Not detectable 0.05 ppm Atomic absorption 

spectrophotometry - 
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OMIC USA Inc. 
e-rniil: irifori9ornfcusa.com 0 w\Yw.omieusa.com 
USDA Accredlted Lab No. 4177 
fbgi5t6red t a b  of MHLW, Japan I KFDA, Korea 

i Accredited ISO/EEC 17025:2005 

A Member of C3htllC Group of Companies 
Independent APrelyFkal Laboralary 

DATE: July 2,2009 
No. JF56200155B 

CERTIFICATE O F  ANALYSIS ~~E~~~ 

APPLICANT( ttr 234-1: Japan Starch & Sweetners Industry AssociatianlJapan Corn Grits Association 
I w *xa--a 9 %{kX%&/$Lrnt&A H &=J --;.Y!J YYt4Gl 

SAMPLE DATE RECEIVED(gfrB R 1: June 22,2009 tzo09%6B 22 0 1 

THIS IS TO CERTIFY that we, OMlC USA Inc., Portland, Oregon did carry out qncultural 
chemical residue anafysis on tha submitted sample with the above-mentioned details. 
(OMtC USA lnc. -r~~tfi.~fiMtn~ill~~7*8~~~~~r"ilr~t\~ko, 2 $G 9 Erjtf-if-5) 

The contents of the required agricultural chemical residues and components are not detected and 
found as per the attached ANALYSIS RESULTS. ~~~~~~~~~~~~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ l j ~ ~ ~ ~ ~ }  

This certificate refers to our intervention and findings at the time and place mentioned above only. 

OMlC USA Inc. 
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USDA Accrcdllcd Lao NQ 6177 
Rcgklared Lab 01 MHLW, ,Jnpen / KFOA, Koroa 

A Member 01 OMlC Group of Cvmparrios 
Independent Anolyllcat Laboralory 

DATE: August 15,2007. 
No. JF54Zoc222-24 

CERTIFICATE OF ANALYSIS (9$fZPJ+3$J 

SAMPLE DESCRIPTION ( ? ~ l / b ) :  US Maize 2006 Crop 
(4& I W ~ ~ ~ ~ ! J % & I * ~ - ~ P ~ V )  

MlTSUl B CO., LTD. (Efi4bE(lt-it$?+) 

MlNNESOTA WINNONA RIVER TERMINAL 

MARK. SACKMASTER 

SAMPLE SUBMITTED(.I)WM&~) : 

PLACE O f  SAMPLING ( s > / J ~ 4 R z r & ~ )  : 

SAMPLED BY (WYA~~W?$$)  : 

DATE OF SAMPLING (?b/7'/bjl9@ p ) : July 23,2007. (T&)11~+7aan) 

The contents of the requlrsd agricultural chemical residues and components are not deteCtQd and 
found as per the attached ANALYSIS RESULTS. ( ~ ~ ~ ~ ! ; l r t f i ~ ~ ~ ~ ~ J ~ ~ ~ i f ~ i l ~ ~ u > ~ ~ b )  

This ccrrlfkaie refers to our intenfenlion and findings at the time and place mentioned above only. :$/I. 
OMiC USA.Inc. 

4 . c .  I 
!::{I! 
t*:>i1. . I. .,. 
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Agri Services 
INTERTEK CALEB BREIT 
160 James Drive East, Suite 200 
St. Rose, LA. 70087 
Tel: +1.504.602.2100 I Fax: +I .504.467.2195 
Emaii: noaaribulkoPs@interek.con‘l 

. 

CHEMICAL RESIDUE FREE CERTIFICATE 

February 7,2007 . WREX INC. ’ 

SAMPLE DESCRIBED AS: 

IDENTIFIED AS: 

us. NON-GMO YELLOW WAXY CORN, IN BULK 

NON-QMO YELLOW WAXY CORN MN BLEST MARINE 

SUBMllTED B Y  BLUE WATER SHIPPING CO,, Metairie, LA 

MALATHION ........................... NEGATIVE 
PIRIMIPHOS-METHYL ................... NEGATIVE 
ALUMINIUM PHOSPHIDE ...... :;. . .  ’;, ....... NEGATIVE 
ATRAZINE . .’;‘, .. I .  ........ -. ............. NEGATIVE 
ACETOCHLOR. . i .......................... NEQATlVEs 

. FENITOROTHIDN .......... i . ........... NEGATIVE. . 
QLYPHOSATE .. :. ..................... NEGATIVE 
GLUFOSINATE ’; ................. :. ...... NEGATIVE 

’: c ,‘ : c I 

. .  
. L r ,;. I ( (  

. I  
. I .  . .  

“DETECTION LIMIT FOR MALATHION IS SET AT 2.0 PPM AS PER REQUEST” 
“DETECTION LIMIT FOR THE OTHER CHEMICALS IS SET AT 1 .O PPM AS PER REQUEST” 

Above results are based upon sample submitted to INTERTEK AGRl SERVICES New Orleans 
Laboratory, for analysis. Any sample identiflcatlon Is reported as submitted and is not verified by 
INTERTEK AQRl SERVICES New Orleans Laboratory as a representative sample. Sample will be 
retained for a period of 45 days, 

CerUflcate No. US/39278.34641/07 

INTERTEK AGRl SERVICES 

Boyce Butler 
Director Agri Laboratories USA 
New Orleans, Louisiana 
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INTERTEK CALEB BRETT - 
160 James Orive East, Sulto 200 
St, Rose, LA. M O B 7  
Tel: +1,504.602.2100 1 Fax: +I .504.467.2195 
Emall; noaarlbulko@ @intertek.com 

$XMVlliCAL RFSID UE, FREE CERTI FlCATE 

AGREX INC. March 31,2008 

SAMPLE DESCRIBED AS: 

IDENTIFIED AS: 

US. NON-GMO YELLOW CORN, IN BULK 

NON-GMO YELLOW CORN M N  SVETl NIKOLA 1 

SUBMITIED BY: BLUE WATER SHIPPING CO., Metairie, LA 

MALATHION ........................... NEGATIVE 

ALUMINIUM PHOSPHIDE ................. NEGATIVE 
ATAAZINE ............................. NEGATIVE 
ACETOCHLOR ......................... NEGATIVE 
FENITOROTHION ....................... NEGATIVE 
GLYPHOSATE.. ........................ NEGATIVE 
GLUFOSINATE ......................... NEGATIVE 

PIRIMIPHOS-METHYL ................... NEGATIVE 

"DETECTION LIMIT FOR MALATHION IS SET AT 2.0 PPM AS PER REQUEST" 
"DETECTION LIMIT FOR THE OTHER CHEMICALS IS SET AT 1 ,O PPM AS PER REQUEST" 

Above results are based upon sample submitted to INTERTEK AGRl SERVICES New Orleans 
Laboratory, for analysis. Any sample identification is reported as submitted and is not verified by 
INTERTEK AGRl SERVICES New Orleans Laboratory as a representative sample. Sample will be 
retained for a period of 45 days. 

Certificate No, U5/43337.46876 

INTERTEK AGRl SERVICES 

Boyce Butler 
Director Agrl Laboratories USA 
New Orleans, Louisiana 
/km 
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SGS N&I America Inc. 

September 14,2009 

AGREX, INC. 

151 James Drive West, St. Rose. Louisiana 70087 

. 

CHEMICAL RESIDUE FREE CERTIFICATE 

SAMPLE DESCRIBED AS: U.S. NLN-GMO YELLOW CORN, IN BUL 

IDENTIFIED AS: 

SUBMITTED BY: 

NON-GMO YELLOW CORN MN ASIAN GLORY 

BLUE WATER SHIPPING CO., Metairie, LA 

ACETOCHLOR ................................. LESS THAN 0.05 PPM DETECTED . MALATHION .................................... LESS THAN 0.1 PPM DETECTED . 
PIRIMIPHOS-METHYL ... ;...................LESS THAN 0.1 PPM DETECTED 
ALUMlN1U.M PHOSPHIDE .................. LESS THAN 0.1 PPM DETECTED 
ATRAZINE ....................................... LESS THAN 0.1 PPM DETECTED. 
FENITOROTHION .............................. LESS THAN 0.1 PPM DETECTED 
GLYPHOSATE ................................. CESSTHAN,O.l PPM D'ETECTED 
GLUFOSINATE ................................. LESS THAN 0.1 PPM DETECTED 

Above results are based upon sample submitted to SGS AGRICULTURAL SERVICES New Orleans 
Laboratory,-for analysis. Any sample identification is reported as submitted and Is not verified by SGS 
AGRICULTURAL SERVICES New Orleans Laboratory as a representative sample. Sample will be 
retained for a period of 90 days. 

Certificate No. 989256.A594902506 

Karin Madere ' 

' SGS North America,' Inc. 
Agricultural Services 
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Report of Analysis 

Product Name : Waxy Corn Starch 
Lot No. : 050111 
Date : 2005/04/27 

*' 



" 

Report of Analysis 

Product Name : Waxv Starch Y 
Lot No. : 090118 
Date : 2009/03/06 



t 

Yeasts 

Thermostable spore-forming 

micro-organisms 

Staphylococcus aureus 

Salmonella 

Bacillus cereus 

Report of Analysis 

Negative 

<300/g 

Negative/O.O l g  

Negative/25g 

Negative/O.Olg 

Product Name : W m  Starch Y 
Lot No. : 100203 
Date : 2010/02/23 
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APPENDIX D 

SUMMARY OF THE ANALYTICAL DATA ON THE VISCOSITY AND STABILITY OF 
CYCLIC DEXTRIN, HIGHLY BRANCHED 



APPENDIX D-I 
ANALYTICAL DATA ON THE VISCOSITY OF CYCLIC DEXTRIN, HIGHLY 

BRANCHED 

Ezaki Glico Co., Ltd. 
Aoril 15. 2010 
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Viscosity of CCD 

1 1 Viscosity was measured a t  23 degree C of temperature and 200 11s of shear rate by using 

a rotational viscometer. 
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APPENDIX D-2 
ANALYTICAL DATA ON THE BULK STABILITY OF CYCLIC DEXTRIN, HIGHLY 

BRANCHED 

Ezaki Glico Co., Ltd. 
Anril 15 71310 



Storage Term (months) 

I 0 I 91.7 I 94.3 I 87.7 I 94 0--- -1 

HBCD Content (% of total carbohydrate) 

Lot 1 Lot 2 Lot 3 Lot 4 
(No. 18.5.31) (No. 17.5.10) (No. 16.4.29) (No. 14.10.16) 

25 

36 

I 

93.3 

94.3 

47 I 
77 

I 
93.3 

I 9 0 . 4 7  I 

Ezaki Glico Co., Ltd. 
April 15,2010 



Data of Stability of CCD 

2008106109 

Ezaki Glico Co., Ltd. 

Biochem. Res. Lab. 

of- 
The contents were determined by HPLC-MALLS-RI method before and after storage at room 

temperature. 

Lot 

14.10.16 

Before storage After storage 

CCD content (%) Date of analysis CCD content (%) Date of analysis 

94.0 20021 1115 92.7 200816/5 

I 16.4.29 I 87.7 I 200415/17 I 90.4 I 2008/6/5 1 
17.5.10 

18.5.31 

94.3 2005/6/23 94.3 20081615 

91.7 2006/7/14 93.3 2008/6/5 



0 0 0 1 2 8  
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SENT VIA EMAIL 

January 31, 2011 

Shayla West-Barnette, Ph.D. 
Division of Biotechnology and GRAS Notice Review 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Parkway 
College Park, MD 20740-3835 

Re: Withdrawal of Generally Recognized As Safe (GRAS) Exemption Notices for Alpha-D-
Glucan Branching Enzyme Preparation and Cyclic Dextrin, Highly Branched 

Dear Dr. West-Barnette: 

This letter is to inform you that we would like to withdraw our GRAS Exemption Notices for 1,4- 
alpha-D-Glucan Branching Enzyme Preparation (GRN 361) and Cyclic Dextrin, Highly Branched 
(GRN 358), which were submitted to your office on October 8, 2010. This will allow us more time 
to adequately address the questions raised by the Agency regarding the aforementioned Notices. 

Thank you for your kind attention to this matter. Please contact me should you have any questions 
regarding the withdrawal of these Notices. 

Sincerely,  

Takashi Kuriki 
Chief Scientific Officer
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