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September 4,2008 

Robert Martin, Ph.D. 
Deputy Director, Division of Biotechnology and GRAS Notice Review 
Office of Food Additive Safety, CFSAN 
U S .  Food and Drug Administration 
4300 River Road, HFS-255 
College Park, MD 20740-3835 
301 -436-12 19 

RE: Notification of G U S  determination for Sucromalt 

Dear Dr. Martin, 

Per your request, enclosed for OFAS review are three non-confidential copies of 
Cargill’s GRAS Notification for the low-glycemic sweetener, sucromalt. These copies are 
meant to replace the three copies of this Notification that were delivered yesterday, all 
which had the word “CONFIDENTIAL” typed at the top and bottom of each page. 

It is Cargill’s understanding that you will compare this non-confidential version of the 
Notification to the redacted version that was included in yesterday’s delivery and, if you 
agree that our redactions meet the requirements set forth under 21 CFR 5 20.61 ,’ you will 
redact the same text in one of the enclosed non-confidential copies; and it is that OFAS- 

’ Cargill’sjustification for claiming the redacted text confidential were outlined m a  letter authored by Mr 
Greg Thompson of Cargill’s Law Department, which was included in the package delivered to OFAS on 
Thursday, September 4,2008 
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redacted copy, which will be sent to the Freedom of Information (FOI) office to fulfill 
any future FOI requests associated with sucromalt. 

Please let me know, if you have any questions 

Sincerely, 

Phillip L. Casterton, M.S., D.A.B.T. 
Cargill, Incorporated 
Manager, Regulatory and Scientific Affairs 
Food Ingredients & Systems North Amenca 
15407 McGinty Road West, MS-163 
Wayzata MN 55391 

Enclosures 
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GRAS EXPERT PANEL EVALUAlION OF SUCROhWT 

The undersigned, an independent panel of recognmd experts (the “Expert Panel”) qualified by 

scientific training and relevant national/internation;ll experience to evaluate the safety of food 

Ingredients, was commissioned by Cargill, Incorporated, to determine whether the proposed use 

of sucromalt in vanous foods with no limitations other than current Good Manufacturing 

Practices (cGMP) would entail a reasonable certainty of no harm and could be considered 

Generally Recognized as Safe (GRAS) through scientific procedures. Sucromalt contains 3545% 

fructose, 7-15% leucrose, 4% other mono- and disaccharides and 40-60% higher 

ol~gosaccharides It is derived from the reaction of nine parts sucrose and one part maltose 

catalyzed by alternansucrase, a food-processing enzyme derived from Leuconostoc cifreunt, or a 

recombinant strain of Bacillis Iichenifornris, both organisms which have well established safe 

strain lineages. The Expert Panel, individually and collectively, critically evaluated a compilation 

of published and unpublished sucromalt documentation supportive of a GRAS determination, as 

well as other documentation deemed applicable. The members of the Expert Panel conferred by 

telephone on several occasions and unanimously concluded that the intended uses of sucromalt, 

meeting appropnate food grade specification and manufactured and used consistent with cGMP 

are safe and suitable and Generally Recognized As Safe (GRAS) based on scientific procedures. 

The basis for these conclusions includes the safe strain lineage of organisms involved in enzynic 

production, negative Ames assay, 28-day ral study with NOAELs of 19,800 myikglday (females) 

and 18,560 mgkglday (males), uncomplicated human digestion via well-established metabolic 

pathways without adverse effects. current safe consumption of constituents, and intake estimates 
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GRAS NOTIFICATION 

I. Claim of GRAS Status 

A. Claim of Exemption from the Requirement for Premarket Approval Requirements 
Pursuant to Proposed 21 CFR 5 170.36(c)(I) 

Sucromalt, for use as a nutritive carbohydrate, has been determined to be Generally Recognized 
As Safe, and therefore, exempt from the requirement of premarket approval, under the conditions 
of its intended use as described below. The basis for this finding is described in the following 
sections. 

Signed, 

Phillip L. Casterton, M.S., D.A.B.T. 
Cargill, Incorporated 
Manager, Regulatory and Scientific Affairs 
Food Ingredients & Systems North America 
15407 McGinty Road West, MS-163 
Wayzata MN 55391 

CargiU, Incorporated 
May 16. ZCQS 
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B. 

Phillip L. Casterton, M.S., D.A.B.T. 

Manager, Regulatory and Scientific Affairs 
Food Ingredients & Systems North America 
15407 McGinty Road West, MS-I63 
WayzataMN 55391 

Phone: 952-742-4491 

Email: Phillip-casterton@cargill.com 

C. Common or usual name of the notified substance: 

The common name o f  the substance of this notification is sucromalt 

Name and Address of Notifier: 

cargill, Incorporated 

Fa: 952-742-7573 

I 

~ 

D. Conditions of use: 

Sucromalt is intended for use as a nutritive carbohydrate in baked goods, non-alcoholic 
beverages, alcoholic beverages, breakfast cereals, chewing gum, condiments and relishes, 
confectionary and frostings, frozen dairy, h i t  ices, gelatins and puddings, hard candy, dairy 
products, non-dairy analogs, jams and jellies, milk, milk products. processed fruits and fruit 
juices, snack foods, soft candy, sweet sauce, and salad dressings at use levels of 1.5 to 85%. The 
resulting consumption of sucromalt from the use in these food categories is determined by the 
2003-2004 Continuing Survey of Food Intake by Individuals (CSFII, 2006). Based on these 
determinations, the intended use of sucromalt in the above mentioned food categories resulted in 
an estimated mean per capifa daily intake of 890 mg/kg/day and ‘‘users only” mean and 90Ih 
percentile estimates of 1090 mgkg body weighUday and 2540 mg/kg body weighvday, 
respectively. 

E. Basis for GRAS Determination: 

In accordance with 21 CFR $ 170.30, the intended use of sucromalt has been determined to be 
generally recognized as safe (GRAS) based on scientific procedures. A comprehensive search of 
the scientific literature was also utilized for this review. 

F. Availability of Information: 

The data and information that forms the basis for this GRAS determination will be provided to 

Food and Drug Administration upon request and are located at the office of: 



Phillip L. Casterton, M.S., D.A.B.T. 

Cargill, Incorporated 

Manager, Regulatory and Scientific Affairs 

Food Ingredients & Systems North America 

15407 McGinty Road West, MS-163 

Wayzata IvlN 55391 

Phone: 952-742-4491 

Fax: 952-142-7513 

Email: phillip_casterton@cargill.com 

11. 

A. Chemical name 

A mixture of carbohydrate produced from sucrose and maltose following enzymatic reaction. 

Detailed Information About the Identity of the Notified Substance: 

B. Trade Name: 

The subject of this notification will be marketed as sucromalt 

C. Chemical Abstract Registry Number: 

To the best of our knowledge, no Chemical Abstract Service Registry Number has been 
established for sucromalt. 

D. Chemical Formula: 

Not applicable (a mixture of carbohydrates) 

E. Structure: 

Not applicable (mixture) 

F. Molecular Weight 

Not applicable (mixture) 

G. Physical Characteristics 

Sucromalt is produced as a Clear to light yellow liquid with some cloud. 

W. Typieal Composition and Specifications 

Cargill Incorporated 
May 16,2008 
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Typical compositional analysis and specifications of sucromalt are presented in the following 
Tables. 

Typical composional analysis and specifications of sucromalt’ 
Parameter Spechication Assay method 

Carbohvdrate orofile 
Fructose (%dry) 
Leucrose (%dry) 
DPP (%dry) 
Higher saccharides and 
polymer (%dry) 

Brix (%h) 
Moisture (96) 
PH 
Sulfur dioxide (ppm) 
Heavy metals (As, Cd, Hg, 
Pb) @pm) 

Appearance 

35-45 Cargill method LS-030-1 
7-15 Cargill method W-030-1 
B Cargill method LS-030-1 

Cargill method LS-030-1 >40 

ChemicaUphysical properties 
S O  Carg~Il method DS LS-002-1 
9 0  Calculahon 

3.5 - 6 0 

4 

Clear to light yellow 
liauid with some cloud 

Cargill method LS-006.1 
S max Cargill method Ls-012-1 

National food lab methods 
hfNS012/MNS013 

Sensory Characteristics 

Taste Sweet, bland Cargill method QAHM-SOP-GL0027 
Odor Characteristic Cargill method QAHM-SOP-GLOO27 

Microbiological assays** 
Total plate counl -= 5oM) cfulg CRA*** SMM IV-A 
Yeast < loo cwg CRA SMM 111-A 
Mold -= IOU cfdg CRA SMM III-A 

* = DP2 signifies saccharides with two degrees ofpolymenzahon; ** = Microbiological &says are 
done less frequently that are assays for carbohydrate profile, chemical(physica1 properties and 
sensory characteristics; *** = Corn Refiners Association; cfu = colony forming units 

I. Method of Manufacture 

Manufacturing of sucromalt is accomplished by the addition of alternansucrase, a food- 

producing enzymc derived from production organisms with safe strain lineages, to a mixture of 

Note on the “CRA” methods under “Microbiological assays”: The Corn Refiners Association is the national trade 
associanon for the U.S. corn refining (wet milling) industry. Members of that industry KOUMely use several methods 
developed and endorsed by CRA’s technical committee. Cargill is  currently developing data expected to validate 
that CRA-method results are similar to results obtained when using FDA’s BAM (Bacteriological Analytical 
Manual) and/or methods recommended by AOAC (Association of Analytical Chemists). At the present time; 
however, CRA methods are used for the analysis of sucromalt for totaI plate count, yeast and mold. Cargill does not 
routinely run pathogen testing on sucromalt because its osmotic pressure,perceni dissolved solids and low water 
content do not support pathogen growth,,conditions that are similar to othet commercially available corn syrups that 
are commonly consumed b y  humans every day. (Citations associated with pathogen testing are found in Footnote 20 
of the attached GRAS dossier.) However. if specifically requested by a customer to run pathogen analysis, that 
testing win he completed. 

I 

Cargill, incorporated 
May 16.2008 
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approximately 8-11 parts food-grade sucrose and one part food grade maltose (or high-maltose 

corn syrup). The reaction-product sugars are both present as 40-50% aqueous mixtures prior to 

the addition of enzyme at 1-6 U per gram of combined sugar weight. The reaction is carried out 

at 37 to 4 7 T  with mild mixing for several hours with pH maintained at 5.0-5.8 by acid or base 

addition. The aqueous sugarlenzyme mixture is sampled regularly to evaluate reaction progress 

and is considered finished when the amount of carbohydrate with two degrees of polymerization 

(Le., DP2) i s  less than 3% of the total carbohydrates, measured typically by high performance 

liquid chromatography. At that point, the sucromalt syrup is tested against the standard product 

specifications shown above. The syrup can be purified with decolorizing resin or activated 

carbon, or passed through cation and anion exchange resins to remove any protein, color, and 

ions. Combinations of these resins can be used based upon the ion load of the syrup. The purified 

syrup is evaporated under vacuum to obtain 75 to 80% dry solids. All processing aids are food- 

grade and are similar to those used in typical corn syrup production. A general schematic of 

sucromalt production is summarized in the following figure. 

Sucromalt Process Flow 

Overview of the sucromalt producfion process 

Altemansucrase is sourced from one of two organisms, (1) a Cargilldeveloped strain of 

Leuconostoc citreum, and (2)  a recombinant, i.e., genetically modified, strain of Bacillis 

Zicheni$ormis developed by Novozymes, Inc. The production strain used to generate the Cargill- 

derived alternansucrase preparation was modified by classical bacterial mutagenesis techniques 

CqiU, incorporated 
May 16.2CQ8 
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and did not employ methods involving recombinant DNA. Altemansucrase denved from B. 

Iichenifonnis has been determined as G U S  by scientific procedures. 

The processing steps, the facility, and the controls used in the manufacturing of sucromalt 

conform to cGMP for human food in accordance with the applicable parts of 21 CFR, Part 1 IO. 
Although the manufacturing process described above is thought to effectively eliminate 

alternansucrase from sucromalt, its absence has not been shown definitively. However, several 

items of evidence suggest that if alternansucrase were present in sucromalt, it would be at 

extremely low levels, if present at all. First, based on conservative estimates, the maximum 

residual protein in sucromalt that could be derived from alternansucrase is 6 ppm. Also, when 

finished sucromalt is combined with the sucrose-maltose reaction mixture under conditions of 

manufacturing, no additional sucromalt is produced; leading to the conclusion that active 

altemansucrase is absent from finished sucromalt. Additionally, the results of polymerase chain 

reaction (PCR) testing showed that the promoter gene sequence responsible for the production of 

alternansucrase was not present when B lichenformis-derived altemansucrase was analyzed by 

PCR. 

J. Intended Technical Effects 

Sucromalt is intended for addition to a limited number of conventional foods as a low glycemic 

nutritive carbohydrate. It has a glycemic index that is approximately 65% that of high fructose 

cam syrup, likely due to slowly digestible a-(l,6)- and a-( 1,3)-linked glucooligosaccharides. 

Sucromalt is intended for the general population at the levels identified in this document for 

baked goods, non-alcoholic beverages, alcoholic beverages, breakfast cereals, chewing gum, 

condiments and relishes, confectionary and frostings, frozen dairy, fruit ices, gelatins and 

puddings, hard candy, dairy products, nondairy analogs, jams and jellies, milk, milk products, 

processed fruits and fruit juices, snack foods, soft candy, sweet sauce, salad dressings. We 

recognize that there are Standard of Identity requirements for some of these proposed foods and 

do not intend to refer to them by the commonly recognized names such as milk, chocolate or 

yogurt. 

111. Summary of the Basis for the Notitier's Determination that Sucromalt is CRAS 

Cargill, Inwrpomed. 
May 16,2008 
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An independent pane! of recognized experts (the “Expert Panel”) qualified by scientific traitung and 

relevant nationaVintemational experience to evaluate the safety of food ingredients, was commissioned by 

CargiU, Incorporated to detemne whether the proposed use of sucromalt in various foods wth no 

limitations other than current Good Manufacturing Practices (cGMP) would entail a reasonable certainty 

of no harm and could be considered Generally Recognized as Safe (GRAS) through scientific procedures. 

Sucromalt contains 3545% fructose, 7-15% leucrose, 4% other mono- and disaccharides and >40% 

higher oligosaccharides. It is dmved from the reaction of tune palts sucrose and one part maltose 

catalyzed by altemansucrase, a food-processing enzyme derived from Leiicono.mc citreimi, or a 

recombinant strain of Bacil1i.s liclieniforniis, both organisms which have well established safe strain 

lineages. The Expert Panel, individually and collectively, critically evaluated a compilation of published 

and unpublished sucromalt documentation supportive of a GRAS determination, as well as other 

documentation deemed applicable. The members of the Expert Panel conferred by telephone on several 

occasions and unanimously concluded that the intended uses of sucromalt, meeting appropriate food 

grade specification and manufactured and used consistent with cGMP are safe and suitable and Generally 

Recognized As Safe (GRAS) based on scientific procedures. The basis for these conclusions includes the 

safe strain lineage of organisms involved in enzyme production, negative Ames assay, 28day rat study 

with NOAELs of 19,800 mglkglday (females) and 18,560 mglkdday (males), uncomplicated human 

digestion via well-established metabolic pathways without adverse effects, current safe cansumption of 

constituents, and intake estimates much lower that current carbohydrate consumption 

1V. Basis for a Conclusion that Sucromalt is GRAS for its Intended Use. 

The attached GRAS dossier served as the basis for the Expert Panel’s collective opinion that 
sucromalt is GRAS for its intended uses. Expert Panelist signatures are included on pages 67 and 
68. 

Cargill, Incorporated 
May 16.2008 
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EVALUATION OF TBE GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS 

OF 

SUCROMALT 

April 30,2008 
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EXECUTlvE SUMMARY 

Cargill, Incorporated (hereafter, CargiU) convened the undersigned independent panel of experts 

(herder ,  the Expert Panel),'qualified by their scientific training and relevant national and 

international experience to evaluate the safety of food ingredients, to determine the safety and 

Generally Recognized as Safe (GRAS) status, based on scientific procedures, of the proposed 

use of the sweetener, sucromalt. Sucromalt was previously self-affirmed as GRAS by scientific 

procedures in 2004 and 2005 for use in various food products at levels providing a daily intake 

of 4 0  gadday, a level later amended to have no limitations other than cGMP (Cantox, 

2004/2005). This dossier revises those earlier dossiers by including information on, (1) the 

enzyme used to manufacture sucromalt, (2) the organisms that produce that enzyme, (3) 

estimated human consumption, and (4) the historical safety literature on leucrose. Descriptions of 

additional human clinical studies are also included. 

Sucromalt is a product of the altemansucrase-catalyzed reaction between eight to eleven parts 

sucrose and one part maltose; and is intended for use as a low glycemic carbohydrate in various 
fd products. The raw materials used in the production of sucromalt are suitable for food 

manufaduring and are considered safe, either as such or as components of products obtained 
from starch by enzyme-catalyzed or acid-catalyzed hydrolysis. Sucromalt contains 35-45% 

hctose, 7-15% leucrose, 4% other mono- and disaccharides, and 40-60% higher 

oligosaccharides. Sucromalt has a glycemic index that is approximately 65% that of high 

fructose corn syrup, l iely due to slowly digestible a-(1,3)- atid a-(I ,6)-liskal 

glucooligosaccharides. 

A comprehensive literature review was conducted by Cargill through September 2007 for safety 

and toxicity information on sucromalt as well as its reaction products and constituents, and is 

summarized in this dossier. The supporting documentation and this dossier were made available 

to the Expert Panel, who also evaluated other materials deemed appropriate. The support for the 

' Modeled aAer Section 201(0) of the Federal Fwd, D I U ~  and Cosmetic Act, as amended. Curriculum vifae 
docummting thesxpeftise o f  the Expert Panelists are attached. 
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safety of sucromalt was established by several factors, including historical dietary intake of its 

reaction products and its constituents, their digestion by normal metabolic pathways, the current 

GRAS status of sucrose, maltose and fructose, a negative Ames assay, a negative 28-day 

repeated dose tat toxicity study that resulted in no-observed-adverse-effect-levels (NOAEL) of 

18,560 mgkglday in males and 19,800 mgkg'day in females and several human clinical studies 

suggesting uncomplicated sucromalt metabolism without adverse effects. Following independent 

and collective critical evaluations, the Expert Panel unanimously agreed to the decision 

described herein. 

1.0 INTRODUCTION 

Published data supporting the safety of sucromalt were obtained from online sources and through 

literature searches conducted by Cargill a! various times through September 2007 in medical, 

chemical, and toxicological databases such as Medline, RTECS" (Registry of Toxic Effects of 

Chemical Substances), Toxline, and ChemIDplus Advanced, Cargill provided unpublished data. 

Cargill has developed sucromalt, a product that arises from reactions between sucrose' and 

maltose3 utilizing altemansucrase, a glucosyltransferase enzyme4 extract from (1) a strain of 

Leuconostoc ciheum, or (2) a recombinant strain of Bacillis lichenifomis developed by 

Novozymes, Inc. T h i s  reaction results in a product containing fructose and leucrose, as well as 

glucooligosaccharides containing a-(I ,3), a-(1,4), and a-(l,6) glycosidic linkages with a degree 

of polymerization of (DP) up to 42.' Sucromalt contains 35-45 % fructose, 7-15% leucrose, 

9% other mono- and disaccharides (i.e., primarily other isomers of sucrose such as 

a ~uoro~e wntcnt m this reaction product: >95%. 
This reaction product Wiu typically be a lugh purity maltose source ( r  e., >93%), with glucose, maltohiose and 

higher oligosaochatides compleling &e substance (Pmd communication with Dr. Anton Woo, Setuor Research 
Scientist, b@HdihandNuhitian, 13NowxnbcrZ007.) ' In g d ,  glucosyltrmsfeme mymes Wnsfer g1wx.e uniu from sucrase to acceptors such as maltose, 
malrohiose (n aisaccharide composedufthrce gInwse units ~ChemIDplus Advanced, 2007b)). and higher 
oligosnocha'ida in wrasslup, and nlcasc hctose into the reaction medium (Cote and Leathers, 2005). 
Them olig~~8cahadd6s consist ofan iniiialmalfm UnaIinked to glucose with subsequent l i g c s  being 

exclusively glucose-to-gluwse. The initial maltose to glucose pairing OQCUIS via an a-(l,4) glycosidic linkage; all 
subseqwntgluco~:glwse glywaidic l i g a  LM in the u<l,3) and/or a-(L 6) wnfiguratiom, (Personal 
wmmunication@th Dr, Anton WOO, SdorRcsearch Scieotirit, Catgill Health andNutrition, 11 January 2008.) 

Cargill. Incorporated 
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isomaltulose,6 unreacted sucrose and maltose, and glucose) and 40-60% higher 

oligosaccharides? Sucromalt has a glycemic index (GI) of approximately 53 (compared to 

glucose at 100) (GIL, ZOOS), which is 65% of the GI of high fructose corn syrup. 

In this dossier, Cargill will establish that the proposed uses of sucromalt as a carbohydrate in 

various foods and beverages are safe and GRAS based on scientific procedures under 21 CFR 5 
170.30@) with no use limitation other than current Good Manufacturing Practices (cGMP). This 
dossier is a compilation of published and unpublished data intended to support the determination 

by qualified experts that the proposed uses of sucromalt are safe and G U S .  There is multi- 

faceted support for the safety of sucromalt, including, (1) the well established dietary safety of its 

reaction products (sucrose and maltose) and its constituents (fructose, leucrose, and 

saccharidedoligosacchatides), (2) their long-time safe presence in the human diet, (3) their 

digestion by normal metabolic pathways, (4) the current GRAS status of sucrose (21 CFR 

§184.1854),maltose(incomsyrup, 21 CFR 5 184.1865)andfructose(inhighfruc~secorn 

syup, 21 CFR 5 184.1 866) with no limitations other than cGMF', (5) a negative Ames assay, (6) 

a negative 28day repeated-dose rat toxicity study that resulted in no-observed-adverseeffect- 

levels (NOAEL) of 18,560 mgkdday in males and 19,800 m a d d a y  in females; (7) clinical 
studies suggesting uncomplicated metabolism without reported adverse effects, and (8) human 
clinical investigations that showed no signs of malabsorption and no adverse effects. 

2.0 BACKGROUND 

2.1 History of use 

Sucromalt is a proprietary carbohydrate substance developed in recent years exclusively by 

Cargill, Inc. A s  such, it has no long history of use. 

2.2 Functionality in food 

Summalt is intsnded to fimction as a nutritive carbohydrate in food. 

6-o-orphn-D-glucop~osyl-D-fructose (ChemIDplus Advanced, 2007g), a disaccharide composed of glucose 
flndhctoac. ' dl saccharides are expressed aspercentages on a dry weight basis Fable 9). 

Cargill, Incoporated 
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2.3 Regulatory status 

Sucromalt was previously self-amrmed as GRAS by scientific procedures in 2004 and 2005 for 

use in various food products at levels providing a daily intake of 4 0  &day, anintake that was 

later mended, again by scientific procedures, to have no limitations other than cGMP (Cantox, 

2004Y2005). This dossier revises those earlier dossiers by including information on, (1) the 

enzyme used to manufacture sucromalt, (2) the organisms that produce that enzyme, (3) 
estimated human consumption, and (4) the historical safety literature on leucrose. Descriptions of 

additional human clinical studies are also included. 

Additionally, Novozymes recently determined that the altemansucrase derived from their 

Bacillis lichenifomis by recombinant DNA techniques is GRAS as defined under 21 CFR 5 
170.30 (a) for use as a processing aid in the starch industry for the production of carbohydrates 

for use in food and beverages o\lovozymes, 2007). This determination included an attestation to 

the safe strain lineage of the source B. lichenifomis orgadism. 

2.4 Intended use 

cargill’s customers will use sucromalt as an alternative to other nutritive carbohydrates such as 

sucrose, corn syrup, high-fructose corn syrup, brown rice syrup, malt syrup, etc. in the foods and 

food categories identified in Appendix 2. 

3.0 CARBOHYDRATES 

3.1 Dietary carbohydrates 

Carbohydrates can be divided into various categories based on the number of saccharide 

monomers. Monosaccharides such as glucose and fructose consist of a single saccharide unit. 

Disaccharides such as sucrose, maltose, and leucrose consist of two saccharides joined by a 

glycosidic linkage. Roberfmid and Slavin (2000) define oligosaccharides as substances 

containing 2 to 20 monosaccharides; however, common practice is to define these substances as 

containing 3-20 saccharide units. 

The structures of the sucromalt reaction products ( ie . ,  sucrose and maltose) and its constituent 

saccharides ( ie . ,  glucose, fructose, and leumse) are shown in Figure 1 and their chemical names 
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in Table 1. Sucrose and maltose are both disaccharides, sucrose being composed of glucose and 

fructose via an a-(1,2)-glycosidic linkage, whereas maltose is composed of two glucose 

molecules attached via an a-(1,4)-glycosidic linkage. The use of altemansucme in the 

sucrosdmaltose reaction effectively drives three key occurrences, (1) breaks the a-(1,2)- 

glycosidic linkage of sucrose to release fructose, (2) transfers glucose units sequentially by a- 
(1,3) and m(1,6) glycosidic linkages onto maltose, and (3) forms leucrose, which is joined by a- 
1,5)-glycosidic linkages. The fundamental structure of the oligosaccharides in sucromalt is 

maltose being linked with up to 12 or more units of glucose. When consumed, di- and 

oligosaccharides are typically hydrolyzed into their constituent monosaccharides, making them 

available for diffusion across the gut epithelium into the circulation where they undergo 

biotransformation processes that ultimately result in the generation of metabolic energy (Shyer, 

1988). 

(The remainder of this page is intentionally blank.) 
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Figure 1. Molecular structures of mono- and disaccharides associated with sucromalt 
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Table i. Common and synonyms associated with saccharides associated with Eucromalt 

Common CAS Synonym Reference 

‘Glucose 50-99-7 ulphu-DGlueopyranose ChedRplus Advanced (2007a) 
Sucrose 57-50-1 ( u ~ ~ u - D G l u c o s i d o ~ 6 ~ u - D - ~ c ~ ~ o s i d c  ChemIDplw Advanced (200%) 
Maltose 69-79-4 4-O-o~hu-D-Gtu~pysyl-D-glucose CaCdRplus A d d  (2007~) 
Fructose 57-48-1 Levulose ChemIDphu Advanced (2007d) 
Leucrose 7158-70-5 DGlucopyranosyl-o~~o-(l-S)-D-fructopyra ChemIDplus A d v d  (2007~) 

CAS =Chemical Abstract*, Senice 

name Number 

3.1.1 Carbohydrate requirements and intakes 

Table 2 summarizes the Dietary Reference Intake (DIU) values for carbohydrates established by 

the National Academy of Sciences’ Institute of Medicine (IOM, 2005). A Recommended Dietary 

Allowance (RDA) of 130 gmms of carbohydrates per day, based on the average minimum 

amount of glucose utilized by the brain, was established for adults and children over one year 

old, and were equally applicable to males and females. Higher RDA values were established for 

pregnancy (175 g/day) and lactation (210 dday). I O M  (2005) further noted that these intake 

levels are typically exceeded to meet the energy needs while consuming acceptable intake levels 

for fat and protein. The median intake of carbohydrates is reported to be approximately 200 to 

330 g/day for men and 180 and 230 gday for women. No recommendations based on glycemic 

index were m a d e w M  due to a lack of sufficient evidence regarding its role in the prevention 

of chronic diseases in generally healthy individuals. For children ages 0-6 months, an Adequate 

Intake (AI) of 60 @day was established based on the average carbohydrate Content in mother’s 

milk; for children 7-12 months old, a higher AI of 95 @day was established based on the 

average intake of mother’s milk and complementary foods (IOM, 2005). 

IOM found insufficient evidence for establishing a Tolerable Upper Intake Level (UL) for an 

association between over consumption of sugars such as sucrose and fructose, and adverse 

effects such as dental caries, hyperactivity, cancer, risk of obesity, and risk of hyperlipidemia. 

However, IOM (2005) recommended a maximal intake level of 25% or less of energy from 

added sugars based on scientific literature suggesting that increased intake of sugars might result 

in decreased micronutrient intake, The relationship between dietary carbohydrate AI’S and 

RDA’s and the estimated daily intake of sucromalt is dwdbed in Section 6 @age 31). 
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Table 2. Criteria and dletary reference intake values for carbohydrates by l i e  stage group @OM, ZOOS) 

Life stage group I Criterion 

0 through 6 mo 

7 through 12 mo 

Average conlent of human milk 
Aversge intake bin human milk 
plus complementary foods 

EAR (gm/day) RDA (gndday) AI 
Male Female W e  Female (gmlday) 

60 
95 I 

1 through 3 y 

4 through 8 y 

Extrapolation from adult data 1 100 100 L30 130 

Extrapolation from adult data i 100 100 130 130 

3.2 Glycemic Index (GI) 

GI is a carbohydrate ranking system based on the effect of food on blood glucose levels, and 

defined by the area under the two hour blood glucose response curve (AUC). In effect, it 

compares carbohydrate digestibility in individual foods. Glucose (GI = 100) is the reference 

standard for GI determinations. Thus, rapidly digested carbohydrates have higher GI's than more 

slowly digested carbohydrates and consequently, lower GI foods will tend to have slower gut 

absorption rates. Lower GI foods are also thought to impart a lower insulin demand, better long- 

term blood glucose control and a reduction in blood lipids. This systematic classification of 

foods accarding to the glycemic responses they elicit can also supplement information on 

chemical composition presented in various food tables (Wolever et aL, 1991). IOM (2005) 

reports that thete is a body of evidence indicating health advantages associated with a diet of low 

GI carbohydrates because their slowed digestion reduces the glycemic load of the total diet. 

9 through I3 y 
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Extrapolation from adult data I 100 100 130 130 

Pagcll of115 

218 y 

Pregnancy, 14-18 y 

Pregnancy, 19-50 y 

Lactation, 14-1 8 y 

Lactation. 19-50 y 

- 
Brain gl.ucose utilrzation -i 100 100 130 130 

135 175 

175 

210 

-1 135 

AdolcsccntfcmalcEARplusfetal 
brain glucose utiht ion 
Adult female EAR plus &tal brain 
glucose utilization 
Adoleseent female EAR plus average 160 
human miuC content of carbohydrate 
Adult female EAR plus average 160 210 
humsnmik content of cartwhydmte 

I 



Thus, low GI and low glycemic load diets may improve human health, particularly in population 

subsets suffering from obesity, inactivity, and/or insulin resistance (IOM, 2005). 

The reason behind the development of glycemic index was the knowledge that a food's glycemic 

effect could have applications in understanding the physiological effects of entire diets. 

However, unexpected G I  values for different foods brought to light the importance of other 

factors such as the form of the food, the nature of the constituent starches, food processing, 

antinutrients and particle size. Wolever ef al. (1991) described several aspects of GI- 

determination methodology that should be considered so that results of testing in different 

laboratories can be viewed as consistent and comparable. Included among those factors were 

portion size tested, choice of a standard food, the number of standard tests to be m, the blood 

sampling regimen, and calculations of AUC. 

Cargill determined the GI of high fructose corn syrup and four different preparations of 

sucromalt using glucose as the control standard (GIL, 2005). The procedures closely followed 

the principles of GI testingidentified by Wolever et al. (1991). Twenty healthy volunteers (12 

female, 8 male; 37 *3 years of age) participated. On each day of the study, the subjects, who had 

fasted for 10-14 hours, were weighed, had baseline blood taken via finger-prick and then 

consumed 50 grams of carbohydrate test substance. Additional blood samples were taken 15,30, 

45,60,90 and 120 minutes following exposure. Collected blood samples were analyzed for 

glucose with the results used to calculate AUC for the blood glucose responses. Peak rise was 

defined as the maximum concentration attained minus the baseline fasting value. G1 was 
calculated by expressing each subject's test substance AUC as apercenfage of his or her average 

response after consuming glucose. The results are presented in Table 3. 

(The remainder of this page is intentionally blank.) 
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Table 3. Glycemic Indices of four rucromalt samples and high fructose corn syrup (Cn, 2005) 

Samule Blood ducose remorse I AUC Glvcnnic Index 
(0-2 hr~; a x  m d )  (GI)' 

Glucose 249 * 17 100 
HFCS 196 i 12' 

Sucromalt~samplc#lc 134 -+ IOb 
Summalt sample #2' 126 f 9' 
Summalt SamDIe #3' 135 f gb 

81.1 i 5.1' 
54.0 * 3.0' 
52.71k3.5~ 
55.9 i 3.75 

SUCromall SamOIe MC 114i IOb 48.7 * 4.f 

GI comared lo ha ofnlumw. e = rem(r0ses ninoiGcantlv less l h ~  hose for nlumre 81 

Mean of samples 1-4 127i IOb 52.8 f 3.7 
I 

~4.05; d=responres &tican& less tian hosefor wCS et P<O.OS; c - sample met 
smmmalt specifications shdm in Table 9; HFCS =High h c t o s e  corn syrup 

The data in Table 3 demonstrate that sucromalt has a mean GI of 52.8 compared to a G. Jf 81 

for high hctose  corn syrup. Thus, sucromalt's GI is approximately 65% of the GI of high 
fructose corn s p p , 8  indicating much slower digestibility attributable to sucromalt. 

3.3 Principal carbohydrate components of sucromalt 

Sucromalt is derived from the reaction between sucrose &d maltose catalyzed by 

altemamucrase. The resulting s p p  contains approximately 3545% fructose, 7-1 5% leucrose, 

9% other disaccharides, and 40-60% higher oligosaccharides; all pcrcenfages are determined on 

a dry basis. Many of the oligosaccharides present in sucromalt are natural components of honey 

(Weston and Brocklebank, 1999). 

3.3.1 Fructose 

Fructose is an important monosaccharide that occurs naturally in a large number of fruits (see 

Appendix 1) and in honey (Weston and Brocklebank, 1999). Fructose occurs in both the furanose 

(5-carbon ring) and pyranose (6-carbon ring) forms (see Figure 1). 

3.3.2 Leucrose 

Leucrose is a structural isomer of sucrose that differs only in the type of linkage that COMW~S 

the glucose and fructose (pyanose form) moieties. Whereas glucose and hc tose  are connected 

'52.8/81.1=0.651 or approximately65%. 
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via an a-(1,2)-glycosidic linkage in sucrose'(ChemIDp1us Advanced, 2007b), these two 

monosaccharides are connected via an a-(1,5)-glycosidic linkage in leucrose (ChemIDplus 

Advanced, 2007e). Thus, leucrose is also referred to as a bond isomer of sucrose (Elias et al., 

1996). Lacrose is a minor component of honey (Watanabe and Aso, 1960). Ziesenitz et al. 

(1989) report that leucrose was a rare substance up until the late 1980's despite published 

methods for its chemical synthesis having been in existence from 1978. 

3.3.3 Other oligosaccharides 

During sucromalt production, altemansucrase catalyzes the release of fructose and glucose !?om 

sucrose, and transfer of the released glucose to maltose, which leads to the formation of glucose- 

based oligosaccharides attached by a-( 1,3) and a-( 1,6) glycosidic linkages. The resulting synrp 

contains approximately 50% glucose oligomers (Cargill, 2005b). 

Studies in ileostomized human subjects indicate that the oligosaccharides in sucromalt are 

slowly, but almost fully (i.e., 95.4%) absorbed in the small intestine (NutriScience, 2004). 

Consequentially, this slower absorption rate would be expected to result in a slower increase in 

serum glucose. 

Sucromalt may also contain very small amounts of nondigestible oligosaccharides. However, in 

general, nondigestible oligosaccharides are not of toxicological concern because they are 

composed of naturally occurring mono- or disaccharides that, if not hydrolyzed by normal 

physiological pathways, are fermented by endogenous bacteria to produce short-chain fatty 

acids. Nondigestible oligosaccharides may be classified as dietary fibers that are generally 

recognized as safe (FDA, 2006) even though they may cause gastrointestinal discomfort in some 

individuals due to their high fermentation rate and osmotic properties. Such effects; however, are 

common to all nondigested or fermented dietary substrates (Robdoid  and Slavin, 2000). 

4.0 BASIS FOR G U S  DETERMINATION 

In accordance with Volume 62, Number 74 of the April 17,1997 Federal Register, Pages 18937 

to 18964 (proposed Rules, 21 CFR Parts 170, et d), Cargill establishes herein that the use of 

summalt as a low glycemic carbohydrate in the described foods and beverages, at levels 

providing an intake not to exceed cGMP, would entail areasonable certainty of no harm and can 
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be considered safe and GRAS through scientific procedures. Table 4 presents the applicable 

sections, subsections, and specific requirements outlined in 21 CFR g 170.36(c) of the Proposed 

Rule. A GRAS determination would exempt the use of summalt in various food products from 

the premarket approval requirements of the Federal Food, Drug, and Cosmetic Act. 

Table 4. Subset of requirements for GRAS determination by scientific procedures 

21 CFR section Specific Requirements 
170.36(~)(2): Identity and 
Specifications 

Notice must include detailed information abbut the identity of 
the.. .substance, including chemical name, structural formula, quantitative 
composition, method of manufacture, characteristic properties, specifications, 
efc. 

Notice must include any self-limiting levels of use for the substance I70.36(~)(3): Self- 
Limiting Levels of Use 

170.36(~)(4)(i.)(A): 
Tacbnical Evidence of 
safety 

Nohcemust include a detailed summary of the basis for determination that 
use of the substanu: is GRAS by scientific procaduns. Summary should 
include a compreWve discussion of, and citations to, generally available 
and accepted scientific dara, infomation, methods, or pMoQlcs used to 
esoablish nnfety, (UI wII (UI coasideration ofprobable consumption and 
cumulative effect of the substance in the diet. 

Notice summary of a scicntiIic p r o h  GRAS determination must include 
the basis for concluding &at there is a consensus mong qualified a p e  that 
there is lrasonable certainty that the substance is not harmful under the 
intended conditions of use. 

170.36(~)(4)(i)(C): Basis 
for Concluding Expert 
consensus 

5.0 MANUFACTURING AND PRODUCT SPEClFICATIONS 

5.1 Alternansucrase 

Altemansucrase is a glucosyltransferase type enzyme (termed a glucansucrase) that belongs to 

the glycoside hydrolase family 70, a part of the larger a-amylase familyp many of which are 

used in food processing. There are approximately 60 different glucansucrases in the glycoside 

hydrolase family 70 that have been classified (Vujicic-Zagar, 2007). Family 70 glucansucrasa 

can synthesize a variety of glycosidic linkages. The most studied enzyme in this family, 

dextransucrase, synthesizes primarily a-(l,6) glycosidic linkages but also a small amount of a- 
(1,3) glycosidic linkages. Altemansucrase differs from dextransucrase in that it synthesizes an 

alternating sequence of a-(1,3) and a-(l,6) linked glucose units using sucrose as the donor 

CAZy database - CarbohydrateActive Enzymes database. www.cazv.or?d (Sik visited 24 October 2007.) 
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substrate. The alternansucrase and dextransucrase genes are organized into four main sections, 

(1) signal peptide, (2) variable region, (3) catalytic domam, and (4) glucan binding domain. 

Although altemansucrase has not historically been used commerciall~, dextransucrase has been 

utilized to produce dextrans for pharmaceutical and food applications for many years (European 

Commission, 2000). 

The alternansucrase that is used to manufacture sucromalt is sourced from one of two organisms, 

(1) a Cargill-developed strain ofteuconostoc citreum, and (2) a recombinant, i.e., genetically 

modified, strain of Bacillis lichenifomis developed by Novozymes, Inc. The production strain 

used to generate the Cargill-derived altemansucrase preparation was modified by classical 

bacterial mutagenesis techniques such as exposure to ultraviolet (w) irradiation and chemical 

treatment, and did not employ methods involving recombinant DNA. The modifications 

accomplished by Cargill are further described below in section 5.1.1.1. Although details of the B. 

lichenifomis derivation have not been made available to Cargill, Novozymes (2007) recently 

determined that altemansucrase derived from their B. lichenifomis is GRAS by scientific 

procedures. As such, that derivation is expected to follow the same scientific principles of 

scientific development as described herein. 

Altemansucrase uses sucrose as a substrate and catalyzes the formation of the polymer alteman, 

a substance similar to dextran (produced by dextransucrase) except for the presence of 

alternating a-( 1.3) linkages between the linear chain a-(l,6) linkages. Altemansucrase as well as 

dextransucrase are capable of adding branch points of differing linkages to the linear chain and 

can catalyze the formation of shorter oligosaccharides in the presence of sucrose and additional 

carbohydrate or other free-hydroxyl containing molecules (i.e., acceptors). These reactions fonn 

the basis for the industrial uses of alternansucrase in the production of low glycemic 

carbohydrate syrups for use in foods. 

The identification characteristics of altemansucrase are presented in Table 5. 

(The remainder of this page is intentionally blank.) 
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Table 5. Identity of llternaosucrnse 

Clasification Ai-- (common name) 
IUJ3 mmeaclahue (systmatic name) 
RIB Numbex 2.4.1.140 
CAS Number 100630464 
Mode of action 

Plnuneter Desenption 

Sucrmr:l,6(l,3)~D-gluc~ 6(3)-a.D-glucosyl~ 

Alternately transfers a D-glucasyl residue from sucrose to the 3 or 6 positlon of a non- 
rqlucing tuminal residue of a D-glucan, rmulting in glucans with alternating a-I ,3 and 
a1,6 l ithges 

CAS = Chemical Abstracts Service, IUB = international Union o f B i w h a i s t q  

5.1.1 Leuconostoc spp. production strains 

Leuconostoc species are ubiquitous Gram-positive lactic acid bacteria that are widespread in the 

natural environment and frequently isolated from food. They have been studied extensively and 

utilized commercially for more than 50 years in food manufacture, e.g., dairy, bread dough, 

meat, pickle and sauerkraut fermentations (Server-Busson et al., 1999; Hemme and Foucaud- 

Scheunemann, 2004; JGI, 2007); they are also used in the production of dextrans (Le., high 
molecular weight polysaccharides) for blood plasma extender applications (Rodrigues er al., 

2003). A Leuconostoc species (L. mesenteroides) that is phylogenetically very similar to L. 

citreum (Leisner et al., 2005) is also approved by the US. Food and Drug Administration (FDA) 

for use in producing dextrans, which are considered generally recognized as safe ( G U S )  

mdirect food substances (21 CFR 5 186.1275). 

Leuconostoc species strains are not considered to be pathogens in the classical sense, i.e., 

organisms able to cross or evade noncompromised host barriers or to produce enterotoxins or 
other toxins associated with human disease. However, there are a few isolated reports associating 

these bacteria with illness in compromised human subjects. Although Hemme and Foucaud- 

Scheunemann (2004) and Adams (1999) have reported that Leuconostoc species strains can 

infect immunocompromised patients, thus possibly being considered “opportunistic”, they are 

not proficient at doing this (Falkow, 1997). In addition, the number of cases of Leuconostoc 

species infections reported in the literature is relatively low (ie., less than 100 since 1985) and 

most o f  these infections were in adults with weakened immunity or undetlying diseases (Hemme 

and Foucaud-Scheunkann, 2004). 

Cargill, Inwrpomtcd 
April 30,2008 Page17of115 0 0 0 0 3 1  



To the contrary, rather than contributing to human illness, many Leuconostoc species (including 

L. citreum) produce bacteriocin peptides that can kill or inhibit the growth of some human 

pathogens, e.g., Listeria monocytogenes (Hechard et al., 1993; Francis and O'Beime, 1998). 

Leuconostoc species are also not known to produce antibiotics, however they may generate 

antimicrobial substances such as organic acids and bacteriocins (Hemme and Foucaud- 

Scheunemann, 2004; Stiles, 1994). An antibiotic activity assay performed according to the 

guidelines in JECFA (2006% 2006b) indicated that an altemansucrase preparation from L. 

citreum did not produce antibiotics as indicated by the absence of zones of inhibitions on lawns 

of six test bacteria (TRAC Mimobiology, 2007). 

5.1.1.1 Leuconostoc citreum mutant strain taxonomy 

The ptoduction organism used to generate Cargill's altemansucrase preparation is L citreum 

NRRL 8-30894, a mutant strain derived h m  a ~ t u r a l  isolate of L. citreum NRRL, B-1355. The 

United States Department of Agriculture (USDA) recognizes L. citreum as the correct 

genudspecies associated with strain NRRL B-1355;'' however, the historical scientific literature 

associated with this organism (e.g., Jeans, 1952; Jeanes et al., 1954) calls it L. mesenteraides 

NRRL B-1355, a point recognized recently by Kok-Jacon (2007). Th~s slight controversy 

compelled Cargill to employ well-established and accepted 16.5 rRNA sequencing techniques to 

demonstrate that the Leuconostoc strain being used to produce altemansucrase is indeed correctly 

named as L. citreum NRRL B-1355 (Cargill, 2007a). The results of Catgill's investigation, 

coupled with USDA's recognition that strain NRRL B-1355 belongs to L. cilreum, firmly 

establishes the relationship of taxonomic equality between Cargill's production strain and its 

parents, a correlation that is not only fundamental to a finding that L. citreum possesses safe 

strain lineage, but also is a factor contributing to a GRAS finding for sucromalt. 

The currently used strain, NRRL B-30894, is an altemansucrase-ovqmducing mutant that 

expresses enzyme when grown on glucose. Stxain NRRL B-30894 is derived from thenatural 

isolate Muu, B-1355, which was originally sequestered by the USDA from an orange juice 

ScehnD://~l.acaur.usda.eavfc~-~~~~u~~ htmI. L. cifreum MlRL 8-1355 was onginally isolated in 10 

1878. (Site visited 31 March ZOOS.) 

Page18of115 0 0 0 0 3 2  



production plant prior to 1952 (Jeanes, 1952). Later, the USDA mutated this natural isolate twice 

via UV irradiation in an attempt to enhance alternansucrase production and diminish 

dextransucrase production (Leathers ef al., 1997). The first mutant strain, which was patented by 

USDA, was designated NRRL N-21138. USDA mutated this strain a second time and the 

resulting USDA strain was designated as NRRL B-21297. Cargill researchers further mutated 

strain NRRL B-21297 by a combination of U V  and chemical means to generate an intermediate, 

glucose-constitutive altemahsucrase-producing strain, designated as NRRL B-30821. This strain 

synthesized alternansucrase in glucose medium at an approximately 25% higher titer than the 

parent NRRL B-1355 strain. Chemical mutagenesis was then applied to strain NRRL B-30821 to 

generate the final production strain, NRRL B-30894, an organism that produces - 30% more 

altemansucrase than did NRRL B-30821, when grown on glucose. Figure 2 demonstrates this 

sequence of mutations from the parent strain to the final altemansucrase production strain as well 

as showing that the altemansucrase gene that was introduced into Novozymes' B. lichenifomis 

recombinant production host was also derived h m  the parent strain, NRRL B-1355. 

Figure 2. Sequence of bacterial mutagenesis resulting In L clrrcum shah Muu. E30894 With 
high altemnsucrase production capacify 
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To ensure that these mutant strains were not taxonomically different from the parent strain, 

Cargill (2007a) conducted the above-mentioned 16s ribosomal RNA sequence analyses on the 

parent and mutant strains. Table 6 displays the results from the analyses, which demonstrates that 

mutagenesis of strain NRRL B-1355 and subsequent strains did not alter the genotype of the 

mutants such that the identity at the species level of the microorganisms was changed. Inclusive 

of the parent NRRL B-1355 strain, all strains were identified as L. cizreurn and displayed a 0.28 - 
1.78% difference in 16s rRNA sequence from theL. cifreum sequence in the commercial 

database that was used.' ' Note that since Cargill never worked with strain NRRL B-21138, and 

although it appears in Figute 2, it was not included in this analysis and thus, does not appear in 

Table 6. 

Table 6. Leuconostoc parent and mutant strain properties and identification. 

Properties* Identification % Difference Confidence Level 
NRRLB-1355 Nahlral isolate L cifreum 1.78 Species 
NRRLB-21297 AS ovqmducing L. citretun 0.28 Species 
NRRL 8-30821 OI!kosecomti~ve L ciueum 0.28 SpCCles 
NkRLB-30894 AS ovcrptoducing L citreum 0.28 Species 
Mutants rctaincd thepr2vimly obtained Pmpatim ofthcparcnt (e& strain 30894 is also glum$c-constitutivc, 
in addition to pducing more altanansuaase). 

Both L. mesentwoides and L. citreum are frequently isolated in relatively high numbers from 

traditionally fermented food products that do not involve the use of starter cultures, and are 

assumed to be important in flavor and texture development (Kelly et al., 1995; Valerio et al., 

2004). Both species also have long histories of safe use in food manufacture (Server-Busson et 

al., 1999; Hemme and Foucaud-Scheunemann, 2004), for example the use of L. cifreum as a 

starter culture in the production of certain cheeses (Sanchez et al., 2006) and kimchi (a 

fermented cabbage product that is popular in Korea) (Choi ef al., 2003). 

According to the FDA, changes in the taxonomic placement of an organism should not affect the 

ability to identify toxicity, pathogenicity, or use in the production of food or enzymes by the 

'' Au~sequcncing work was wried out by Accugenix, Inc., m organization expert in microbial identifications and 
characterizations @ttp://wmv.accugcaix.com). 
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organism of interest.’* Hence, a re-classification of an organism does not necessarily make it 

unsafe for food use and information relevant to the organism prior to its reclassification is still 

valid. While Cargill’s taxonomy work resulted in a re-classification of the strain of interest, the 

safety assessment should rest upon the properties of the parent strain, because the mutants have 

been shown to be taxonomically equivalent to the parent (Pariza and Foster, 1983; Pariza and 

Johnson, 2001). 

Regarding thii latter point, there is ample evidence supporting the safety of the parent strain, L. 

cifreum NRRL B-1355, including, (1) its isolation by USDA in 1952 (ie., prior to enactment of 

the FD&C Act of 1958) (Jeanes, 1952; Jeanes et a l ,  1954), (2) the historical use of L. 

mesenferoides atidlor L. ciheum in the manufacturing of foods and drug products (Server-Busson 

et at., 1999; Hemme and Foucaud-Scheunemann, 2004; JGI, 2007; Rodrigues et al., 2003; Kelly 

et al., 1995; Valerio et al., 2004; Sanchez et al., 2006; Choi ef al., 2003), (3) its phylogenetic 

similarity to L. mesenteroida, which is GRAS-approved (Leisner et al., ZOOS), and (4) the 

nonpathogenic nature of Leuconostocspp. (Falkow, 1997). Thus, L. ciheum NRRL B-1355 can 

be considered a safe organism and, becaase of the demonstrated direct strain lineage to L. 

citreum NRRL B-30894, this latter strain can also be considered safe. 

5.1.1.2 Altemansucrase gene sequence 

The altemansucrase genes from mutant strains NRRL 8-30821 and NRRL B-30894 were 

sequenced fimn genomic DNA using polymerase chain reaction primers derived from the 

publicly available wild-type sequence (strain NRRL B-1355).” From sequence alignments, no 

differences exist among the three genes under comparison, in the coding portion, or in the 600 

upstream and 430 downstream regions of the gene. Thus, mutagenesis of the altemansucrase- 

producing strain did not change the altemansucrase enzyme itself, at least regarding its primary 

sequence. 

(The remainder of this page is intentionally blank.) 

‘ I  U. S. Food and Drug Administration, 58 FR. 27197-27199. May7.1993. 
” b t t o : ~ l ~ . . n o b i . ~ ~ ~ . ~ a v / G ~ ~  (Site visited 07 August 2007.) 
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5.1.1.3 Fermentation profie and morphology 

L. citreum grows on glucose via heternlactic fermentation and the ratio of organic products 

produced is dependent upon the fermentation conditions. Under standatd fermentation conditions 

for the production of enzyme, the mutant and parent L. citreum strains resulted in similar lactic 

acid and ethanol yields ("able 7). Consequently, under enzyme production conditions, there does 

not appear to be evidence of altered physiology of the mutant L. citreum strains compared to the 

parent strain. In addition, no morphological differences in the microbial cells are observed 

microscopically or in colony morphology. 

Table 7. Lactic acid and ethanol yields from glucose of mutant strains 

Yields' Mutant s~~ains  
NRRLB-1355 tiRI3-B-21297 NRRLB-30821 NRRLB-30894 

Y,. 48% 46% 45% 46% 
Y W l  24% 24% 23% 22% 
* =yields calculated h m  fmnentations With initial glucose values near 4% 

5.1.2 Altemansucraseproduction 

The altmansucrase fermentation process is accomplished by a liquid fermentation of a pure 

culture strain ofL. citreum in a growth medium containing food-grade glucose, yeast extract, and 

salts at 25-30 "C for up to 30 hours. Agitation of the culture is provided and the pH is controlled 

near neutral with a base solution suitable for food manufacturing, such as sodium hydroxide. All 

equipment is operated, sanitized and maintained in order to prevent contamination by foreign 

microorganisms. Physical, chemical and microbial control measures are in place during the 

fermentation, and microbial analysis is performed to ensure absence of foreign microorganisms. 

Each fermentation batch is initiated with a lyophilized culture of L cilreum. Cultures are 

checked for purity and the enzyme titer is evaluated prior to use in production. Samples are 

regularly taken during the course of production fermentations and are examined microscopically 

after plating Oh nutrient agar plates (incubated for 24-48 hours). In addition, growth parameters 

such as optical density and glucose utilization are monitored throughout the process to ensure 
consistency among batches. Famentations are considered contaminated if two fermentation 

samples show the presence ofnon-production microorganisms by phase contrast microscopy or 
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by plate growth. All contaminated femientations are rejected. The fermentation is considered 

complete when the glucose provided in the media is consumed. 

The recovery process commences immediately following the fermentation process. Because 

alternansucrase is naturally secreted by L. citreum, the enzyme is recovered by removing the 

cells h m  the culture broth and by concentrating the enzyme via a series of filtration steps. Cell 

removal is accomplislied by centrifugation or by microfiltration. Once cells have been removed, 

additional microfiltration is performed to remove cells and other culture debris. Then the cell- 

free broth is concentrated through an ultrafiltration unit and is polished through a series of 

descending pore size microfilters (smallest pore size 0.2 micron). The product is loaded into 

clean containers (drums, totes, etc.) in a concentrated, liquid form. Final products are examined 

according to the specifications outlined in Table 8. 

All raw materials used in the fermentation and recovery processes conform to Food Chemicals 

Codex (FCC) WAS, 2004) specifications and are standard ingredients used in the enzyme 

industry (Anonymous, 1994). The manufacturing of alternansucrase is conducted under cGMP 

and all locations follow the USDA's guidelines for HACCP (Hazard Analysis and Critical 

Control Point) proce~ses.'~ Figure 3 provides an overview of the enzyme preparation method. 

(The remainder of this page is intentionally blank.) 

" HACCP rmidelines are available from the USDA website at - 
&p://fC&afetv. nal.usda.eov/nal dmlavhdex.uhD?hfo eente~16BaaX level=l%fan subieot477. (Site visifed 
10 January 2008.) 
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Figure 3. Method o f  alternnnsucrase preparation 

5.1.3 Alternansucrase composition and specifications 

Alternansucrase preparations are typically composed of water (88-97%), cahohydrate (<So/,), 

ash (<3%), fat ((0.2%) and protein ((3%) and conform to specifications outlied for enzyme 

preparations in the FCC (NAS, 2004) and JECFA (2006a). Cargill’s specifications for 

altemansucrase are presented in Table 8. 

(The remainder of this page is intentionally blank.) 
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Table 8. Cargill specifications for rlternrnrucrasc 

msan (Il;eNational F O O ~  
' 

< 5 ppm 
Anmic < 3 m  MNSOl3 (TheNatimal Food Lab)b 

Total viable mwVg s-lO,OOo AOAC MC(h0d 966.23 
Ycark andmold/g c 100 BAM 
Total colifodg a 0  BAM 

htaopathogenicE. rnldZ5 g Negative by tst BAM 
WrnoncILdZS g Negative by test AOAC Method 2003.09 

Antibiotic activity Negative by test IECFA (20063; Appuidu A 

and ooO266-1 Soma Labs' 
Mycotoxins Negative by Lest M d m d s  ~3l-2,000157-2. ooO164-0 

= Typical I d s  axe 40-60 T-l Ulml, with one unit W i g  equal to &e release of 1 pM of hctose from ~ u o s e p e r  minute 
at 37T, a = Dclaminatioo of enzyme activity by T-l aceeptor away. January 5,2006; b = The National Fwd Lab Tntemal 
Methods for heavy m 4 s  by ICPJMS (i.a. indudivdy coupled plasma maos spcdmsmpy); c = WLC (high p e r f ~ m ~ ~ ~  
liquid chromatography) and TLC (thin layer chromatography) methods of Roms Lsbs (vnion MO); AOAC = Association of 
Omcial halytical Chemists; BAM = FDA Bacteriological Analyficai M M U ~ .  8' Ed, Chaptas 3,4 and 5,1995 

With the exceptions of enzyme activity and total viable countper gram of summalt, 

altemansucrase from Novozymes, Inc. has the same specifications as shown in Table 8. 

Novozymes, Inc. measures enzyme activity using the 2,4-dinitrosalicyclic acid (DNS) reducing 

sugar assay and will provide minimally 150 DNS units/g (Bernfield, 1955)." In addition, the 

total viable count specification for Novozymes' altemansucrae preparations is 40,000per 

gram. 

5.1.4 Use of altemansucrase 

5.1.4.1 Mode of action 

Alternansucrase alternatively transfers a D-glucosyl residue from sucrose to the 3 or 6 position of  

a non-reducing terminal residue of a D-glucan, resulting in glucans with alternating a-l,3 and a- 
1,6 linkages and ffee fructose. 

(The remainder of this page is intentionally blank) 

'' Historidy, T-1 actdty units are approrimately five times higherthanDNS units. (personal communication with 
Dr. Anton Woo, Senior Research Scientist, CfugNl Health and Nutrition, 09 October 2007.) 
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5.1.4.2 Use levels 

The recommended amount of alternansucrase to be used for each gram of sugar to be converted 

is 1-6 U.I6 Altemansucrase is used in accordance with cGMP during the normal production at 

minimum concentrations to achieve the desired effect. 

5.1.4.3 Enzyme residues in the final sucromalt product 

Although no formal speoification exists for total residual protein in sucromalt syrup, Cargill has 

established an informal maximum specification of <62.5 ppm (<IO ppm Nitr~gen).'~ Of that total 

residual protein, Cargill estimates that no more than 6 ppm can be actual enzyme protein.'* If 

sucromalt were incorporated into final foods at 85% (Le., the maximum anticipated use level of 
sucromalt; see Table IO), the maximum residual protein derived from alternansucrase would be 

<5.1 ppm (iz., 6 x 0.85). However, this maximum would occur only in sweet sauces with lower 

maximum levels in all other food categories. 

5.2 Sucromalt 

5.2.1 Sucromalt production 

Food-grade sucrose and food-grade maltose or high-maltose corn syrup are mixed at a specified 

ratio (optimally 8-1 1 to 1) and at concentrations between 40-50% before enzyme addition. The 

pH of the reaction is adjusted to 5.0-5.8 and may be maintained in this range by acid or base 

addition if necessary. The aqueous enzyme reaction is carried out at 37 "C to 47 OC with mild 

mixing for several hours. The reaction is sampled regularly to evaluate reaction progress and is 

considered finished when the amount of carbohydrate with two degrees of polymerization (iz, 

DP2) is less than 3% of the total carbohydrates, as measured, typically by an HPLC method. At 

that point, the sucromalt product is tested against the specifications shown in Table 9. The 

resulting syrup may be heated to inactivate the enzyme; however, it has been shown that the 

downstream processing deactivates the remaining enzyme. The syrup can be purified with 

"This use level applies equally to alternansucrase derived fxom either L. citreurn or B lickenljonnis The amount of 
altemcraseused is only a factor of the desired speed on t h ~  reaction, not its taciency. 
I' CargiU internal method LS-029-1. (Total nitrogen in sweetenen is measured by complete combusnon of  the 
ynple in oxygen at high temperature.) 

witb Dr. Anton Woo, Senior Rescaroh Scientist, Cargi Health and Nutrition, IS Januaty 2008.) 
'I%& assumption is b d  on a 1 U/ml enzgme titer at 160 U/mg o f  .$pecific activity. (Personal oommunication 
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decolorizing resin or activated carbon, or passed through cation and anion exchange resins to 

remove any protein, color, and ions. Combinations of these resins can be used based upon the ion 

load of the syrup. The purified syrup is evaporated under vacuum to obtain 75 to 80% dry solids. 

All processing aids are food-grade and are similar to those used in typical corn syrup production. 

Figure 4 provides an overview of sucromalt production. 

Sucromalt Process Flow 

Ash removal 

Polishing E,.J,~,, e) 
Dembrizingl 

n 6- 

Figure 4. Overview of the sucromalt production process 

5.2.2 Process controls 

The processing steps, the facility, and the controls used in the manufacturing of sucromalt 

conform to cGMP for human food in accordance with the applicable parts of 21 CFR, Part 110. 

As a food manufacturer, Cargill plants are regulated by the FDA and are subject to FDA 
inspections. Cargill performs microbiological testing on select lots of sucromalt in accordance 

with the Cargill business unit HACCP (Hazard Analysis and Critical Control Points) plan. 

Testing includes assays for mesophilic bacteria, yeast, and mold, and i s  performed monthly. 

Pesticides and heavy metal analyses are performed annually. 

C&giU, lnmpratcd 
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5.2.3 Control of alternansucrase in sucromalt 

Although the manufacturingprocess described above is thought to effectively eliminate 

altemansucrase from sucromalt, its absence has not been shown definitively. However, several 

itemsof evidence suggest that if altemansucrase were present in sucromalt, it would be at 

extremely low levels, if present at all. First, the calculations described in section 5.1.4.3 indicate 

that the maximum residual protein in sucromalt that could be derived from alternansucrase is 6 

ppm. Also, when finished sucromalt is combined with the sucrose-maltose reaction mixture 

under conditions of manufacturing, no additional sucromalt is p rodud ,  leading to the 

conclusion that active altemansucrase is absent from finished sucromalt. Another item of 

supportive documentation is provided by the results of polymerase chain reaction (PCR) testing 

conducted by Novozymes. This testing showed that for the promoter gene sequence responsible 

for the production of altemansucrase was not present when B. lichenfofonnisderived 

altemansucrase was analyzed by PCR. 

5.2.4 Sucromalt chemical and physical characteristics and stability 

Sucromalt is non-crystallizing and provides sweetness and body in various food products. A 

typical analysis of sucromalt, including carbohydrate profile,” ChemiCaVphysical properties and 

sensory characteristics, is shown in Table 9. The carbohydrate Analytical data generated in 

Cargill’s Research and Development lab from five separate non-consecutive sucromalt batches, 

are also shown in this table and demonstrate that all batches were within the limits of a typical 

analysis, an illustration of consistent sucromalt manufacturing?’ Regarding stability, sucromalt 

’’ There are no addition constihlents in sucromalt other than carbohydrates. Thus, the carbohydrate profile represents 
sucromelt in its entirety. *’ Table 9 represents specifications that will be met for allmanufacturcd batches; however, additional specification 
testing may bc completed quarterly or yearly, or they maybe nm per specific customer requirements, ag., % 
sulfated as4 mnductidty (~rOhms), heavy mttsls (Amdc. Cadmium, Macury, Lead; ppm), pesticide residues and 
microbiology. Regarding microbiology, less frequent testing evaluates standaid plafe count$ (specification: < 5000 
cfidg) as well as cbunts of yeast and mold (each with a specification of < 100 cfidg). Those microbiology studies are 
nm via mahods dcvclopcd by the Corn Rcfurers Association (CRA), a ~ t i d  trade association iepksenting the 
US. wrn dining (wet milling) industry. Members of that industry routinely use methods devclopcd and endorsed 
by W s  technical commitb. Cargill is currently developing data expected to validah that CRA-method results 
arc similar to results obtained when using FDA’s BAM (Bacteriological Analytical M d )  andor methods 
recommended by AOAC (Assockitionof Analytical Chemists). At the p e n t  time; howevet, CRA methods are 
used for the analpis of mromalt for total plate count, yeast and mor& Cargill does net mufinely m pathogen 
testing on sucmmalt because its osmotic pnsslm,percent dissolved solids and low UTI@ rantent do no! support 
p a h g e n  pmwtb, wnditions that me similar to other commercially availsble corn spups that are commonly 

cargill. Inmrporatcd. 0 OOO+aJ 
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has been shown stable from pH 2 to 8 at temperatures up to 121°C (retort condition). When 

stored for six months at 32.2OC or 37.8OC, sucromalt is stable in terms of microbial counts, 

carbohydrate profile, pH and dry solids; and sucromalt-containing food products, i.e., lemon 

sorbet @H>4.6), chocolate meal replacement drink @H<4.6), and chocolate mint bar @H>4.6), 

have also been demonstrated stable for at least 6 months when stored at 4°C. In addition, 

carbonated energy drink @H<4.6) was stable in an accelerated shelf-life study via storage at 

40°C. 

(The remainder of this page is intentionally blank.) 

consumed by humans every day (Cargill, 200%; CRA, 2000). However, if specifically requested by a customer to 
NU pathogen analysis, that tcsting will be wmpleted 
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Table 9. Typical analysis of mcromalt, including carbohydrate proNe, ehemlcaUphysical propertiu and sensory charsetenstics of sueromalt 

Parametns Speoification Analytical results (batch dmIgnat+m) 

DYSXM042407A' 433P0701* 433P0702" H7M537** H7A124f' 
Caibohvdra h motile 

Fmomse (%dry) 
(Cargill method LS-030-l)d 
DP2 (-1' 
(Catgin methodLS-030-lId 
teumse ("My) 
(CargillmetbcdLS-030-1)d 
Higher saccharides and pol er (%dryIb 
(CargiU method LS-030-1) F 
Brix (%)e 

(viacaldation)' 

(Cargill mcthodDS LS-002-1)' 
Moistme (%) 

pH (Ea(gillma6odLS-006-1)' 
Sulfur dioxide (ppm) 
(Carginmethod LS-012-1)h 

Apgtaranoe 

Taste 
(Cargill method QARM-SOP-GI.0027)' 
Odor 

3545 

9 

7-15 

>40 

3 0  

so 
3.5-6.0 

5 max 

Clear to light yellow 
liquid with some cloud 

Sweet. bland 

39 

3 

11 

48 

78 

22 
4 

1.4 

Clear 

Sweet 

Characteristic 

39 41 

3 3 

9 9 

49 48 

Chcmidohvsical uroocrties 

78 79 

22 21 

4 4 

<I <I 

Seosorv cham cteristics 

Clear clear 

sweet Sweet 

Characteristic CharaCtCriStlC 

39 

4 

13 

46 

79 

21 

4 

<1 

Clear 

Sweet 

Characteristic 

39 

3 

12 

46 

77 

23 

5 

1.30 

Clear 

Sweet 

Characteristic (C- method QAHM-SOP-GLOQ27)' 
* = thesebatches wrnmsmrfactuted wth slttmans~crasc derived fmm Novaymes' Bu~Wis lichenifonis q a n i s m ;  ** = these batches were manufawned with almangucrasc dnived 
From the Cargilt-dc~loped LNconodoc Ciheum organism; DP - d e w  ofpolymerization; a * DPZ may encornpas monosacchsride (i e., onreacted glucose) and disaccharides (e g.. 
u n w e d  sucrose and malmc and p o s 3 l y  sunoscisomuis such as isomaltulme): b=  higher saccharides and polymer encompasses ssccharides with B P  (Le., DP3+); c = Brix signifies 

: d ="Saccharides by liquid chromatography "; e = "% % substanFc and Baume o f  starch hydrolysate and sweeteners by m d t & Q -  ' mndmahcd descrmttoq 
rrfradommr"; f = moisture is not 811 anslyzed endpoint but simpiy calculated as ( I  00% -dry mbstane*l, which arc composed of total solids, sulfated ash and cerbohydmtcs): g = "pH of 
brewhs syzups."; h = 'SO2 m finished sfveenncrs (1- or lesp)."; i = "Orfmolcptic evaluation of fwd &e pmducts." 

. .  

0 
0 
0 * 
4 
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6.0 ESTIMATED DAILY INTAKE 

To determine the hypothetical maximum daily human intake of sucromalt as an added food 

ingredient, a consumption analysis database” was used to calculate (1) meanper cupita, (2) 

mean “eaters-only”, and (3) 90* percentile “eaters-only” daily sucromalt consumption when it is 

added to the foods identified in Appendix 2, which represent the food categories identified in 

Table 10 (Burdock Group, 2008). 

In a 2003-2004 nationwide survey conducted over two days, participants answered 

comprehensive and detailed questions about their consumption of food d&g the previous 24 

hours, and the results were used to code individual foods and portion sizes that were consumed. 

The number of participants on Day 1 of the survey was 9034; there were 8354 participants on 

survey Day 2 (Total = 17,388). These survey results were weighted to place more strength on 

foods that were consumed by more individuals and then were extrapolated to the entire U.S. 

population. The collected data represents consumption o f  foods specified by the study 

participants only, not necessarily those foods consumed by the entire U.S. population. Thus, the 

“eaters-only” analysis represents the amount of sucromalt in foods consumed only by the study 

participants. In contrast, theper capita analysis represents the amount of sucromalt consumed in 

foods, weighted by foods most consumed and then extrapolated to the entire U.S. population. 

The foods identified in Appendix 2 were selected by Cargill as representing those in which 

sucromalt can be used as an ingredient to replace other nutritive carbohydrates (e.g., cane and 

beet sugars, high fructose corn syrup, glucose syrups and dextrose) that are currently consumed 

in the US., and includes the food categories in which it is possible that sucromalt will be used. 

Those categories are presented in Table 10, along with the range of expected sucromalt 

percentages in each. 

me remainder of this page is intentionally blank.) 

*’ U.S. Department of Agriculture, Agriculhrre Research Service (2006) What We Eat In America, ” A N E S  2003- 
2004: Docmentation and Data Files. Available: http://www.ars.uSdagov/b&harc/fsrg and 
h t t p : / / w w w . c d c . ~ o v l n c h d a b o u t / m a j o r / ~ ~ ~ O O 3 - 2 0 0 4 / ~ ~ 3 ~ . h ~ .  
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Table 10. Food categories in which sucromslt is intended to be used 

RequestedFocd Categories Concentration* 
Baked Goods 1.5-50% 
Bewmga, Non-alcoholic 
Beverages, Alcoholic 
Brealdast Cereals 
Chewing Gum 
Condiments and Relishes 
Confwt~onary and Frostings 
Frozen Dairy 
Fruit Ices 
Gelatins and Puddings 
Hard Candy 
Dairy Products (and non-dairy analogs) 
Jams and Jellies 
Milk 
Milk Products 
Processed FNitS and Fruit Jwes 
SnackFoods 
Soft Candy 
Sweet Sauce 
Salad Dressings 
= food categories m those shown m Appendrx 2. 

245% 
5-15% 
5 3 0 %  

15% 
5-25% 
2040% 
9-20% 

12.5-35% 
8-18% 
IO-30% 
54% 

1240% 
3% 

3-15% 
5-20% 
540% 
540% 
845% 
8-20% 

For the consumption estimate, Cargill provided the maximum anticipated sucromalt use 

concentrations for the foods in each category. (See Appendix 2 for those maximum 
concentrations in each food.) The overall results of the consumption analysis are shown in Table 

1 1 and the age-group breakdown of mean, weighted, eaters-only consumption is shown in Table 

12." 

Table 11. Estimated consumption of sucromalt from food categories specifled in Appendix 2 

mdday m&gJday* 
Mean Der cmita 52.920 890*4 ~ . .  
Mean, weighted, eaters-only*** 64;850 1090*** 
90* Percentile, weighted, eaters-only*** 147,600 2540*** 
* = thcse values are rounded off to the nearcst I O  from tbc exact estimates shown in APPENDIX 3, ** = W y  weight in this 
calculation is based on the general assmnption of the avaage pason in the US. population weighing 60 kg; *** =the body 
weights us4 in the calculations wbs based on respondent ages, daived from Portia el a/. (2007); *** = utimata are based 
on individuals in the US.  that ~lmume the foods idarified in Table IO. i e ,  eatas-only In the 2W3-2W survey, 466,778,866 
mdividuair consumed the targeted foods 

The software used to create the consumption estimates in Table 12 provldes the age-group breakdown only for the 
estimated mean, weighted, eatersdllly consumption. Overall, 48.7% 0f"eaters" were male and 51.3% were female; 
howevcr, no additional bnakdoam by sex we8 provided. pmonal communication with Dr. Ray Matulka, Assistant 
Director of Texicology, Burdock Qmnp, 18 October 2007.) 
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Table 12. Estimated mean, weighted esters-only consumption of sucromalt broken dawn by age groups.” 

AEe R ~ O U D S  COnsumDtiOll * Age range m da ** m da * 
1-2 11.4 lb22 31,300 2750 
3-5 18.2 947 48.150 2660 _. 
6-1 1 
12-19 
20-29 
30-39 
4049 
50-59 
60-69 
70t 

33.5 
64.7 
77.6 
81.4 
82.5 
82.9 
81.5 
73.7 

1708 7 1;430 

1456 93,580 
1326 74,840 
1317 63,340 
981 49,720 
1267 36,950 
- 1 764 33,090 

4035 88,990 
2130 
1370 
1200 
920 
770 
600 
460 
450 

E=15.822 
= body wnghls in this column an dcnved from Podia el  d. (2007); **= these values BTC rounded off 10 the 

narcs1 I O  from the uscl stirnates shown in APPENDIX 4.  

For dietary sugars in general, the mean per capiru intake can be estimated from agricultural 

commodity consumption tables published by the U.S. Department of Agriculture (USDA). In 

2005, USDA reported that theper capita consumption of caloric carbohydrates - this includes 

total cane and beet sugar, high fiuctose corn syrup, glucose syrups and dextrose - was 140.2 

Ibs/yr.” Converting the units from Ibslyr to mgkdday yields aper capifa yearly consumption 

for these caloric carbohydrates of 2933 mgkdday; this value is comparable to the estimated 

mean per capita intake from Table 1 1 of 890 mgkdday. Thus, the estimated mean per capita 

daily intake of sucromalt, which is intended to replace those various carbohydrates in certain 

foods, represents approximately 30% of their estimated total per capita yearly intake, Le., 

89012933, or 30.3%. 

It should also be noted that the consumption estimates in Table 11 are quite conservative and 

encompass all of the foods to which sucromalt could be added. However, because the cost of 

sucromalt is expected to be greater than the carbohydrates it can replace, it is most likely that 

sucromalt will find actual use as a replacement carbohydrate in less than half of the food 

categories shown in Table 10. 

nThe. sum of caters idennficd m Table I2 (i,.?., 15,822) is less than the total number of survey parucipants . e., 
17,388) because only that many participants repofled eating the foods idennficd in Appenb 2. ’‘ United Stales Dcparhucol of  A g n c u l ~ ,  Economic Research Service. Food availability (per cuptfa) data system. 
~ t t p : / / w w w . m . ~ a . g o v / d a t a / f o o d c o n s u m p t ,  Site wiled 18 October 2007.) 
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The digestion and absorption characteristics of sucromalt components and breakdown products 

are well understood and are described in the published scientific literature as well as in standard 

biochemistry textbooks. These historical data are further supported by the results ofnonclinical 

and clinical studies fmploying sucromalt. The results of in vitro and in vivo digestibility studies 

indicate that sucromalt is well digested. Sucromalt exhibited no mutagenic potential in the Ames 

bacterial mutagenicity assay. Similarly, no signs of toxicity were evident following 28 days of 

dietary sucromalt administration to female rats at 19,800 mgkg/day and to male rats at 18,560 

mg/kg/day. No signs of malabsorption (measured via breath hydrogen) were observed in a 

clinical investigation in which healthy subjects received single doses of50 g or 80 g sucromalt. 

7.2 Carbohydrate kinetics 

Monosaccharides, disaccharides and oligosaccharides are natural carbohydrate components of 
the human diet and are important sources of metabolic energy. The mechanisms by which 

carbohydrates are digested, absorbed, and metabolized are well understood. Following ingestion, 

the monosaccharides glucose and fructose readily absorb a m s s  the intestinal epithelium into the 

circulation by passive diffusion and/or active transport mechanisms. Once in the blood, they are 

distributed throughout the body for cellular metabolism via glycolysis (Figure 5) followed by 

eventual conversion to metabolic energy in the citric acid cycle (Stryer, 1988). Disaccharides and 

oligosaccharides require conversion by hydrolysis to monosaccharides prior to absorption. With 

respect to sucromalt, fructose will be directly available for absorption and metabolism while 

leucrose and higher oligosaccharides must first be hydrolyzed to their constituent 

monosaccharides. The nature of those substances dictates that the monosaccharides will be 

predominated by glucose with a relatively small amount of fructose generated (&om leucrose). 

Early work by Lamer and Gillespie (1956) reported on the enzymatic hydrolysis of nigerose (i.e., 

an a-1,3-lhked glucose-to-glucose disaccharide)" by a human intestinal extract. A few years 

later, Dahlqvist (1962) used homogenates of human jejunal and ileal mucosa to demonstrate 

*' odinemedical dictionary. htto://clmcenveb.ncI.ac.uk/cei-binlomd7, (Site visited I 1  Apnl2008.) 
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specificity of eleven different human intestinal disaccharidases for known disaccharides, 

including maltase (for maltose, the a-1,4-linked glucose-to-glucose disaccharide in sucromalt) 

and isomaltase (for isomaltose, the a-l,6-linked glucose-to-glucose disaccharide in sucromalt). 

Thus, it has been over 50 years since the scientific literature first demonstrated the presence of 

hydrolytic enzymes in humans that are specific for the glycosidic linkages found in sucromalt 

oligosaccharides. Evidence for the enzymatic cleavage of leucrose is found in cariogenic 

research as well as in studies targeting mammalian metabolism. In a cariogenicity-associated 

study, Giilzow and Polihronu (1990) demonstrated the breakdown of leucrose’s a-i ,$-glucose 

to-hctose linkage &human saliva. Those findings supported the earlier work of Ziesenitz et a1 

(1989), in wuch the enzymatic cleavage of leucrose was observed using carbohydrase 

complexes isolated from human jejunal mucosa A more detailed summary of the carbohydrase- 

related work of Ziesenitz et al. (1989) is found later in this dossier in section 7.3.2.1 (Page 40). 

The works of Gray et al. (1979) and Brunner et al. (1979), offered evidence suggesting that the 

sucromalt-linkage-specific disaccharidases may be associated with the active sites on a sucrase- 

isomaltase complex contained in the intestinal brush border membrane. Gray et al. (1979) 

showed that the glucose units in an adextrin hexasaccharide are removed by the composite 

sucrase-isomaltase, sequentially yielding single glucose units and saccharides of one less glucose 

unit. Because the glucooligosaccharides in sucromalt have the same type of a-1.4- and a-l,6- 

glucose-to-glucose linkages as are in the a-dextrin hexasaccharide evaluated by Gray et al. 

(1979), it is most likely that the process of sequential glucose unit removal also OCCUTS following 

ingestion of sucromalt. Further support for this or a very similar mechanism i s  found in several 

studies summarized in later sections of this dossier where the metabolisms of leumse and 

s u m a l t  are both shown to yield blood glucose curves that are effectively identical to the blood 

glucose curves of sucrose. The M e r  metabolism of liberated glucose and fiuctose eventually 

yields pyruvate, which is oxidatively decarboxylated to form acetyl CoA, leading to 

condensation with oxaloacetate to form citrate in the citric acid cycle and the eventual yield of 

metabolic energy (Sayer, 1988). It is possible, albeit unlikely, that small amounts of 

glucooligosaccharides will move into the large intestine before being hydrolyzed. In that 

scenario, they could be used as substrates by intestinal microbes or eliminated in the feces. 

However, human studies summarized in later sections demonstrate that if this occm, it would be 

without any detectable adverse effect. 
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Figure 5. Giycolysis pathway (BioCarta;'6 King*') 

'' F d e r  Pathways for Glycolysis. Available on-line thmugh: b~~/llwww.biocarta.com/index.ase. 
I' Kin& M.W. Metabolism of Major Non-Olucose Sugars and Glycolysis. The Medical Biochemistry Page. Indiana 
State University School of Medicine. Available on-line through: httD://waw.indscate.edu/thcme/mwldne/home.h~ 
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7.3 Carbohydrate safety 

7.3.1 Fructose 

Because of its everyday consumption from natural sources and via high-fructose com syrup (at 

42 to 55%),28 the general safety of fructose consumption among humans is well accepted. In 

healthy individuals, ingested fructose is readily absorbed by the intestinal mucosa through 
n o d  physiological pathways. Fructose obtained firom the hydrolysis of sucrose or directly 

h m  the diet undergoes hepatic conversion to fructose 1-phosphate via hctokinase. In other 

tissues, fructose is converted to fructose 6-phosphate by hexokinase. Although the pathways 

differ slightly, fructose 1-phosphate and fructose 6-phosphate are ultimately converted to 

glyceraldehyde 3-phosphate, an important intermediary metabolite in glycolysis (Stryer, 1988). 

However, hc tose  malabsorption and intolerance can occur in individuals with certain hereditary 

metabolism disorders caused by a deficiency or lack of fructose 1 -phosphoaldolase (aldolase) in 

liver, kidney, andlor small intestine. Individuals with this affliction develop hypoglycemia, 

nausea, vomiting, irritability, and tremor after fructose ingestion and prolonged fructose 

exposure may lead to jaundice, hepatomegaly, hepatic failure, convulsion, coma and possibly 

even death. Another inherited condition that might result in hc tose  intolerance is a deficiency 

of fructose 1,6-bisphosphatase, which catalyzes the conversion of hctose  1,6-phosphate to 

fructose 6-phosphate. This disorder is characterized by episodes of fasting hypoglycemia, 

ketosis, and lactic acidosis; it can be fatal in newborns (Ravich et ~1.1983; Kneepkens et ai, 

1984; Truswell et ai., 1988; Riby et al., 1993). Yet another fructoseassociated infirmity is 

essential fructosuria, a benign metabolic disorder occurring in approximately 1 out of 130,000 

individuals that results from a genetic defect of fructokinase. Aside from abnormally high 

urinary fructose, the condition is generally asymptomatic and may go undetected (The Merck 

Manual, 1999). Although these disorders occur in a small subset of the human population, those 

individuals would be considered a risk group for sucromalt consumption. However, sucromalt 

would not represent a risk beyond that associated with high-fructose syrups already on the 

matket. 
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Regarding carbohydrate malabsorption in general, lowered digestive tolerance o f  an ingested 

carbohydrate can result in its malabsorption and this can be viewed as applicable to fructose. 

However, in multiple studies, fructose has been ingested by humans alone or in combination with 

glucose with results showing a direct codat ion  between amount of ingested glucose and greater 

fructose absorption capacity, and in the absence of glucose, many subjects could not completely 

absorb fructose at doses of 20-50 grams, amounts commonly contained in products sweetened 

with high fructose corn syrup or crystalline fructose (Ravich er at., 1983; Kneepkens et al., 1984; 

Rumessen and Gudmand-Hayer, 1986,1988; Twswell et al., 1988; Riby et al., 1993). Rumessen 

and Gudmand-Hwer (1986) and Smith et al. (1995) have shown that glucose actually facilitates 

fructose transport across the small intestine brush border membrane via a glucose-dependent 

facilitated transport mechanism, thereby increasing the rate of fructose absorption. Based on 

these studies, it is then logical to propose that during sucromalt digestion, when both glucose and 

fructose are released for simultaneous gut absorption, there will be no expectation that the 

fructose moiety of sucromalt will be malabsorbed. This expectation is fully supported by the 

results of clinical studies reported below. 

7.3.2 Leucrose 

Ziesenitz er ul. (1989) conducted a nutritional assessment of leucrose that included the evaluation 

of, (1) in vitro carbohydrase activity, (2) growth and metabolism in rats, (3) the effects associated 

with intravenous (i v.) leucrose (and sucrose) injection in rats, and (4) blood glucose responses in 

humans. This study was undertaken to determine whether leucrose’s (a-1,5) glucose-to-fructose 

glycosidic linkage (see Figure 1) might impart fiutritional properties that are different from its 

monosaccharide constituents. Later, Mias el al. (1 996) presented a comprehensive safety profile 

of leucrose in which the results from a wide array of studies were reported, including those from 

Ziesenitz et al. (1989). The findings summarized in Elias et al. (1996) included results from (1) 

metabolism studies in humans; (2) pharmacokinetic studies in rats, dogs and humans; (3) 

subchronic studies in rats and dogs; (4) embryotoxicity studies in rats and rabbits; and (5) four 
genotoxicity studies. The reported &dings o f  Ziesenitz et al. (1989) are summarized in the 

following four sections. Ensuing after those sections are summaries of  the findings reported by 

Elks et al. (1 996). 
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7 . 3 2 1  Carbohydrase activity on leucrose 

In the in vitro portion of their leucrose evaluation, Ziesenitz ef al. (1989) examined the 

enzymatic cleavage of leucmse, leucritol (i.e., hydrogenated leucrose), sucrose and maltose using 

amixture of carbohydrase complexes prepared from human jejunal mucosa?' As endpoints for 

enzymatic cleavage, the authors used K, (m) as the rate of cleavage, which was associated 

with affinity:o and V,, (mM/(min x mg protein)) as the maximum metabolic rate?' The results 
are shown in Table 13 and demonstrate that the enzyme mixture had affinity for the test 

substances and participated in their respective metabolisms. 

Table 13. Cleavage of leucrose, leucritol, sucrose and maltose by a complex of carbohydrase from 
human jejuna1 mucosa 

Activitv bv human &hvdrase comlex 
Cleavage rate Maximal metabolic rate 

sugar subshate (M) (pM/min x mg protein) 
Maltose 5.9 609 
Sucrose 17 304 
Leucrose 12 190 
Lcuclitol 25 21 
M, = ratc of glycosidic linkage cleavage; V,, = maximum metabolic rate 

7.3.2.2 Effects on growth and metabolism in rats 

Ziesenitz et al. (1989) also examined the effect of leucrose on the growth of male Sprague- 

Dawley rats compared to growth effects of sucrose and cornstarch. Groups of six rats each were 

fed a basal diet supplemented with 25% (by weight) leucrose, sucrose, or cornstarch for six 

weeks, the energy contents of each diet were nearly identical (18.68-1 8.96 W/g dry matter). 

Body weight was measured in all animals before and after exposure, and three times each week 

during exposure, for calculation of protein efficiency ratio (grams of weight gaidgrams of 

protein ingested) and energy efficiency ratio (grams of weight gainlenergy intake in mJoules). 

Following the exposure phase, the weights o f  liver, kidneys, empty stomach, small intestine and 

29 Ziesenitz eta ,  (1989) also examined the cleavage properties of a yeast a-glucosidasepreparation; however, the 
results an not applicable to human risk assessment and an not presented in this dossier. 

A lower cleavage rate correlates withhigher afnnity because less enzyme is required to cleave. the glycosidic 
I i i g e .  
I' It is mgnized &at K,is typically considered the Michaelis constant, which is related to substance 
concenlrutions an!# cltprcssed in molar quantities (e&, mM or pM) ( S w ,  X9B8). Ziesenitt e: ul. (1989) did not 
explain why E; vas chosen to represent cleavage rate. 
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caecum (with and without contents) were determined. The results of this investigation showed no 

effects on body weight gains, protein or energy efficiency ratios, and relative kidney, liver and 

small intestine weights. Empty stomach and h l l  caecum weights were different between the 

groups fed leucrose and cornstarch (P S0.05) but there were no differences in these parameters 

when diets containing leucrose and sucrose were compared (Ziesenitz ef al., 1989). 

7.3.2.3 Effects of i.v. leucrose and sucrose admistration on rats 

In a third segment, Ziesenitz et al. (1989) administered intravenous (iv.) doses of aqueous 

leumse (1 P/z ml water), aqueous sucrose (1 g/2 ml water) or saline (control, 2 ml) to groups of 

six anesthetized female Cam rats. The test substances were infused over a 15-minute period 

before the rats were transfened to metabolism cages for collection of urine and feces over four 

days. Based on assumptions of, (1) an extracellular compartment of 42 d250 g body weight of 

rat, (2) a rat weight of 255 g, and (3) injection of one g leumse or sucrose, Ziesenitz et al. 

(1989) estimated that the leucrose or sucrose concentrations in the intracellular water after 15 

minutes of administration would have been approximately 30 M. During that time, f d w a t e r  

consumption and body weights were measured. Urine was analyzed for concentrations of 

glucose, sucrose, leucrose, sucrose and constituent monosaccharides, while only fecal weight 

was measured. There were no treatmentdated effects on body weight, urine volume, or fecal 

weight and neither glucose nor hc tose  was identified in mine. The amounts of leucrose and 

sucrose excreted in urine within 24 hours were approximately equal, i .e ,681 f 353 mg and 675 

i 275 mg, respectively:’ thus suggesting a wmmon metabolic process?’ The ratio of water to 

food consumption was not different between groups before injection but following injection; 

trends toward increased water consumption and decreased food consumption were noted for both 

the leucrose- and sucrose-injected groups (Ziesenih et ai., 1989). 

(The remainder of this page is intentionally blank.) 

’’ Urinary leucrose and sucrose were determined by high performance liquid chromatology and/or gas 
chromatography (Ziesenitz et d., 1989). 
’ I  Because Immse and sucrose were admimtcred intravntously rather than enterally, these meanvements 
constinmd test substances that had not bccn hydml~c leaved .  Thus, they wen unchanged (Ziesenitz et ul., 
1989). 
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7.3.2.4 Human blood glucose following leucrose intake 

Ziesenitz et al. (1989) also fed 100 grams of either leucrose or sucrose (both in 400 ml water) to 

twelve fasted healthy male and female volunteers (6/sex) and collected blood samples for 

analysis at 0.25,0.75, I ,  1.5,2,2.5,3,4 and 5 hours following consumption. Analytical 

parameters included plasma glucose, iiuctose, insulin and C-peptide. No symptoms of intestinal 

discomfort were reporfed. Peak insulin and C-peptide levels were not significantly different 

between sucrose and leucrose; however, peak plasma glucose tended to be lower following 

leucrose ingestion compared to sucrose ingestion. Peak values of blood fructose were 

significantly lower (P = 0.0066) with its elimination half-life (tE) being longer (P = 0.0238) after 

leucrose consumption compared to sumse consumption. 

Based on their overall study results, Ziesenik et at. (1989) concluded that digestion of leucrose 

in the mal1 intestine is comparable to that of sucrose, and that both are generally complete in 

healthy persons. Leucrose appeared to be well digested and tolerated by both humans and rats. In 

addition, although the intravenous study did not address metabolic utilization per se, it helps to 

support the safety of leucrose because no obvious adverse reactions were observed in any organ 

following exposure to approximately 30 mM leucrose or sucroseper liter of intracellular water. 

7.3.2.5 Metabolism studies in humans 

Elias et al. (1996) reported the results of two unpublished human metabolism studies of leucrose 

conducted in 1988 and 1989 at Biodesign institute in Freiburg, Germany. In the 1988 study, 

seven male and three female subjects (19-30 years and 26-28 p, respectively) consumed diets 

containing either 265 g leucrose or 250 g sucrose as the only carbohydrate source?4 Each diet 

was consumed for seven consecutive days, separated by a singie seven-day rest period. On days 

1 and 7 of each feeding period, blood glucose and hctose were measured eleven times; blood 

insulin concentrations were also measured eleven times but only on day 7. The results of these 

measurements were used to compare maximum blood concentration and AUCs of glucose, 

iiuctose and insulin between the leucrose and sucrose treatments. The results of this investigation 

revealed no differences between treatments. 

A gre4t-x amount of leucmse wa8 fed to compensate for 6% that WBS bound-up in water. 
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In the 1989 Biodesign Institute study described by Elias et al. (1996), twelve subjects (ages 37- 

73) with Type I1 diabetes consumed single oral doses of leucrose (53 and 106 g) and sucrose (50 

and 100 9). Blood was drawn at 0,0.5, 1, 1.5,2, and 4 hours following exposure and examined 

for glucose, fructose, insulin and C-peptide concentrations. The results showed slower rates of 

blood glucose and fructose increase after leucrose consumption compared to sucrose 

consumption, which was reflected in statistically significant lower peak blood insulin following 

leucrose consumption. No additional experimental details were provided (Elias et al., 1996). 

7.3.2.6 Pharmacokinetic studies in rats, dogs and humans 

Elias et af. (1996) also summarized the findings of an unpublished rat pharmacokinetics study of 

leuwose (rats strain unspecified). In an oral bioavailability study, twelve males were each 

injected i.v. with 10 mgkg bwt leucrose and nine males were each administered leucrose vta 

gavage a! 1000 mgkg bwt. At unspecified intervals, blood was drawn from the rats in these two 

groups for analysis of plasma leucrose. A maximum plasma leucrose concentration of 1.3 mgA 

was reached after one hour, a finding that led to a calculated absolute bioavailability of 0.1 1%. 

The plasma half-life following i.v. injection was 16.1 minutes with the volume of distribution 

being 0.2 Vkg. In another phase of this investigation, groups of twelve males were admihistered 

the same i. v. and gavage doses of leucrose followed by urine collection at unspecified time 

points over 24 hours for measurement of urinary leucrose. This experiment showed a 24-hour 

urinary excretion of 0.08% following the oral dose whereas urinary excretion was 74% following 

the i.v. dose. The results of these blood and urine investigations shows that, despite high oral 

doses, only minute amounts of leucrose entered the systemic circulation, thereby suggesting 

gastrointestinal breakdown into its constituent monosaccharide units followed by complete 

conversion to metabolic energy via glycolysis and the citric acid cycle (Elias et af.,  1996). 

Elias et al. (1996) additionally summatized a human crossover study where six subjects (age an 

sex distribution unspecified) consumed 70 g leucrose and 67 g sucrose in single doses with urine 

collected during three intervals, 0-6 bm, 6-12 hrs and 12-24 hrs. Withm 24 hours, up to 57% of 

leucrose and 47% sucrose had been excreted in the urine, with approximately 94% of leucrose 

and 57% of sucrose excreted within the first six hour urine collection interval. Although the 

method of measurement was not specified, it is unlikely to have involved direct measurements of 

these two disaccharides because an additional statement mentioned that the calculated totals of 
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unchanged leucrose and sucrose were approximately 0.05-0.06% of the administered doses 

(Elias et al., 1996). 

7.3.2.7 Subchronic studies in rats and dogs 

Thirteen-week dietary studies using beagle dogs and the Tit RALf (SPF) strain of Sprague- 

Dawleyrat also failed to identify any toxic or other adverse biological effects attributable to 
leucrose exposure. In the rat study, leucrose was fed to groups of 40 rats (2O/sex) at dietary 

concentrations of 0,5,10 and 20%, with a 20% sucrose diet serving as a positive control and an 

18% wheat starch diet serving as a negative control?s Measurements of food consumption 

resulted in mean leucrose exposures of 0, 1000,2100 and 4200 mg/kg/day for males and 900, 

1800 and 3000 mglkglday in females. At the end of 13 weeks, 15 ratdsex in each exposure group 
were killed and necropsied with the remaining 5 rats/sex/group being held for an additional 4- 

week recovery period while consuming a normal diet. The parameters examined in the rat study 

included food and water intake, hematology and clinical chemistry endpoints, gross organ 

abnormalities, weights of eleven organs, and histopathology of 48 organs. Plasma leucrose 

ranged from 0.3-0.6 &ml, values that were characterized as minimal. Urinary leucrose 

concentrations were 27-51 &mI; described as dose dependent but not dose-proportional?6 

Because there were no observed effects on any of the examined endpoints, the male and female 

NOAELs for leucrose in this study were concluded to be the highest administered doses, i.e., 

4200 and 3000 mgkglday, respectively. The mean male and female rat intakes of the sucrose 

positive control were 4200 and 2700 mgkdday, respectively (Elias et ai., 1996).” 

In the dog study reported by Elias ef al. (1996), the effects of dietary leucrose were examined at 

concentrations of 0,5,10 and 20%. In the low- and mid-concentration groups (both containing 

three dogs per sex), the reported leucrose doses were 2500 and 5000 mgkdday. In the high- 

concentration group, which contained four dogs per sex, the leucrose dose was reported as 

’’ This 18% wheat starch diet was considered by the authors to be isocaloric to the 20% leucrose and sucrose diets. 
Elias et al. (1996) mentioned that these urinary leucrose concenhations were simiiar to human urinary leunose 

~mcmtratiorn of35-141 pglml following single 70 g doses. Although the source of these human urinary leunose 
~ncentratiorn was not specified, it is  probable they amse corn the human study described in the previous section 
where six humans consumed aingle M g gUantities of leucross. ’’ The pathmeters examined in the rat study included food and water intake, hematology and chcal chemistry 
cndpdi ,  gross orgsn aknarmalities, weights of  eleven organs, andhistopathology of 48 organs. In the dog study, 
the cxaminedparsmetus included clhcal signs, food and water intake. 
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10,000 mgkglday. The positive and negative control groups also contained four dogsper sex; 

the former consuming 10,000 mgkglday of sucrose (from a 20% sucrose diet) and the latter 

consuming 9000 mgkglday of wheat starch (from a 18% wheat starch diet). After 13 weeks, all 

dogs from the low- and mid-dose groups were killed and necropsied as were three of the four 

dogs per sex in the high-dose and two control groups. The remaining dogs consumed a normal 

diet during a four-week recovery period. In this study, the examined parameters included clinical 

signs (including vomiting and diarrhea), food intake, body wkghts, hematology and clinical 

chemistry endpoints, blood pressure, electrocardiogram, gross organ abnormalities, weights of 

eleven organs, and histopathology of 40 organs. Plasma leucrose was measured after one and 13 

weeks of exposure. The resulting values ranged from 0.7-4.3 pglml, which were reported as low, 

dose-dependent and comparable at both time points. Mean plasma sucrose concentrations in 

control dogs were higher at 8-10 pg/ml. UMary leucrose concentrations were 161-661 pg/ml; 

also described as dose dependent and comparable at both time points, although greater than 

urinary leucrose seen in rats and humans at cornparable doses. Mean urinary sucrose in control 

dogs was 91 9 pglml after one week and 184 pglml after 13 weeks; however, the one-week value 

was reported as having a very high standard deviation and thus, not statistically different from 

the 13-week value. Because there were no observed adverse effects in the dog study, a NOAEL 

of 5000 mglkglday was reported for both sexes. 

Because there were no observed effects of leucrose on organ weights or the gastric mucosa in 

either of species tested, Elias et al. (1996) reported that longer-term toxicology studies were not 

expected to demonstrate a significant human health hazard of leucrose. Thus, no chronic studies 

were conducted on leucrose. 

7.3.2.8 Reproductive toxicity 

Elias ef al. (1996) reported that special studies of the potential effects of leumse on fertility and 

reproduction in rats were not conducted due to the results of metabolism studies and the findings 

from the 13-week rat study. In this latter study, at the highest doses, weights of ovaries, testes 

and pituitary glands were unchanged and the histopathology of both male and female 

reproductive systems was normal. 
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7.3.2.9 Embryotoxicity studies in rats and rabbits 

Elias et ul (1996) also reported on the potential embryotoxic effects of leucrose in Sprague- 

Dawley rats (Tit RALf (SPF) strain) and Himalayan rabbits. In the rat study, groups of 24 

pregnant females were administered gavage doses of 0,300,900 and 2700 m a g  bwt on 

gestational days (GD) 6-1 5. The negative control group was administered gavage doses of a 

0.8% aqueous hydroxypropyl methylcellulose gel and a positive control group was Savaged with 

2700 mgkg bwt sucrose on the same GDs as the treated and negative control p u p s .  On GD 20, 

dams were killed following delivery of fetuses by caesarean section. All treated dams tolerated 

treatment well. Food intake was not-affected at any dose; however, high-dose dams had a 

moderate but significant (P level unspecified) depression in body weight gain during GD 6-20 

compared to untreated control dams. No differences were observed between treatments and 

controls for resorption rates, fetal weights and placental weights. There were also no treatment- 

related effects on fetal malformations or variations. These findings led Elias el al. (1996) to 

conclude that ieucrose is not embryotoxic or teratogenic in rats. 

In the rabbit study, the same gavage doses of leucrose and control substances were administered 

to p u p s  of 12 pregnant rabbits during GD 6-1 8. On GD 29, dams were killed after the fetuses 

were delivered by caesarean section; fetuses were. observed for viability during 24 additional 

hours while in a 37°C incubator. Treatment was well-tolerated by dams with no effects on food 

intake or body weight gain. Based on there being no observed treatment-related effects on fetal 

numbers, body weights, placental weights, sex distribution, viability, resorption rates, 

postimplantation losses, variation rates or malformations, Elias et al. (1996) concluded that 

leucrose was not embryotoxic or teratogenic to rabbits. 

Elias et al. (1996) further reported that they did not conduct a human peri-postnatal toxicity 

study of leucrose because biologically relevant amounts of unchanged leucrose cannot reacb 

mother’s milk following ingestion. 

7.3.2.10 Genotoxicity studies 

7.3.2.10.1 Ames assay 

Elias et al. (1996) reported the tindings of an Ames reverse mutation assay using the standard 

plate inwpnytion procedure. Salmonella typhimurium tester strains TM8, TAIOO, TA1535 and 
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TA1537 were exposed to leucrose concentrations of 0, 156,312,625,1250,2500 and 5000 

pglplate in the absence and presence of metabolic S-9 activation prepared &om Aroclor 1254- 

induced rat liver microsomes; exposures in the presence of S-9 were accomplished at both 4% 

and 10% S-9 concentrations. The negative control solvent was not specified. With one exception, 

there were no significant increases in the number of revertants compared to controls. That 

exception was an observed significant increase (Dunnett’s test) in revertants in tester strain 
TAI 537 at 2500 &plate in the presence of 10% S-9. Because (I)  a similar increase in revertants 

was not seen at the same dose in the presence of 4% S-9, (2) regression analysis did not show a 

dose-response, and (3) all other genotoxicity assays (summarized below) were negative, this 

isolated finding was not considered to be indicative of an overall positive Ames assay for 
leumse (Elias et al., 1996). 

7.3.2.10.2 Mouse micronucleus assay 

The results of a mouse micronucleus assay on leucrose were also reported by Elias et al. (1996). 

A range-finding assay evaluated gavage leumse doses at 0,250,1000,2000 and 4000 mgkg 

bwt in groups of six Swiss-Webster mice (3/sex). The negative control solvent was not specified. 

Significant clinical adverse signs were not observed. At 72 hours post-exposure, there were no 

significant depressions in the ratio of polychromatic erythrocytes to red blood cells (PCERBC) 

in (1) at least 200 RBC collected from bone marrow, and (2) at least 1000 RBC collected from 

peripheral blood. In the definitive assay, groups of 30 mice (1 %ex) were administered single 

gavage doses of 0, 1000,2000 and 4000 mgkg bwt. Male mice in a positive control group 

(number of an ima ls  not specified) were gavaged with 300 mgkg bwt of urethane. A h  dosing, 

bone marrow was collected at 24,48 and 72 hours from five micdsedgroup and examined for 
cytotoxicity. Approximately 2000 PCE &om the collected bone marrow were examined for the 

presence of micronuclei. In the positive control mice, the expected significant increase in 

micronucleated PCE was shown but in treated animals, there were no significant decreases in 

PCERBC ratio and no significant increases in PCE with micronuclei. Thus, Elias et a!. (1996) 

concluded that leucrose was not mutagenic in the mouse micronucleus assay. 

me remainder of this page is intentionally blank.) 
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7.3.2.10.3 Mouse lymphoma assay 

The mouse lymphoma assay was another tool used by Elias et al. 0996) to evaluate the potential 

genotoxicity of leumose. In a preliminary procedure, cultures of L5178Y murine lymphoma cells 

were exposed to leucrose at 0,39,78,156,313,625,1250,2500 and 5000 pdml in the presence 

and absence of S-9 metabolic activation. The negative control solvent was not specified. Using 

standard protocols for evaluating the frequency of mutation at the thymidine kinase (tk) locus of 
the exposed cells, there were no observed indications of leucrose-induced cytotoxicity. The 

definitive assay evaluated leucrose concentrations of 0,600,1000,1800,3000 and 5000 pg/ml, 

also in the presence and absence of S-9. All positive control substances (k, 

ethylmethanesulfonate, methyimethanesulfonate and 3-methylcholanthrene) induced the 

expected significant increases in mutants at the tk locus; however, the results for leucrose were 

negative and Elias et af. (1996) concluded that leucrose was not mutagenic in the mouse 

lymphoma assay. 

7.3.2.10.4 Chromosome aberration assay 

The final genotoxicity evaluation reported by Elias et  af. 0996) was a chromosome aberration 

assay in Chinese hamster ovary (CHO) cells. In the preliminary assay, CHO cells were exposed 

to leucrose at concentrations of 0,42,126,380, 1140 and 3420 p@mI with and without S-9 

(exposure time and negative control solvent not specified) and evaluated for chromosomal 

damage by standard procedures. In the definitive assay, leucrose concentrations of 0,855,1710 

and 3420 pglml were evaluated, also with and without S-9. In the absence of S-9, there were no 

significant increases in the frequency of cells with structural chromosomal aberrations; however 

those effects were noted in the presence of S-9 at 855 and 1710 pg/ml. The highest concentration 

of 3420 p g / d  did not induce the effects observed at the two lower concentrations. Because there 

was no demonstrated doseresponse associated with these findings, the assay was repeated. In the 

second assay, no effects were observed at any leucrose concentration regardless of whether S-9 

was present. As with the other genotoxicity assays summarized above, the positive control 

substances (rnethylmethanesulfonate and cyclophosphamide) induced the expected positive 

responses in both the initial and repeated assays. Based on these findings, Elias et al. (1996) 

concluded that leucrose was negative in this assay. 
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7.4 Suctomalt safety 

A series of in vifro and in vivo (animal and human) studies were conducted to assess the safety of 

sucromalt (sucrose:maltose = 9: l)?*In vifro studies included an investigation of summalt 

digestibility and an Ames bacterial reverse mutation assay while the in vivo animal studies 

included a 7-day dose-range-finding study in rats, and a 28-day oral toxicity study in rats. 

Human clinical investigations included an evaluation of sucromalt effects on (1) human plasma 

glucose, insulin response, and breath hydrogen, (2) gastrointestinal symptoms in triathletes 

during heavy exercise, and (3) postprandial glycemia and insulinemia. These studies are 

described below. 

7.4.1 In vitro studies 

7.4.1 .I Digestibility 

The digestibility of sucromalt made fiom various sucrose:maltose molar ratios was assessed by 

an in vitro digestibility assay (Cargill, 2005a).39 The tested sucrose to maltose ratios included 

1:1,41,8:1,9:1 and 101.Aqueoussucromalt solutions (4%) weremixed withratintestinal 

powder and incubated at 37 O C  with samples taken &om the incubated mixture at 0,4 and 8 

hours. The amounts of glucose released by the rat intestinal enzymes were measured by HPLC 

and expressed as percent of total availabldtheoretical glucose as an indication of expected in 

vivo digestion. The results of this assay are summarized in Table 14. The in vitro digestion rate 

of sucromalt decreased as the ratio of sucrose to maltose increased; however, little difference 

occurred in digestion rate of sucromalt made with sucrose to maltose ratios of 8:1,9: 1 and 101. 

Table 14. In vitro digestibility of sucromalt with varylng sucrose: maltose ratios at baseline, 4 hours, and 8 
hours (CargiU, 2005a) 

Percent (theoretical) glucose concentration released 
Sucrose: maltose ratio Baselihe 4 hours 8 hours 

1:1 2 I9 81 ... 
4 1  
8:1 
9 1  

.. 
38 
28 
29 

-. 
47 
33 
31 

101 4 30 32 

38 All of these 6hldies were accomplished using sucromalt that met the speoifications presented in Table 9. 
39 This sfudy used a method deyelopd for mterhal Cargilr use as a screen for digestibility. As such, there is no 
attempt in tbis dossier to tie the results to a human dskassessmmt conclusion. 

Carpill. Inoorporatea 
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7.4. I .2. Mutagenicity 

The mutagenic potential of sucromalt4’ was assessed in the Ames bacterial reverse mutation 

assay using Salmonella lyphimurium tester strains TA97a, TA98, TA100, TA102, and TA1535 

in the presence and absence of Sprague-Dawley rat-derived S9 metabolic activation.” Based on 
a range-finding study that evaluated test concentrations of 0.05,0.158,0.5, 1.58 and 5 mgplate, 

the final sucromalt concentrations evaluated in the definitive study were 0.5,1.58 and 5 

mg/plate. Under these test conditions, sucromalt did not induce mutagenicity in any of the strains 

tested (Carlson et al. (2008). 

7.4.2 Animal studies 

7.4.2.1 Seven-day study 

A 7-day, range-finding toxicity study was conducted (WIL Research Laboratories, Inc., 2003a) 

as a prelude to a 28-day repeated dose toxicity study of sucromalt that is described in detail later 

inthis section (Eapen et al, 2007). Sucromalt was administered to Crl:CD@(SD)IGS BR rats (4 

animaldsexldose) via addition to a cettified rodent diet4’ for seven consecutive days at 0, 

100,000 ppm (lo%), 150,000 ppm (15%), and 200,000 ppm (20%). Animals were housed 

individually in wire-mesh cages suspended above cage board and observed twice daily for 

mortality and moribund condition; clinical examinations (e.g., body scabbing, fecal softness) 

were performed each day?3 Detailed physical examinations were conducted ptior to 

randomization and again prior to scheduled sacrifice at study end. Individual body weights and 

food consumption were recorded twice weekly; there was no evidence that sucromalt was 
unpalatable. After the seventh day of dietary exposure, all animals were weighed, their food 

consumption measured and they were euthanized. There were no deaths during the study and 

there was no evidence of toxicity. In all treatment groups (both sexes), there were statistically 

significant increases in food consumption; however, those increases were evident only when 

The specific suoromalt ts t  substance was prepared by reaction of nine parts sucrose to one part high maltose corn 
Le.. “suoromalt 91”andmtthe qxcilicationspresented in Table 9. ’% study followedthe guidelines of O E D  471 (Bacterialreverse murationtest). 

‘ I  PMI Nutitioeal International LU: Certified Rodent LabDiem 5002 (meal). Complete composition available at 
~:l/www.labdiet.w~~&xomlindexlabdiethome.. 
” Because this WBS arange-finding study, the effects of the various suoromalt cancentrations on clinical chcmishy 
wers not determined. See Fmen el a/. 0007) below for a description of clinical chemistry and other endpdints 
evaluated in the &suing 28&y study.’ 
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consumption was evaluated during days 0-4 and 4-7. When mean food consumptions were 

evaluated from days 1-7, there were no significant differences in either sex, a finding supportive 

of the observation that there were was no treatment-related effects on body weight. The mean 
sucromalt consumption for all exposure groups are presented in Table 15. Based on the results of 
this study, ie., a 7-day dietary no-observed-adverse-effect level (NOAEL) of 200,000 ppm (or 

approximately 20,000 mgkdday), sucromalt concentrations of 0, 50,000, 100,000 and 200,000 

ppm were selected for the subsequent 28-day study (Eapen et al., 2007). 

Table 15. Calculated sucromalt consumption during 7 d s y  toxicity study in rats 

Exwsure Orour, 
200,000 ppm 0 ppm 100,000 ppm 150.oW ppm 

MALES 
DaysOto4 
Mean consumption (mgkglday)’ 0.00 10,160 14,740 21,240 

Days4toI  

Grand mean 0.00 9100 14,040 20.060 

Days 0 to 4 
Mcanconsumption (mgkglday) 0.00 9840 15,630 20,090 

Days4to7 
Mean consumption (mpntslday) 0.00 18.L4D 

Grand Mean 0.00 9490 14,890 19,120 

Mean consumption (mgkdday) 0 00 9240 18.890 

FEMALES 

=Mean consumptlon calculated from individual consumptions 

1.4.2.2 28-day Study 

A 28-day toxicity study was reported by Eapen et al. (2007) in which Crl:CD@(SD)IGS BR rats 

(10 animals/sex/dose) were administered summalt at dietary concentrations of 0,50,000 ppm 

(5%), 100,000 ppm (lo%), and 200,000 ppm (20%) over 28 days; the rats were all 

approximately six weeks old at the beginning of the s t ~ d y . ~ ~ ~ ’  This study included an evaluation 

The diet used in this study was identical to the diet used in the p r d i g  seven-day range-fiudmg study (sectlon 
7.4.2.1.). See footnote42 onpage49. ‘’ The @st m a W  used in this study met the standards of wmposition established for the suoromalt commercial 
product, with the exception of total solids. which were 70% because it was dB3cult to blend the syrup with the m t  
of the diet at 8@A. 
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of potential neurotoxicity by functional observation battery (FOB)46 as well as an assessment of 

locomotor activity via an evaluation of fine motor skills and ambulatory motor activity. This 
study was consistent with OECD Guidelines 407 and Redbook 2 and was GLP-compliant. 

Animals were housed individually in wire-mesh cages suspended above cage board and were 

observed twice daily for mortality and moribund condition; clinical examinations were 

conducted daily and detailed physical examinations were performed weekly. Individual body 

weights and food consumption were recorded weekly. FOB and locomotor data were recorded 

for 5 animaldsedgroup during study week 3, and ophthalmic examinations were performed 

during weeks 1 and 3 by a board certified veterinary ophthalmologist. All animals were 

euthanized after four weeks of treatment and clinical pathology evaluations (hematology~' 

serum chemistry,'@ and urinaly~is)~' were performed. Complete necropsies were conducted on all 

test animals and included examination of external surfaces, al l  orifices, and the cranial, thoracic, 

abdominal and pelvic cavities, including viscera. At necropsy, organs/tissues were collected for 

weighing and histopathologic examination:' which was conducted on tissues collected from all 

animals in the contrul and highdose groups (Ehpen er nl., 2007). 

(The remainder of this page is intentionally blank.) 

" FOB parameters included observations in the home cage (posture, convulsiondtremors and feces consistency), in 
handling (ease of  removal fiom cage), lanimatiouhlood tears, piloerechon, palpebral closure, eye prominence, 
d c m t y  deposits), in the open (mobility, raring, convulsiodtremors, grooming. bhdstereotypic behavior), 
sensory parameters (approach response, startle &pome, pupil response, forelimb extension, air righting reflex), 
n ~ m u ~ l ~ p a r a m e t c ~  @indlib extensor smgth, bindl ib  foot splay) and physiological observations 

" Hematolysis parameters included total lenkocyte count, red blond cell count, hemoglobin, hematocnt, mean 
corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC), pratelet count, reuculocyte 
count (percent and absolute), andpercenf and absolate leukocyte count (including neutrophils, lymphocytes, 
monocytes, eosinophils and basophils). '* Serum chemishy panunetem included albumin, total protein, globulin, albumiidglobulin ratio, total b h b m ,  urea 
nitmgen, creatinine, alkaline phosphatase (AP), alanine aminotransferase (UT), aspartate aminotransferase (AS"), 
gamnra-gluta.myltransfcrase (GOT), glucose, total cholesterol, calcium, chloride, phosphorous, potassium, sodium 
and triglycerides. 
"Urinalysis parameters included volume, urobilinogen, color, appearance, pH, protein, glucose, ketonesfbilirubin, 
occult blood, leuko@s and nitrates. 
Io The organ$ and &sues that were collected included a+nals, aotta, bone wthmarrow f h m  femur and sternum, 
bone matrow sm&, brain (cerebrum levels 1 and 2, cerebellum wtb medulla and pons), gastrointestinal tract 
(esophagus, stomach, duodenum, jejunum, ileum, caecum, colon, rectum), beart, kidneys, liver, lungs (with 
htonchii, lymph nodes (mandibular andmesentefic), mammary gland (females), nasal cavities, ovaries (with 
oviducts), mcrcri8, petipheral newe (sciatic.), pituitary, prostate, salivary glands (mandibular), skeletal muscle 
(rectus feiporia), skin, spinal cord (dd. tho@o, mar), splehtl, thymus, thydd and paratbymid glands, 

(catalepsy, MY temperahrre). 

tongue, eechea, *-bladder, uterus with w g h ,  and other gross I*iions. 

csrgill, lnoorporated. 
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Mean f d  consumption was significantly greater at some or all weeks in low-dose females, and 

in both sexes in the mid- and high-dose groups (P<O.O5 or P(O.01). These increases in food 

consumption resulted in higher body weight gains during week 3 for males and during all four 

weeks for females. However, body weights for males and females were only slightly higher (2% 

to 4%) than control group animals during study weeks 3 andor 4, and these values were not 

considered by the authors to be toxicologically or biologically relevant and they were not 

statistically significant. The mean sucromdt consumption among males and females is presented 

in Table 16. 

Table 16. Calculated daily sucromalt consumption during 28-day toxicity study in rats 

.Exnosure GIOULI 
0 ppm 50,000 ppm 1W,ooO ppm 200,000 ppm 

lldRLEs 
W& 0-1 

Weeks 1-2 

weeks 2-3 
Mean consumption (mg/lcg/day)* 0 3990 8060 17.110 
weeks 3-4 
Mean consumption (m&g/day)* 0 3630 - 7300 15.640 

Grand mean 0 4340 8670 18,560 

weeks 0-1 

Mean consumption (mgikg/day)* 0 5290 10.550 22,450 

Mean consumption (m&glday)* 0 4440 8780 19,050 

FEMALES 

Mean consumption (mgikglday)' 0 5300 10,060 22,450 

weeks 1-2 
Mean consumpaon (mg/kg/day)* 0 4890 10,030 20,220 

Weeks 2-3 
Mean consumption (mg/kg/day)* 0 4480 9230 18,950 
weeks 3 4  
Mean consumption (-day)* 0 - 4060 - 8250 17.570 
GrandMean 0 4680 9390 19,800 

*=Mean consumption calculated lium individual consumptions 

All animals suMved to the scheduled necropsy. There were no treatment-related clinical 

observations, and no effects on FOB, locomotor activity or urinalysis parametem. There were 

also no ophthalmic lesions indicative of toxicity, and no macroscopic, microsoopic, or organ 

weight changes. The only observed statistically significant findings were in the clinical 

cargill. lnoorporated 
April 30,2008 
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chemistry values for alanine aminotransferase (ALT) and aspartate aminotransferase (AST); and 

in the hematological values for mean corpuscular volume (MCV). 

In males exposed to the lowest concentration of sucromalt, both ALT and AST were slightly 

elevated compared to untreated control males (P<0.05, Dunnett’s test). Table 17 presents the 

individual male rat ALT and AST data for all dietary concentration and shows the approximate 

equal variafion with the individual rats in each treatment p u p  (WIL Research Laboratories, Inc. 

,2003b). Although statistically significant, the lowdose findings do not indicate a treatment- 

related hepatotoxic effect of sucromalt because (1) they do not follow a dosedependent trend, 

(2) they did not occur in both sexes, (3) they are not accompanied by adverse liver 

histopathological findings, and (4) the values are all within the historical control range for the 

same rat strain.’’ These latter two points are important because the magnitudes of difference 

between the control and significant ALT and AST ( ie. ,  30 compared to 39 UA for ALT, a 0.3- 

fold increase; and 72 compared to 90 Ufl for AST, a 0.25-fold increase) are well below the >3 to 

5-fold increases in these two enzymes that are generally considered by FDA to be adverse (FDA, 

2001), particularly when the observed slight elevations occurred in the absence of liver 

histopathology. 

(The remainder of this page IS intentionatly blank.) 

I’  he m ~ a n  ALT value for historical cpnm Ili CI 3DQ[SD)IGS BR rats at WlL Research L )c is 
40U~(SD=7.3;n-411;range=25-60)andthcmeanASTvaluesforthoscanimalsis95U/l(SD=17.1;n=411; 
range = 67-1 54). Range of study dates = December, 2002 m February, 2007. OKn. Research tsboratorics, bc. 
(2007) 



Table 17. Individual rat data for ALT and AST for control and low-dose males that consumed the treatments 
of sucromalt (WU Research Laboratories, h e . ,  2003b) 

Alanineaminofransferase (ALT; U/l) 
Dietary sucromalt exposure (~g/kg/&y) 

Aspariateaminoeansferasc (AST; UA) 
Dietary s m m a l t  exposure (m&g/day) 

Male rat 0 4340 8670 18,560 0 4340 8670 18,560 
# 
1 26 53 30 34 72 94 74 72 
2 33 41 34 56 71 76 80 104 
3 17 30 26 30 72 92 60 73 
4 33 33 36 29 70 74 77 68 
5 24 57 3s 34 61 106 81 80 
6 23 32 23 27 63 67 75 78 
7 27 39 33 4 1  85 107 75 89 
8 25 34 32 35 62 78 75 121 
9 38 41 28 33 81 87 78 73 
10 40 32 34 41 86 114 82 88 

M a  30 39' 31 37 72 90' 76 85 
SD 6.0 9.2 4.3 9.0 9.1 15.9 6.2 16 7 
#of  10 10 10 10 10 10 10 10 

animals 
= Pd.05; SD = standard deviation; Uh = lntanatimal Units per liter. 

For MCV (r.e,, the average volume of individual red blood cells, RBC), a minimal, yet 

statistically significant, decrease was noted in highdose d e s  compared to control males. T h i s  

microcytosis finding is unlikely to be associated with a toxic hematological effect attributable to 

sucromalt ingestion. As evidence, the individual animal data for MCV is presented in Table 18 

(WIL Research Laboratories, Inc., 2003b). A broad examination of the MCV values fiom control 

and treated animals shows little variability and no doseresponse relationship. The range of MCV 

values noted among highdose males (53.5-57.5 fl), all treated males (53.4-58.5 fl) and control 

males (54.0-58.5 fl) were all minimal and well within the range of historical MCV values (52.5- 

66.2 fl)" for control male Crl:CD@(SD)IGS BR rats. Furthermore, a similar difference was not 

observed in high-dose females despite their greater exposure to sucromalt relative to high-dose 

males. In addition, no statistically significant changes occurred in any of the other RBC-related 

hematological parameters measured in this study. This included RBC and reticulocyte counts, 

hemoglobin, hematocrit, mean corpuscular hemoglobin and mean corpuscular hemoglobin 

concentration. Because the decrease in MCV from high-dose males lacked correiating changes in 

The mean MCV value for historical conml male CrL:CD'(SD)IGS BR rats at WIL Research Laboratories, Inc. is 
58.7 fl (SD = 3.13; n = 273; range = 52.5-66.2). Range of study dates = June, 2004 to February, 2007. (WIL. 
Rcscaroh Laboratone$, Inc. (2007) 
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other red cell parameters, was of small magnitude and consistent with control values, did not 

occur in a dose-related manner, and did not occur in females that had a higher sucromalt 

exposure, the significant MCV decrease in high-dose males is not considered a sign of sucromalt 

hematotoxicity. 

Table 18. IndividualMCV values for all test animals at all exposure levels (wn. Research Laboratories, Inc., 
2003h) 

Mean corpuscular volume (MCV; fl) 
MALES 

Dietar/ sucromalt exuosure fme/ke/dad 

4340 

I 56.2 55.1 

Male 
rat # 

8670 

55.5 
2 55.2 55.8 57.5 
3 58.1 57.1 57.1 
4 58.0 54.5 56.8 
5 57.7 55.0 58.0 
6 56.7 55.0 57.8 
7 58.0 53.5 55.0 
8 56.1 55.0 56.1 
9 54.0 58.5 57.5 

18.560 

54.9 
553 
55.7 
57.5 
55.5 
55.8 
53.4 
53.5 
53.8 

- 

IO 58.5 56.1 56.5 562 
Range 54z8.5 53.5-58.5 55.0-58.0 53.4-57.5 
Mean 56.9 55.6 56.8 55.2’ 
SD 1.47 1.41 1.00 1.30 

* = P+.O5; fl = fCmlO!itR (i e.. IO-” liter); SD = standatd dcv 

Mean corpuscular volume (MCV, fl) 
FEMALES 

Dietaw sucromalt emosure (m&e/day) 

0 4680 9390 19,800 ;emale 
rat # 
I 57.6 56.6 55.7 54.0 
2 56.1 55.7 55‘3 53.5 
3 56.5 53.6 56.5 52.6 
4 56.2 58.1 56.0 55.0 
5 54.8 56.7 58.0 56.8 
6 54.1 55.3 54 3 55.2 
7 55.7 53.8 56.5 57.6 
8 55.4 53.9 57.4 56.7 
9 56.2 54.9 55.7 58.2 
IO 56.6 5.6.6 54.2 

Range S4G7-6 53.6-58.1 54.3-58.0 52.6-58.2 
Mean 55.9 55.5 56.1 55.4 

SD 0.98 1.50 1.06 1.87 
an. 

Based on the results of this study, the no-observed-adverseeffect levels (NOAEL) in rats 
administered sucromalt in the diet for 28 consecutive days were 18,560 mgkdday formales and 
19,800 mg/kg/day for females, the highest doses tested. (&pen el al., 2007). 

7.4.3 Human studies 

7.4.3.1 Digestibility in ileostimized patients 

The human digestibility of sucromalt was investigated in two male and two female ileostimized 

patients; their characteristics are presented in Table 19.53 

In an earlier oral glucose tolerance study of sucromalt, the glucose and insuli  responses to sucromalt we= 
significantly l o w  than those for high h c t o x  corn syrup; implying a lower GI. Thus, it could not be determined 
wh&cr summalt ingestion results in an incomplete absorption in thc small intestine, thereby resulting in a lowcr 
peak and AUC ( a m  under the dose-rcsponse curve), or resulting in a lower postprandial mponsc a h  complete 
absorption. UsiDg ilcostimizcd patients is. therefore, vay useful bccausc ileostomy affluent can be collected and the 
raovcry of sucrbmalt can be meanrred so thatpercenf absorption in the small intestine can be calculated. 

Cargill, bleorporated 
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Table 19. Main characteristics of bioavailability study participants (NutriScience, 2004)* 

Subject Sex Age Height Weight BMI (kgim2) Systolic BP Diastolic BP 

1 F SI 1.59 65.1 25.7 120 67 
2 M 68 1.83 85.1 25.2 112 71 

(Years) (m) h) (mm Hg) (m Hg) 

- .. .~ 
3 M 49 1.68 76.3 27.0 122 79 
4 F 3 - 1.68 - 75.5 - 26.6 E! - 72 

. Mcan 57 1.70 75.5 26.1 126 72 
* =The study pdcipmts met the following critaia: steady post-operative state, age 20-70 years, blood pnssure 100/60-150/90. 
body mass index 20-27 kgtrn’, absence of glucose ca Wein in urine, and chmnic ilmstcma (Indication for large bowel &on 
MS ulmarivc colitis (UC)) with the operation occuning at least one year prior and profaably three y m  F o r .  Crohn’s Disease 
(CD) patimts wcn eligible but had lo be in mission forthrec ycars. For UC and CD patiat el@bilky, the minimum amounl of 
ilmm removed during resection could bc no more than 7.5%.); BMI -body mass index: BP = blood ~resmn, HK = mmuw: ke 
=kilograms. m = meters. 

All participants had fasted for at least ten hours prior to study commencement. On the morning 

on the study, subjects consumed two portions of a semi-liquid breakfast, each portion containing 

50 g sucromalt syrup (sucrose:maltose = 9: 1.8 1.56% dry solids) dissolved in 200 g low fat fruit 

yogurt; consumption of the two portions was separated by one hour. Over the first six hours, the 

subjects did not consume food, however, drinking water and tea were allowed. After six hours, 

the subjects consumed a lunch with the amounts of each food in the lunch, and their dietary fiber 

contents, recorded. Ileostomy effluent was collected and bzen at hours 2,4,6,8,10, and 12 

following consumption of the test sucromalt solution. During analysis, the weights of all frozen 

samples were determined prior to pooling of samples into Pool 1 (baseline samples); Pool 2 

(samples h m  2,4, and 6 hours), and Pool 3 (samples from 8,10, and 12 hours). The pooled 

samples were analyzed by HPLC for hc tose  content before acid hydrolysis, and for glucose and 

maltose content after acid hydrolysis. The levels of fructose, glucose, and maltose, measured as 

percent of ileostomy effluent weight, are shown in Table 20 (NutriSoience, 2004)?4 

(The remainder of this page is intentionally blank.) 

0 0 0 0 ’ 7 0  
The hictose content was analyzed before acid hydrolysis because a substantial amount of the nondigested 

hlctose present in the test pdwt  wa$ altered into 5-(hydroxpnethyl)-2-furatdehyde and hydroxyacetylfuran 
Monovcr, the coclution of an unknown compound with hctose made direct quantification impnssible. Acid 
hydmlysis was pcrfomedin order to hydrolyze nondigeated oIigosaccWts present in the test product into their 
nspcctivc mono- and d h c M d e s  (glaoose andmaItbm), thus facilitating quantification. Tmment with 0.24 mol 
HCI fin 4 hours was sufficient to obtain Complcn hydrolysis of sucromdt 

Carpll, fncapomtcd. 
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Table 20. Determination of carbohydrate content in freeze-dried ileostomy effluents (NufriSuence, 2004) 

Pooled sample Subject Maltose Glucose Fructose Total carbohydrates 
# 8 (“h of effluent (% of efflucn( (% of effluent aRer hydrolysis 

weight) weight) weight) (% ofemuent 
weight) 

1 (Hour 0) I 0.67 8.62 3.13 12.42 
2 0.72 9.36 0.90 10.98 ~ 

3 0.77 7.68 0 9 1  9.42 
4 0.88 6.94 1.80 9.62 

2 (Hours 2,4 and 6) I 2 35 
2 3.01 

29.64 1.96 
37.10 2.89 

33.95 
43.00 

3 5 16 35.81 3 82 44.79 
4 3.00 46.65 3.70 53.35 

3 (Hours 8, IO and 12) 1 2.21 
2 1.68 

27.13 3.00 
20.24 1.67 

32.34 
23.59 

3 1.53 19.34 0.00 20.87 
4 1.36 23.51 1.56 26.43 

The levels of carbohydrates recovered in ileostorna fluid were compared to the levels of 

carbohydrates ingested to determine absorption and excretion. Absorption (“A) was calculated as 

(amount ingested - amounts recovered) / amount ingested X 100. Excretion was calculated as 

(amounts recovedamount ingested) X 100. The results of these calculations are provided in 

Table 21 and indicate that sucromalt is well digested. 

Table 21. Excretion and absorpbion of sucromalt (NulriSdence, 2004) 

Subject Excretion in Fiber content m Excretion corrected % % 
ileostomy effluent lunch for dietary fiber Excreaon Absorption 

(mams) (grams) (ptams) 
1 17.4 10.6 8.3 - 91.1 

10.7 9.5 1.5 98.5 1.2 2 
3 10.1 7 . 1 - -  3 .. 3.7 96.3 

11.2 - 7.1 - 5.1 94.9 4 
Mean 12.4 8.58 3.8 4.6 95.4 

6.8 I_ 
__ -” - .__ 

- 

7.4.3.2 Absorption in noma1 subjects 

Using a randomized, crossover, double-blind design in each of two separate studies,5s Grysman 
er al. (2007) examined the postprandial effects of ingested sucromalt, high-fructose corn syrup 

Thesc studies wen conductedat two separate facilities. me first study oocurred at G.I. Tqting, Inc. (Tomnto, 
Ontario, Canada, htto://www.aitestina.cod) a firm SpOdiaIizing in glycemic index testing. ‘The second studywas 
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FNCtosC (p) 21 21 
Glucoss (pnt) 29 0 
Glucose ofig0saccharide.s (gm) 0 25 
L.eucmsc: (gm) 0 4 

Total (gm) 50 50 
Inulin (gm) - _ _  - - 

In the first study, baseline breath and blood samples were taken immediately before subjects 

consumed the 50 g of test substances in 250 ml water (plus 250 ml of water only); additional 

samples were taken at 0.25,0.5,0.75,1, 1.5,2,3 and 4 hours following test substance intake. 

Expired air was collected in 10 ml evacuated glass tubes for examination of breath hydrogen and 

blood was collected in fluoro-acetate tubes for determination of plasma glucose and insulin. (The 

34 33 35 
46 0 21 
0 40 0 
0 7 0 
n - 0 - 24 
80 80 80 

conducted at St. Michael's Hospital (Toronto, Ontario. Canada; h~:llwww.s~ichaelshosDital.com/), whch is 
affiliated witbthe Univ&sity of Tomnto. 
%Because humans do not aUsorbinuli a mixhue of inuIiin, gluwse and fructose (see Table 22) was used to 
pre.se.ut a model of iacompkte CarbohydIatC absorption (Grysman et al., 2007). 

bactc+l fcnnentation will be a b h e d  actoss the gut epithelium and transpMted to the respiratorymt for 
exhalation. Thus, if a substailce is poorly absorbed yet can still be used as a substrate for gut fermentation, its 
absorption propWes relative to other substances can bc approximatea by measuring and contrasting the amounts o f  
exhaled hydrogen associatad with achinpested Bubstance. Snbstnnccs that are poorly absorbed (e.g., inulin) will 
$tit greater mounts of bnathhydr~enihao will snbstances'that are well absorbed (e.g., HFCS and mommalt). 

pmhdin to insi~lin, cpeptide is moved (Sfedmhu's~oplinc Medical Dictionary, 27thEdition, 2007; 
htm://~.stedmans.cotnlscction.ofmMZ Site visited05 March 2008.) 

GLP-1 is B gk$i+o$tesW hormone that slows gastric emptying and stimula~ insulis secretion. (Stedman's 
Onlinc Mtdichl D3cfionnty. 27th Edition, 2007; Wllwww.stedmans.wd~tiom/seotiollofml45, Site visited 02 January 
208)  

% theorybchina evaluating thiS,*ldpoinc is that some hydrogen gas that is normally produced by intestinal 

Gpcptide is a 30-amho-adid ~haia in proinsulin that connects the A and B chains of insulin; during conversion of 

19 
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blood collection method employed in Study 1 necessitated that glucose and insulin could only be 

meamred inplasma.)60 

The primary purpose of the second study was to examine the absorption characteristics of the test 

substances. In this study, baseline breath and blood samples were also taken immediately before 

test substance intake. Five male and five female subjects (25.2 i 1.7 years old; BMI = 23.7 f 5.2 

kg/mz,. Subjects consumed the 80 g of test substances in 360 ml of water (plus 500 ml of water 

only). Expired air and blood were collected at the same time points as in Study 1 but the blood 

collection apparatus differed. In this study, blood for analysis of glucose, insulin, c-peptide and 

FFA was collected in Vacutainefl serum separator tubes containing clot activator and polymer 

gel silica activator. (This collection ptocedute allowed for endpoint analysis in serum; however, 

it eliminated the abiIity to determine the target analytes in plasma$’’ For GLP-1, blood was 

collected in 6 ml Vacutaind tubes containing potassium EDTA, which allowed the analysis to 

be done in plasma. The results of these various measurements, in incremental areas under the 

dose-response curve, are presented in Table 23. 

(The remainder of this page is intentionally blank.) 

Personal commonicatim with Dr. T.M.S. W o l e ~ ,  Univnsity of Toronto. 03 March 2008. 
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Table 23. Incremental areas under the curve (AUC) after test substance consumption. 

( m o l  x min P) 

( m o l  x min Y’) 

I Serum glucose 0-2 - __ 
(mol x min r’) 

0-4 _. - 
I Scruminsulin 0-2 _ _  - 

(mol x min r‘) 
04 __ -_ 

Senun c-pephde 0-2 -_ ._ 
((m~ x min 1.’) 

04 - - I PlasmaGLP-I 0-2 - - 
(pnlol x min r‘) 

0-4 -_ _- 

0-4 l l 9 f  14’ 8 1 i 2 5 b  

0-4 17.1*3.9’ 8.7f.17‘ 

I ~hsmainsdin 0-2 16.9f3.9‘ 8.4f 1.7b 

I Breathhydrogen 0-2 2 3 3 i  I36 2 6 2 i  171 

0 4  347 f I65 541 f 325 
@pm/min) 

L’=means with diffaingsupxcripts M significantlydiffermt from 

gglJyJ Studya 
Parameter AUCtime HFCS Sucromalt HFCS Sucromalt “IIlUlin” 

I ~lasmaghcose 0-2 117i14’ 63s 11’ I -. ._ _ _  (hr) 

-_ _ _  - 
_- - _ _  

I __ __ 
192 f 26 I72 f 17 130f21 

193 f 26 187f23 147 f 30 
41.9A4.6’ 31.1 f4.Sb 23.9f3.1’ 

43.1 i4.7’ 34.8 f 5.1’ 24.8.+3.Ib 
219*34 180 f 30 135 f 20 

262 i 49 221 f 35 159 f 22 
334 f 95‘b 606f 119’ 173 f 63b 

4471 123b 861 f 163’ 230 f 96b 
1410 f 99Sb 413 f336b 4270 f 948’ 

2950* 1330b 717f S77b 12,600f 1490’ 
each other, PCO.05; GLP-I = glucagon-likepeptide-I; HFCS 

The results from Study 1 demonstrate that de$pite similar gastrointestinal absorption (measured 

by breath hydrogen), lower glycemic and insulindc responses occurred after sucromalt 

consumption compared to HFCS, findings that are supported by the blood glucose and glycemic 

index measurements shown in Table 3 (GIL, 2005). The glucose and insulin results from Study 2 

are less convincing of that relationship. The only observed significant difference in Study 2 
occurred for serum insulin during the first two hours of sampling, a finding perhaps due to 

measurements being made in serum rather than in plasma as in Study 1. The observation that 

serum c-peptide levels were effectively the same indicates its poor kuitabiiity as a marker for 

differences in gut absorption, at least for the three subject test substances examined in the study. 

Regarding breath hydrogen measurements in Study 2, the apparent numerical disparity between 

HFCS and summalt suggests that their absorptions were different; however, with standard error 

values factored in, there were no statistically significant differences in breath hydrogen values 

between the two treatments. Equally important was the finding that breafh hydrogen values after 
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consumption of the inulin mixture were always much greater than either HFCS or sucromalt, 

thereby indicating that neither carbohydrate was malabsorbed in this study. 

GLP-I is a potent insulinotropic substance that is synthesized by intestinal L cells and in rats and 

humans; the greatest number of L cells are located in the distal ileal epithelium (Brubaker, 1991). 

Krause et al. (1982) demonstrated that slower digestion occurs for carbohydrates traversing 

furthest down the gut before being absorbed and Juntunen et al. (2003) further showed that these 

more distal gut absorptions stimulate a late rise in plasma GLP-1. With this as background, the 

highest GLP-I values would be expected to result following consumption of foods that have the 

slowest digestion and this is cleady'demonstrated by the GLP-I values presented in Table 23.. 

Based on the results of Study 2, the investigators concluded that the reduced glucose and insulin 

responses brought about by sucrornalt cannot be explained by malabsorption and are most likely 

associated with either digestivelabsorption rate differences or postabsorption processing by the 

body (Grysman et al., 2007). 

7.4.3.3 Gastrointestinal effects in triathletes 

The effects of four different sport drinks containing sucrornalt, isornaltulose, sucrose or a 

isomaltuloseltrehalose6* mixture on gastrointestinal well being were evaluated in triathletes 

during 90 minutes of running and also during 120 minutes of cycling.(NutriScience, 2005). In 

the running phase, 42 healthy subjects (36 males, 6 females; ages 21-68, mean 44 f 12 yrs; bwt: 

74.5 f 10.6 kg; BMI 23.9 f 2.4) participated and in the cyclingphase, 46 healthy subjects (44 

males, 2 females; ages 21-68, mean 42 f I4 yrs; bwt: 72.5 f 9.8 kg; BMI: 23.5 f 2.7) 

participated. Nineteen subjects participated in both trials. The constituents of the various test 

sport drinks consumed by runners and cyclists are shown in Table 24. The control sport drink 

was the one containing sucrose. 

(The remainder of this page is intentionally blank,) 

61 Tmhalose is a disaccharide ma& of two glucose units with an a-1,l glycosidic linknge (ChemIDptus Advanced, 
2007c CMCstar, 2007), 



Table 24. Constituents of sport drinks coesumed by triathletes (NutriScience, 2005) 

“Sucromait” “Sucrose” “lsomal~lose” “Isomaitulosd~ehalosc” 
Comtituehts % % % % 
SUGIUmalt 12 0 0 0 
Sucrose 0 9 0 0 
Isomaltulose 0 0 10 6 
nehalose 0 0 0 4 
Water 88 - 91 - 90 - 90 
Total 100 100 100 100 
Cihic acid 81 0.1% and orange flavor atO.lS% w ~ e  included in all mixtures 

During the running phase, a total of 600 ml was consumed by each participant, 150 ml at each of 

four approximatdy equally spaced &e during a run of approximately 90 minutes. In the 

cycling phase, a total of 800 ml was consumed by each participant, in increments of 150 ml, 325 

ml and 325 ml. Following each exercise, subjects answered three questionnaires; the first 

questionnaire dealt with the effeds of the test substances on taste, aftertaste, sweetness, mumess, 

bitterness, mouth feel, freshness and its ability to quench thirst; the second questionnaire dealt 

with physiological experiences during the exercise, and included bloated feeling, stomachache, 

stomach cramps, vomiting, intestinal cramps and flatulence; the third addressed experiences after 

exercising and also included questions on gastrointestinal activity including diarrhea, burping, 

heartbum or mucus formation. The questionnaire scores were analyzed for differences compared 

to the sucrose control using statistical methods that included a Wilooxon Signed Rank test, a 

Friedman test, and a Mann Whitney test. Although there were differences noted among the test 

substances regarding taste and sweetness during and after both running and cycling, there were 

no differences in gastrointestinal complaints compared to the sucrose control drink and there 

were no adverse effect complaints associated with any test substance. 

The intent of this study was to simply identify if any test sugar produced discomfort. Thus, the 

test report did not specify the exact amounts of test sugars consumed by runners and cyclists; 

however, these amounts can be estimated based on thepercentages of constituents in each 

solution consumed (Table 24), which are approximately equal to 10 g/l. Those estimated 

amounts of consumed test sugars are presented in Table 25 (Nutxiscience, 2005). 

(The remainder of this page is intentionally blank.) 
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Table 25. Calculated amounts of test sugars consumed by runners and cyclists (NutriScience, 2005) 

- Runners @&&' 
Amount Avaage Daily Amount Avadge Daily 

consumed bw consumption consumed bwi consumption 
(g/dUY)* (kd (mg/kg/day) @/day) (kg) WWkY) 

Summalt 12 14.5 0.001 96 12.5 0.0013 
(12%) . ,  

Sucrose 54 74.5 0.0007 72 12.5 0.001 

Isomaltulose 60 14.5 0.0008 80 12.5 0.001 

Isomaltulose 36 14 5 0.0005 42 12.5 0.0006 

Trehalose 24 14.5 0.0003 32 12.5 0.0004 

(9%) 

(1'0% ) 

(6%) 

(4%) 
* = tun~unts cowed calculated by multiplying the percentages of sugars in each test drink by 10 and then 
multiplying that number by the number of  liters consumed, Le., 0.6 1 by m e n  and 0.8 1 by cyclists; bwt = body 
weight 

7.4.3.4 

The comparative effects of sucromalt, isomaltulose, trehalose, glucose, and sucrose on human 

postprandial blood metabolites and hormones as well as on substrate oxidation rates were 

evaluated in10 overweight but othenvise healthy men and women (two females, eight males, 

ages 22-55 years, 31.1 i 4.1 yrs; wt: 89.7 * 4.1 kg; BMI: 27.7 * 0.8 Wmz) (Cerestar, 2007). 

Following an overnight fast, subjects consumed the test substances at 8:OO AM and again at 1 :00 

PM as part of a standardized lunch63 that provided 50% of measured 24-hour resting energy 

expenditure. The test substances were administered randomly, oneper day, as aqueous mixtures 

with a carbohydrate load of 75 anhydrous equivalents in 400 ml of water. Substrate utilization 

and energy expenditure. were measured by indirect calorimetry64 before and for three hours after 

each moming and lunchtime exposure to the test substances. Expired air was collected hourly for 

the calculation of exogenous carbohydrate oxidation and blood was collected at post-exposure 

hours 0.5, 1, 1.5,2 and 2.5 for determination of circulating metabolites and hormones, including 

Effects on postprandial glycemia and insulinemia 

63 The macronutnent composition of the standardized luwhes was 55% carbohydmte, 15% fat and 30% protein, 
with 25% of the carbohydrate portion being in the form ofthe test carbohydrate ingested at 8:OO the same moming 
6( Measured usmg instrumentation manufactured by Omnicat, a company that mandactures reaction 
micmcaloxitnem and caiorimetth reaction systems for the pharmaceutioar and chemical industries to enable early 
process screening, prows development, and reactive hazstds esswsment. The technology is based 5n hciattlow 
m i c d o d m e h y , ~ ~ t i o n ,  and parhllel experimentation that allow rapid p-s evsluation at sinall scales. 
(lmc//www.omnfc&h.cod. Site visited 09 Novembar ZOO?.) 
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h 

glucose, insulin, free fatty acids and biacylglycerol, and the satiety peptides ghrelin6' and GLP- 

1. The effects of sucromalt compared to sucrose are presented in Table 26. Parameters for which 

there were statistically significant differences between sucromalt and sucrose are denoted with an 
asterisk in the first column; therespective P values are presented in the second column. 

Table 26. Effects of sucromalt compared to sucrose on various metabolic parameters compared to sucrose 
(Cerestar, 2007) 

Parameter Observation 
Glycemic response' Lowered glucose peak compared to sucrose in both AM and PM. 

Lowered AUC compared to sucrose in PM but not in AM 

Lowered insulinemic peak compared to sucrose in AM but not in PM. 

No di$erenm compared to sucrose in AM or PM 
No di&rcncar compared to mcrose in AM or PM 
Higher peak energy expenditure compared to sucm~c dunng PM 

No $fferences compared to sucrose in AM or PM 
No differences compand to morose in AM or PM 
Greater response compared to sucrose in AM and PM 

Greater rcsponrc compared to sucrose in AM and PM 

Lower response compared to sucrose in AM 

(AM: M.00; P M  P4.034) 

(PM W.01) 

(PM W.00) 
Insulinemic response' 

Free fatty acid response 
Triacylglycml response 
Jhergyexpen&ture* 

Respiratory quoheni 
Total carbohydrate oxidation 
Exogenous carbohydrate 
oxid8tion' (PW %'=0.023) 
Fat oxidation' 

Ghrrli' 

(PM: W.049) 

(AM: W.00; P M  P4.009) 

(PM: P=O.O18) 
GLP-1 NO dit~'crcnccs co&ami to sucrose in AM or PM 
AM = morning, f~llowing the 8:OO exposure; AUC =ma under the dose-response c u m ;  GLP-I = glucagon-like 
peptide-1; PM = afternoon, following the 1:OO exposure. 

These findings support previous observations of lowered glycemic and insulinemic responses 
following sucromalt intake compared to sucrose intake. There were no reported adverse events 
by study participants' in response to any of the evaluated test substances (Cerestar, 2007). 

(The remainder of this page is intentionally blank.) 

65 A gastmintestinal hormone prcduced by stomach fundal epithelial cells. They appear to stimulate appetite and 
fouling a s 4  as growth hamone d o n  from the anterior pituitary. (Dictionary. mu. 
htfmJ/dictim.s ference,codseareh?a=ebrclin&~66. Site visited 02 January 2008.) 
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8.0 EVALUATION 

Cargill has developed sucromalt, a product derived from sucrose and maltose that is intended for 

use as a low glycemic carbohydrate in various food products. Sucromalt is prepared using 

altemansucrase, which transfers the glucose moiety from sucrose, making it available to form 

oligosaccharides with maltose to which it is joined by a-(1+3) and a-(1+6) glycosidic 

linkages. The raw materials used in the production of sucromalt are of food-grade purity and are 

safe. Sucromalt contains 3545% fiuctose, 7-15% leucrose, S% other mono- and disaccharides, 

and >40% higher oligosaccharides, all determined on a dry weight basis. Sucromalt has a 

glycemic index that is approximately 65% that of high fructose com syrup, which is thought 

attributable to the slower digestibility of a-(1,3)- and ~-(1,6)-linked glucooligosaccharides. 

The safety of summalt is supported by (1) the long-time safe presence of its constituents 

(glucose, hctose, maltose, leucrose, and oligosaccharides) in the human diet, (2) the digestion 

of these saccharides by normal metabolic pathways, and (3) the corroborative findings of in 

vitro, animal and hum& studies. Fructose and maltose, for example, are naturally present in the 

human diet in varieties of corn syrup, substances considered G U S  by the FDA with no 

limitations other than cGMP; and leucrose is a component of honey. The digestive and 

absorptive characteristics of summalt's components and breakdown products are well 

understood and are described in the published scientific literature as well as in standard 

biochemistry textbooks. 

The results of in wifro and in vivo studies suggest that sucromalt is well digested, and the 

oligosaccharides present in sucromalt, which are slowly digested and absorbed, are not expected 

to result in adverse effects following ingestion; an expectation supported by human studies. Any 

undigested sucromalt oligosaccharides are not expected to be of toxicological concern because 

they are composed of naturally occurring monosaccharides and disaccharides - also fermented 

naturally by endogenow bacteria - which, if not digestdmetabolized to short-chain fatty acids, 

will be excreted in the feces. Although nondigestible Oligosaccharides may contribute to 

gastroiritestinal discomfort (e.g., bloating, stool softening) in some individuals due to their high 
fermentation rate and osmotic properties, these effects are common to all nondigested or 

fermented dietary substrates and should not be considered unique to sucromalt 
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Sucromalt was not mutagenic in the Ames bacterial mutagenicity assay. There were no adverse 

macroscopic, microscopic or clinical chemistry findings suggestive of toxicity following 

administration of dietary sucromalt to male and female rats for 28 days at levels up to 19,800 

gkglday in females and 18,560 mgkglday in males; these leveIs are the NOAELs and were the 

highest doses tested.66 No signs of malabsorption (measured via breath hydrogen) were observed 

in a clinical investigation in which ten healthy subjects were administered single doses of either 

50 g or 80 g sucromalt. In addition, sucromalt was well tolerated by triathletes duringrunning 

and cycling, with no differences is gastrointestinal effects compared to sucrose, isomaltulose and 

an isomaltulosdtrehalose mixture; sucromalt also had no effect on human postprandial glycemia 

and/or insulinemia. The estimated meanper capifa and eaters-only daily intakes of sucromalt are 

890 and 1090 mgkdday, respectively, and the 90* percentile eatemonly intake is 2540 

mgkglday. These estimates are approximately 20.9-fold, 17-fold and 7.3-fold less, respectively, 

than the male rat NOAEL of 18,560 rngkdday, the highest dose tested in a 28-day feeding 

study. Because sucromalt (1) is intended to replace traditional carbohydrates in food, (2) is 

composed of the same saccharides found in those traditional carbohydrates, and (3) does not 

confer different absorption, distribution, metabolism and elimination (ADME) characteristics to 

those saccharides, it is reasonable to compare daily consumption estimates of sucromalt and 

traditional carbohydrates to gain a better understanding of their relative expected contribution to 

daily human consumption. In this case, the common metric of mean per capifa consumption 

exists for each. Comparing these data shows that the meanper capita consumption estimate for 

sucromalt (i.e., 890 mgkglday) is approximately 30% of the USDA-derived meanper capita 

consumption estimate of cane and beet sugar, high fructose corn syrup, glucose syrups and 

dextrose (ix., 2933 mglkg/day). Because (1) summalt's predominant constituent carbohydrates 

are the same as currently consumed carbohydrates, and (2) the ADME characteristics of both are 

the same, one can conclude that the replacement of sucromalt for those traditional dietary 

carbohydrates$ which are consumed in much greater quantities than comparable estimates of 

sucromalt consumption, will not result in harm. 

Because iheae NOAEL's represent the highest concentration tested in the 28-day feedmg study, coosidering the 
lack ofany obwnmd toxic e-, they may vny well have been highat if'a bigher wpcrimsntal summalt 
COllCCfltratjotl beGn fed in that Btudy. 
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9.0 EXPERT PANEL CONCLUSION 

The undersrgned, an independent panel of recognized experts (the “Expert Panel”) qualified by scientific 

training and relevant nationaVinternational experience to evaluate the safety of food Ingredients, was 

commissioned by Cargill, Incorporated, to determine whether the proposed use of sucromalt in vanous 

foods with no limitations other than current Good Manufacturing Practices (cGMP) would entail a 

reasonable certainty of no harm and could be considered Generally Recognized as Safe (GRAS) through 

scientific procedures Sucromalt contains 3545% fructose, 7-15% leucrose. g 0 A  other mono- and 

disaccharides and 40-60% higher oligosaccbandes. It is derived from the reaction of nine parts sucrose 

and one part maltose catalyzed by altemansucrase, a food-processing enzyme derived fTom Leuconostoc 

cirreum, or a recombinant strain of Bucillrr lichenifomis, both organisms which have well established 

safe strain lineages. The Expert Panel, individually and collectively, cntically evaluated a compilation of 

published and unpublished sucromalt documentation supportive of a GRAS determination, as well as 

other documentation deemed applicable The members of the Expert Panel conferred by telephone on 

several occasions and unanimously concluded that the intended uses of sucromalt, meeting appropriate 

food grade specification and manufactured and used consistent with cGMP are safe and suitable and 

Generally Recognized As Safe (GRAS) based on scientific procedures. The basis for these conclusions 

includes the safe strain lineage of organisms involved in enzyme production, negative Ames assay, 28- 
day rat study with NOAELs of 19,800 mgkglday (females) and 18,560 mgkglday (males), 
uncomplicated human digestion via well-established metabolic pathways without adverse effects, current 

safe consumption of constituents, and intake estimates much lower that current carbohydrate 

 
Michael W. Pariza. Ph.D.. 
Michael W. Pariza‘&n~ting LLC 

Caall ,  incorporated 
April 30,ZWX 

I 1  1/2, 4h 0 8 
Date 

0 0 0 0 8 1  
Page 67 of I I5 



10.0 SA.FE LINEAGE EVALUATION OF LEUCWAVSTOC CITREcrM STRAINS 

After critical evaluation of the discussion herein regarding Leuconostoc species production 
strains, the taxonomy, fermentation profikand morphology of the mutant strains of L. citrmtnz, I, 
Michael W. Pariza, Ph.D., conclude that safe strain lineages for L cifretrm strains NRRL B- 
1355, B-21297, B-30821 and B-30894 are l l l y  demonstrated. 

11 h 4 , !  dcf 

Michael W. Pariza, Ph.D. Date 
Michael W. Pariza Consulting LLC 
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Cichorium intybw L. -Chicory, Succory, Witloof 

Allium cepa L. - Onion, Shallot 

Curcuma langa L. - Indian Sa&on. Turmeric 

Tamarindus indica L. - Indian Tamarind, Krlytree. Tamarind 

Asimino m'10bQ (L.) DUN& -- Pawpaw 

Cerafonra diqua L. --Carob, LocustBcan, StJohn's-Bread 

Solanum nigrum L. -Black Nightshade 

Prunus Cerasus L. - Sour Cherry 

Pnanus domesfica L. -Plum 

Malus domestzca B O W .  -Apple 

Vaccinium vitis-idaea var. minus LODD -- Cowberry, Lingen, h g  

Mannyera indica L. --Mango 

Opunfiaficus-indica (L.) MILL. - In&m Fig, N 

Ribes uva-crispa L. - Gooseberry 

Ribes nigrum L. -- Black Currant 

Mwa xparadisiaca L. -Banana, Plantain 

Arnica manfana L. -- hpard's-Bane, Mountain Tobacco 

C i w  sinemis (L.) OSBECK - Orange 

Ananas wmosus 6.) MERR. -- Pineapple 

Figueira (Port.), Figuier Comun (Fr.), Higo (Sp.), Higuenr Comun (Sp.) 

Lycoris radiata HERR - Spider Lily 

Pa/ypodiwn Vulgate L. - CommonPolypody, Sweet Fern 

Humulus lupulus L. -Hops Fruit 1 

- 

ppm 1992 

ppm 1992 
21,000 Duke, 
Ppm 1992 

1992 

Bulb 

Rhizome 

20,ow Duke., 

uaitlty /Reference Species 1 Pnrt IQ - ke. 

'92 
Ike., 
,92 
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Ribes rubrum L. -- Red Currant, White Currant 

Physalb ixacarpa BROT. --Tomatillo 

Spondiaspinnafa L. -- YellowMombin. Yellow Plum 

Phoenix dacty@ra L. - Date Palm 

Phytolacca americana L. -Pokeweed 

- __I____ ___. 

____- 
Wtioim aestivum L. --Wheat 
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APPENDIX 2. FOODS INCLUDED IN CONSUMPTION  ESTIMATE^' 
CONCENTRATION 

SPECIFIC FOOD DESCRIPTION ,w, , 70, 
~~~~~ 

3 Milk, cow's, fluid, filled w/ veg oil, ns as to fat 
Milk, cow's, fluid, filled w/ veg oil, whole 

cow's, fluid, filled w/ veg oil, lowfat 
Milk, condensed, sweetened, undiluted 
Ma condensed, sweetened, diluted 
Milk, imitation, fluid, soy based 
Milk, soy, ready-to-drink, not baby 
Millg soy, ready-tp-drink, not baby's, chowlate 
Milk, imitation, fluid, nonsoy, sweetened, not chocolate 
Yogurt, us as to type of &flavor 
Yogurt, vanilla, lemon, coffet, ns as to milk type 
Yogurt, vanilk, lemon, coffee. whole milk 
Yogurt, vanilla, lemon, coffee, lowfat milk 
yogurt, vanilla, lemon, coffee, nonfat milk 
Yogurt, vanilla, lemon, eo&, nonfat milk, low cal Sweet 
Yogurt, chocolate, ns as to lype of milk 
Yogurt, chocolate, whole milk 
Yogurt, chocolate, nonfat milk 
Yogurt, fruit variety, ns as to milk type 
Yogurt, fruit variety, whole milk 
Yogurt, fruit variety, lowfat mllk 
Yogurt, h i t  variety, nonFat milk 
Yogurt, fruited, nonfat milk, low cal sweetener 
Yogurt, fnut & nuts, ns as to type of milk 
Yogurt, h i t  & nuts, lowfat milk 
Yogurt, frozcn, ns as to flavor, ns (0 type of milk 
Yogurt, frozen, not chocolate, type of milk os 
'Yogun, frozen, chocolate, type of milk ns 
Yogurt, frozen, lls as to flavor, lowfat milk 
Yogurt, frozen, chocolate, lowfat milk 
Yogurt, frozen, not chocolate, lowfat milk 
Yogurt, frozen, ns as to flavor, nonfat milk 
Yogurt, hzen, chocolate, nonfat milk 
Yogurt, hzen,not chocolate,w/ sorbetkorbet-coated 
Yogurt, frozen, not chocolate, nonfat milk 
Yogurt, frozen, us as to flavor, whole milk 

3 
3 
15 
15 
5 
2 
S 
5 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

6' U.S. Lkparimentof A g r i c d u ,  Agricdtw Research Service (2006) what We Eat In America, NHANES 2003- 
2004; DocumcntatiOn and pa@ Files. Available: bnpJ/m.ars.usda.gov/ba/hWfsrg and 
h t t p : / / ~ . c d c . g o v / n ~ o v l n o h s / a b o u t l m a j o r / n h a n .  
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SPECIFIC FOOD DESCRIPTION 

Yogurt, fiozen, chocolate, whole milk 
Yogurt, &Zen, not chocolate, whole milk 
Yogurt, frozen, chocolate-coated 
Yogurt, h z e q  carob-coated 
Yogurt, frozen. sandwich 
Yogurt, frozen, cone, chocolate 
Yogurt, fiozen, cone, not chocolate 
Yogurt, frozen, cone, not chocolate, lowfat mlk 
Yogurt, fro& cone, chocolate, lowfat milk 
Mxk, chocolate, nfs 
Milk, chocolate, whole milk based 
Mik, chocolate, red fat, 2% 
Milk, chocolate, skim milk based 
Milk, chocolate, lowfat milk-based 
Spanish-style hot chocolate drhk, puerto r i a  style, made 
Cocoa & sugar mixture, skim rmlk added 
(3hocolate syrup mlk added, ns as to type of milk 
Chocolate syrup, whole miIk added 
Chooolate symp, red fat milk added 
Chocolate syrup, lowfat milk added 
Chocolate syrup, skim milk added 
Milk beverage, not chocolate, w/ whole milk 
Milk, not chocolate, whole milk based 
Milk, malted, unfortified, flavor IIS 
Milk, malted. unfortified, chocolate flavor 
Milk, malted, unfortified, choc, made w/ skim milk 
Milk, malted, unforhfied, natural flavor 
Milk,malted,fortified,natural flavor (incl ovaltine 
Milk, malted, fortified, chocolate (incl ovaltine) 
W malted, fottified, (incl ovaltine) 
Eggnog, made w/ whole milk (include egg nog, nfs) 
Eggnog, made w/ 2% reduced fat milk 
Milk shake, 11s as to flavor or type 
Milk shake,homemadel fountain-type, IIS as to flavor 
Milk shake, homemade or fountain-type, chocolate 
Milk shake, homemadelfountain-type, not chocolate 
Milkshake with malt (incl malted milk w/ice cream) 
Milk Shake, made w/ skim milk, chocolate 
Milk shakemade w/ skim milk not chocolate 
Carry-out milk shake, 11s as to flavor 
Carry-out milk shake, chocolate 
Carry-out milk shake, not chocolate 
Milk fiuit drink (incl licbado) 
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15 
15 
15 
15 
15 
15 
15 
15 
15 
IO 
10 
10 
10 
IO 
5 
10 
25 
25 
25 
25 
25 
5 
5 
10 
10 
10 
10 
IO 
IO 
10 
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8 
I I  
11 
11 
I I  
11 
11 
11 
11 
11 
11 
11 
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SPECLFIC FOOD DESCRIPTION 

Orange juhus 
Fmit smoothie drink, wl fruit and dairy products 
Fruit smooke drink, nfs 
Choc-flavored drink, whey-&milk-based(inc1 yoo-hoo) 
Milk drink, whey&milk-base, not choc (mcl yoo-hoo) 
Cafe con leche prepared wf sugar- 
Cream, heavy, whipped, sweetened 
Cream, whpped, pressurized container 
Whipped topping, dairy based, fat fke, pressurized containe 
Creamsubstitute, N as to frozen,liquid or powder 
Cream substitute, h z e n  
Cream substitute, liquid (include coffee whitner) 
Cream substitute. tight, liquid 
Whipped topping, nondairy, N as to cnd/bz/powder 
Whipped topping, nondairy, pnssurizbd can 
Whipped topping, wndaii, frozen (mol cwl whp) 
Whipped topping, nondaj: fzn, lowfat (incl cool) 
Dip, sour cream base (include buttermilk-type dip) 
Dip, sour cream base, reduced calorie 
Ice cream, nfs 
Ice cream, regular, not chocolate 
Ice cream, regular, chocolate 
Ice cream, rich, flavors other than chocolate 
Ice cream, rich, chocolate 
Ice cream, nch, 11s as to flavor 
Ice cream, sofl serve, not chocolate 
Ice cream, sofl serve, chocolate 
Ice cream, sofl serve, ns as to flavor 
Ice cream bar or stick, not choc- or cake-covered 
Ice cream barlstick, chocolate covered 
Ice cream bar, chocolatdcaramel covered, wl nuts 
Ice cream bar,rich choc ice cream,thick choc cover 
Ice cream bar,rich ice cream,tbick choc cover 
Ice cream bar/stick,rich ice creanqchoc cover,w/nut 
Ice cream barhtick, choc ice cream. choc cover 
Ice cream bar, cake-covered 
Ice cream barfstick w/ h i t  

Ice cream sandwich 
Ice cream cookie sandwich (include chipwch) 
Ice cream cone, w/ nuts, not chocolate 
Ice cream cone, choc-cwered, wl nuk, not choc 
Ice cream cone, chocGovertd or dipped, not choc 
Ice cream cone, no topping, not Chocolate 
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5 
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7.5 
7.5 
5 
8 
8 
8 
I I  
11 
11 
11 
8 
8 
8 
8 
3 
3 
20 
20 
20 
20 
20 
20 
20 
20 
20 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
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9 
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SPECIFIC FOOD DESCRIPTION 

Ice cream cone, no topping, ns as to flavor 
Ice cream cone, w/nuts, chocolate ice cream 
Ice cream wne, choc-covered, choc ice creanl 
Ice cream wne, no topping, chocolate ice cream 
Ice cream cone, choc-covered, w/nut, choc ice cream 
Ice cream sundae cone (incl dramtick, all flavors) 
Ice cream soda, not chocolate 
Ice cream soda, chocolate 
Ice cream sundae, topping ns, w/ whipped cream 
Ice cream sundae, h i t  topping, w/ wlupped cream 
Ice cream sundae, prepackaged, not chocolate 
Ice cream snndae,chocoIate topping,w/ whipped cream 
Ice cream sundae, not h i d  choc top,w/ whip cream 
Ice cream sundae, fudge topping, w/ cake 
Ice cream pie, no crust 
Ice cream pie,cookie crust,fndge topping,whip cream 
Ice cream, fried 
Lt ice cmm, ns flav ( ice mlk) 
Light ice aam,not chocolate (formerly ice milk) 
Light ice cream,chocoIate (formerly ice milk) 
Light ice cream,soft serve. ns flavor (formerly ice milk) 
Light ice cream,wft serve, not choc (formerly ice milk) 
Light ice cream,soft serve choc (fast= frz, dairy quecn) 
Light ice crcam,soft serve conepot choc (dairy queen) 
tight ice cream,soft serve cone, ohoc (formerly ice milk) 
Light ice cream,soft serve cone, ns flav(former1y ice milk) 
Light ice crcam,sandwich (dairy qoeen) (formerly ice milk) 
Light ice cream,bar/stick, choc-coated (formerly ~ce milk) 
Lght ice cmm,bar, choc covered,w/nuts (formerly ice milk) 
Light ice cream,mne, nfs (formerly ice milk) 
Light ice cream,cone, not chooolate (fnrmerly ice milk) 
Light ice cmm,wne, chocolate (formerly ice milk) 
Light ice crwn,sundae,soft serve,chodfudge top (ice milk) 
Light ice crwn,sundae,soft serv4,hit toppug (ice milk) 
Light ice cream,sundae,soft servepot fmitlchoc topping 
Light ice creanqsundse,choc /fudge top (w/o whip cream) 
Light ice cream,sundae,fmit top (w/o whip cream)(ice milk) 
Light ice cnam,sundae,w Guidchoc top’(w/o whip cream) 
Light ice mam,creamsicle or dnamsicle (formerly ice milk) 
Light ice cream,fndgesicle (formerly ice milk) 
Milk dessertdarlstick, h z e n ,  wl coconnt 
Sherbet, all flavors 
Fat frcc ice CTCB~, flavors uther than choc 

C O N C m T l O N  
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SPECIFIC FOOD DESCRIPTION 

Fat free ice cream, choc 
Fat free ice cream, as BS to flavor 
Milk dessert bar, frozen, made fiom lowfat milk 
Milk dessert sandwich bar, frozen, d i e W  
Milk dessert sandwich bar,fiz,w/low-cd SWeeklOfat 
Milk des bar, h z e q  lofat milk&lo cal sweetener 
Light ice cream,bar/shck, w/ low-cd sweetener, choc coat 
Pudding, nfs 
Puddii, bread (include w/ raisins) 
Puerto rican bread pudding made w/ evap milk &rum 
Diplomat pudding, p.r. (budin diplomatico] 
Pudding, mexican bread (capbtada) 
Pudding, mexican bread (cnpbtada), lower fat 
Pudding, chocolate, rte, lls h m  dry mix or canned 
Rice flour cream, p.r. (majnrete, manjar blanco) 
Spanish custard, p.r. (naIiila eSpanOl) 
Pudding, not choc, ne, tls from dry mix or canned 
Custard 
Custard, puerto ncan style (flanf 
pudding, lice 
Pudding, tapioca,chocolate,made w/ milk 
Pudding, Mconut 
Pudding, indian (milk, molasses, cornmeal-based) 
Pudding, pumpldn 
P.I. pumpkin pudding (flan de calabaza) 
Pudding, can, choc, reduced f i t  (incl jell+ light) 
Pudding, c q  choc, fat free 
Pudding, canned, not choc, reduced fat 
Pudding. canned, not ohoc, fat free 
Pudding. canned, not chocolate 
Pudding, canned, chocolate 
Pudding. canned, choc & non-choc flavors combined 
Puddii, w e d ,  tapioca 
Pudding, w e d ,  tapioca, fat free 
Pudding, w/ h t  &vanilla wafers 
Mousse, chocolate 
Mousse, not chocolate 
Codomf custsrd, p,r. (flan de coco) 
Milk dessert or milk candy, p.r. (dulce de leche) 
B&u~Ii,indian dessctt,fmm mitklcredncotta 
TvamiSU 
HoiSin sauce 
Tofu yogurt 

CONCENTRATION 
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CONCENTRATION 
SPECIFIC FOOD DESCRIPTION 1%) 

Teriyaki sauce (include orienta1 barbecue sauce) 
Teriyaki sauce, reduced sodium 
Worcestershi sauce 
Tofu frozen dessert, not chocolate (incl tofutti) 
TOI~I frozen dessert, chocolate (include tofutti) 
Energy bars (like a power bar) 
Meal replacement bars (&e slim-fast) 
Bread, ns as to majorflour 
Bread, ns as to major flour, toasted 
Bread, homemaddpurch at a bakery, IIS as to flour 
Bread, homemaddpurch at a bakery, toastQs flour 
Roll, ns as to major flour 
Roll, us as to major flour, toasted 
Roll, homemaddpurch at a bakery, ns as to flour 
Roll, homemaddpurch at a bakery, toastd,~~ flour 
Roll, hard, ns BS to major flow 
Roll, bran, 11s as to type of bran 
Roll, bran, us as to type of bran, toasted 
Bread, cinnamon 
Bread, cinnamon, toasted 
B d ,  cornmeal and molasses 
Bread, cornmeal and molasses, toasted 
Bread, egg, challah 
Brcad, egg, chaUab, toasted 
Bread, lowfak 98% fat free 
Bread, lowfat, 98% fat frec, toasted 
Bread, reduced calorie/ high fiber, w/ fruithuts 
Bread, reduced caloriehi 6ber, w/fiuit/nuts,toast 
Bread, milk & honey (iclude mold's) 
Bread, milk & boney, toashd (mcludc amold's) 
Bread, raisin 
Bread, raisin, toasted 
Bread, aweetpotato 
Bread dough, Wed 
Roll, Cgg bread 
Roll, egg bread, toasted 
Roll, hoagie, submarine, 
Roll, hoagie, submatine, toasted 
Roll, mexican, bol io  
Roll, sweet 
Roll, sweek toasted 
Roll, sweet, cinnamon bun, no frosting 
Roll, sweet, cinnamon bun, frosted 
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SPECIFIC FOOD DESCRIPTION 

Roll, sweet, w/ fruit, no frosting 
Roll, sweet, w/ fruit, frosted 
Roll, sweet, w/ fru~t, frosted, &et 
Roll,sweet, w/ nuts, hosted 
Roll, sweet, w/ fruit, frosted. fat free 
Roll, sweet, w/ fruit & nuts, no frosting 
Roll, sweet, w/ fruit %nuts, frosted 
Roll, sweet, w/ nuts, no hosting 
Roll, sweet, no topping, mexican (pan dulce) 
Roll sweet, cntmb topping, mexlcan (pan duloc) 
Roll, sweeti sugar topping, mexican (pan dulce) 
Roll,sweet,w/ raisins & icing,rne%icsa (pan dulce) 
Coffee cake, yea% type 
Coffee cake, yeast, homemadefpurch at a b a k q  
Coffee d e ,  yeast m e ,  fat free. chol h, w/ fruit 
Croissant, chooolate 
Croissant, fruit 
Brioche 
Coffee bread, spanish 
Bagel 
Bagel, toasted 
Bagel, w/ raisins 
Bagel, w/ raisins, toasted 
Bagel w/ fruit other than mins 
Bsgel w/ fruit other than raisins, toasted 
croutons 
Muffin, english (include sour dough) 
Muf611. engliah, toasted 
Muffin, english, wi raisins 
Muffin, engbh, wl raisins, toasted 
Muffin, mglish, cbecse 
MutFn, english, cheese, toasted 
M u & ,  anglish, w/ fruit other than raisins 
Muffin, english, w/ fruit other than raisins, tstd 
Parmetone (italian-style sweet bread) 
Bread, 100% whole d e a l  
Bread, lQO% whole wheat, toasted 
Bread, 100% whole wheat, borne-made 
Bread, 100% whole wheat, home-made, toasted 
Bread, 100% whole wheat, w/ raisins 
Bread, 100% whole wheat, w/ raisins, toasted 
Bread, pita, 100% *le wheat 
Bmd, pita, 100% whole wheat, toasted 
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CONCENTRATION 
SPECIFIC FOOD DESCRIPTION (OL\  \‘“I 

Muffin, english, 100% whole wheat 2 
Muffin, english, 100% whole wheat, toasted 
Muffin, english. 100% whole wheat, w/ raisins 
Muffn, english, whole wheat, w/raisins, toasted 
Bread, wheat germ 
Bread, wheat germ, toasted 
Bread, sprouted wheat 
Bread, sprouted wheat, toasted 
Bagel, 100% whole wheat 
Bagel, 1OPh whole wheat, toasted 
Bagel, 100% whole wheat, w/ raisins 
Bagel, 100% whole wheat, w/ raisins, toasted 
Roll, 1Wh whole wheat 
Roll, 100% whole wheat, toasted 
Roll, 100% whole wheat, home recipc.%akery 
Roll, 100% whole wheat, homereoipemakery, toasted 
Bread, whole wheat, other than 1OOWns as to 100% 
Bread, whole wheat, oIher than IOO%/ns loo%, toast 
Bread, “whole“ wheat, home recipehakery 
Bread, “whole” wheat, home recipemakery, toasted 
Bread,puri/poari(indian pufTbrcad)ww,os IOO%,fried 
Bread, whqle wheat, ns as to 100%. w/ raisins 
Bread, whole wheat,ns as to 100%,w/ raisios,toasted 
Bread, wheat or cracked wheat 
Bread, whoat or cracked wheat, toasted 
Bread, cracked wheat, home rccipCmakev 
Bread, cracked wheat, home recipelbakery, toasted 
Bread, wheat or cracked wheat, w/ raisins 
Bread, wheat or cracked wheat, w/ &ins, toasted 
Bread, cracked wheat, reduced OalOriJ high @xr 
Bread, cracked wheat, red calorie/ hi fiber, toast 
Bread, fimch, “whole” wheat, homemade 
Bread, h c h ,  “whole“ wheat, honiemade, toasted 
Bread, pita, “whole“ wheat 
Bread, pita, “whole” wheat, tossted 
Bread, pita, cracked wheat 
Bread, pita, crackedwheat, toasted 
Bagel, wheat 
Bagel, wheat, toasted 
Bagel, “whole” wheat 
Bagel, “whole” wheat, toasted 
Bagel, wheat, wl raisins 
Bagel, wheat, w/raisins, toasted 
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SPECIFIC FOOD DESCRIPTON 

Bagel, wheat, w/ h i t s  & nuts 
Bagel, wheat, w/ hits &nuts, toasted 
Bagel, wheat bran 
Bagel, wheat bran, toasted 
Bread, wheat bran 
Bread, wheat bran, toasted 
Bread, wheat bran, w/ raisins 
Bread, wheat bran, w/ raisins, toasted 
Muffin, english, wheat bran 
MUBSn, english, wheat bran, toasted 
Muffin, english, wheat bran, wl raisins 
Muffin, english, wheat bran, w/ raisins. toasted 
Mufiin, engtish, wheat or cracked wheat 
Mu% english, wheat or cracked wheat, toasted 
Muffin. english, "whole" wheat 
Muffin, english, "whole" wheat, toasted 
Muffin, english, wheat or cracked wheat w/ nusins 
Muffin, english, wheat wl raisins, toasted 
Muffin, english, "whole" wheat, w/ raisins 
Muffis english, "whole" wheat, w/ raisins, toasted 
Roll. whole wheat, m as to 100% 
Boll, whole wheat, ns as to loo%, toasted 
Roll, "whole" wheat, home rccipcmakery 
Roll, "whole" wheat, home recipcmakery, toasted 

Bread, rye 
Bread, rye, toasted 
Bread, marble rye &pumpernickel 
Bmd,  marble rye &pumpernickel, toasted 
Bread, rye, reduced calorie/ high fiber (incl less) 
Bread, rye, reduced calorie/ high fiber, toasted 
Muffin, english, rye 
Mullin, cnglish, rye, toasted 
Bread, pumpernickel 
Bnad, pumpemckel, toasted 
Bagel, pumpernickel 
Bagel, pumpernickel, toasted 
Muffin, english, pvmpernickel 
Mu= engtish, pumpernickel, toasted 
Bread, black 
Bread, black, toasted 
Ro% rye 
Roll, pumpemickd 
Roll, pumpunickel, toasted 
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CONCENTRATION 
(%) SPECIFIC FOOD DESCRIPTION 

Bread, oatmeal 5 
Bread, oameal, toasted 5 
Bread, oat bran 5 
Bread, oat bran, toasted 5 
Bread, oat bran, reduced calorie! high fiber 
Bread, oat bran reduced caloriehi fiber, toasted 
Bagel, oat bran 5 
Bagel, oat bran, toasted 5 
Roll, oatmeal 2 
Roll, oatmeal, toasted 2 
Roll, oat bran 2 
Roil, oat bran, toasted 2 
MuBn, english, oat bran 3 
Mum english, oat bran, toasted 
Muffin, qlish, oat bran, with raisins 
Mu& english, oat bran, w/ raisins, toasted 
Bread, multigrain. toasted 3 
Bread, multigral! 3 
Bread, multipin, wl raisiios 3 

5 
5 

3 
3 
3 

Bread, multipin, w/ raisins, toasted 
Bread, multigrain, reduced calorie/ high fiber 
Bread, multigrain, reduced calorie! hi fiber, toast 
Roll, multigrain 
Roll, multigrain, roasted 
Bagel, multigrain 
Bagel, multigrain, toasted 
Bagel, multigrain, w/ raisins 
Bagel, multigrain, w/ raisms, toasted 
MufGR english, multipin 
Mu& cnglish, multipin, toasted 
Bread, barley 
Bread, tnticale 
Bread, triticale. toasted 
Bread, buckwheat 
Bread, buckwheat, toasted 
Bread, soy 
Bread, soy, toasted 
Bread, d o w e r  meal 
Brad, sunflower meal, toasted 
Bread, rice 
Bread, me, toasted 
Bread, low gluten 
Bread, low gluten, toasted 
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CONCENTRAnON 
SPECIFIC FOOD DESCRIPTION (%) ,411 

Biscuit, baking powder or buttermilk type, nfs 2.5 

Biscuit dough, mw 
Biscuit dough tried 
Crumpet 
CNmPct, toasted 
Biscuit, baking powder or buttenrulk, from mix 
Biscuit,baking pwhutter millycfrig doughlowfat 
Biscuit, bak powder or buttermilk, from refig dough 
Biscuit, baking powderbuttermilk m e ,  commercially baked 
Biscuit, baking powder or buttermilk. homemade 
Biscuit, whole wheat 
B h t ,  cheese 
Biscuit, cinnamon-raisin 
Scones 
Scones, whole wheat 
Scone, with h i t  
Combread, prepared from mix 
Cornbread, homemade 
Combread, made mth egg substitute, homemade 
Combread stuffing 
Cumbread muffin, stick, m u d  
Cornbread mum, stick, round, toasted 
Combread muffin, stick, round, homemade 
Johnny& 
TortiUa, flour (wbeat) 
Tortilla, whole wheat 
Cornmeal bread, dominican 
M m n f s  
Mufh ,  h i t  & or nuts 
Muffin, fruit, fat Wee, chol free 
Muffin, chocolate chip 
M a n ,  chocolate 
Muffin, whole wheat 
Muffin, wheat 
Muffin, buckwheat 
Muffin, wheat bran (include w/ raisins & nuts) 
Mufh,bmn,w/ fruit, lowfat 
Muffin, bran w/ IMt, no fit, no cholesterol 
Muf& oatmeal 
Mu& oat bran 
Muffin, oat bran with f i t  and/or nuts 
Muflhplain 
Muffin, cheese 
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CONCEWMTION 
rh) 

Mu&, pumpkin, wl  raisins 10 
M a n ,  zucchini IO 
Muffin, carrot (mcl w/ residnuts) IO 
Mu% multig+n, w/ nuts 10 
MuBtin, multigrain, with fruit 10 
Toaster muffin, h i t ,  untoasted 5 
Toaster muffin, hit, toasted 5 
Bread, boston brown 3 
Bread, nut 10 
Bread, pumpkin (include wl raisins) 
Bread, fruit, wlo nuts IO 
Bread, fruit &nut 10 
Bread, whole wheat, wl nuts 
Bread, zucchini (mcl squash bread; w/ nuts) 
Bread, irish soda 5 
Cake, batter, chocolate, raw 15 
Cake, batter, raw, not chocolate 15 
Cake, os as to type. w/ or w/o icing 15 
Cake, angel food, LIS as to icing 15 

Cake, angel food, wlo icing I5 
Cake, angel food, wl icing 15 

cuke, angel food, wl h i t  & icinglfilling 15 
Cake, angel food, cboc, without icing IS 

SPECIFIC FOOD DESCRIPTION 

IO 

3 
10 

Cake, applesauce, ns as to icing 
Cake, spplcsauce w/o icing 
Cake, applursucc wl icing 
Cake, applesauce, diet, without icing 
Cake, bananq tls as to icing 
Cake, banana, wlo icing 
Cakc, banana. w/ icing 
Cake, black forest (choc-cherry) 
Cake, boston cream pie 
Cake, butter, os as to icing 
Cake, butter, w/o icing 
Cake, butter, wl icing 
Cake, carrot, 11s as to icing 
Cake, carrot, no icing 
Cake> w o t ,  w/ icing 
carrot cake, diet 
Cake, cooconut, wl icmg 
ChecJecake 
Cheesecake, diet 
a d ,  w/ h i t  
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CONCENTRATION 
(%) 

Cheeaecake, diet, with h i t  15 

SPECIFIC FOOD DESCRIPTION 

Cheesecake-type dessert, made wl yogurt, wl h i t  
Cheesecake, chocolate 
Cheesecake, chocolate, reduced fat 
cake, choc, made w/ mayonnaise, IIS as to icing 
Cake, choc, made w/ mayonnaise, w/o icing 
Cake, choc, made w/ mayonnaise, wl icing or filling 
Cake,choc,devil's foodlfudge,stndrd mix,ns icing 
Cake, choc, devil's fd fudge ,  homemade, IS icing 
cake,ohoc,devils fdfudge,stndrd mix, wfo icing 
Cake,cbc,devih foodlfudge, wlo icing, homemade 
Cake,choc,devil's foodlfudge,stndrd mix,w/icing 
We,chw,devil's food/fudge,w/icing, homemade 
Cake, germao choc, wl icing and filling 
Cake, choc, w/ icing, diet 
Cakc,choddvl fd, pudd mix, lite recipe, wl icing 
Wc,choc,devil fwd/fudge,pud +.no cho1,ns icin 
Cake,cboc,devil f d f u d g e p d  typeno chol,no icin 
Cakephcqdevil fo0dlMge.pud typeno chol. 
Cake, choc,denl's food/fidge,pudding mu;, IIS icing 
Cake,choc,devil's foodfudge,puddiog mix, wlo icing 
Cake, choc,devil's fd fudge ,  pudding mix, wlicing 
We, poor man's (spice-type), wlo icing 
Cake, cream, wlo icing or topping 
Cake, cupcake, 11s as to type and icing 
Cake, cupcake, IIS as to type. wlo icing 
Cake, cupcake, IIS as to type, wlicing 
Cake, cupcake, chocolate, IIS as to icing 
Cake, cupcake, chocolate, w/o icing 
Cake, cupcaka, chocolate, w/ icing or filhg 
Cake, cupcake, not chocolate, us as to icing 
Cake, cupcake, not chocolate, wlo icing or filling 
Cake, cupcake, not chocolate, wl icing or filling 
Cake, cupcake, not choc, w/ icing, lowfat, no chol 
Cupcake, not chocolate, wl fruit & cream filling 
Cupoake,choc,w/orwlo icing,fnrit/cream fill,lowfat 
Cake,dobos tarte(non-choc cake wkhoc fill &icing) 
Cake, fruitcake, lightldark, holiday type cake 
Cake, plum pudding 
Cake, gingerbread, wlo icing 
Cake, graham cracker, wlo icing 
Cake, ice cream& ~ a k e  roll, c!zocolate 
Cake, ii;e cream & cake roll, not chocolate 
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CONCENTRATION 
(%) 

SPECIFIC FOOD DESCRIPTION 

Cake,frozen yogurt & cake layer,not choc,w/ icing 
Cake,frozen yogurt & cake layer,chocolate,w/ icmg 
Cake, ice box, wl fruit & whipped cream 
Cake, jelly roll 
C&, lemon, ns as to icing 
Cake, lemon, wlo icing 
Cake, lemon, w/ icing 
Cake, lemon, low fat, 11s as to icing 
Cake, Iemon, low fat, w/o icing 
Cake, lemon, lowfit, w/ icing 
Cake, marble, 11s BS to icing 
Cake, marble, w/o icing 
Cake, marble, w/ icing 
Cake, nut, ns as to icing 
Cake, nut, wlo icing 
Cake, nut, w/ icing 
Cake, oatmeal, w/o icing 
Cake, oatmeal, w/icing 
Cake, peanut butter, with icing 
Cake,pineapplc,fat frce.wl icing 
Cake, poppyseed, w/o icing 
Cake, pound, wlo icing 
Cake, pound, w/ icing 
W e ,  pound, chocolate 
Cake, pound, choc, fat free, no Ghol 
Cake, pound, p.r. @onsue) 
Cake, pound, fat free, no chol 
Cake, pound, reduced fat, no cholesterol 
Cake,pumpkin,ns as to icmg 
Cake, pumpkin, w/o icing 
Cake,pump&w/ icing 
Cake, raisin-nut, w/o icing 
Cake, raisin-nut, w/ icing 
Cake, ravani (made wl farina) 
Cake, rice flour, wlo icing 
Cake, quezadilla, el salvadorian style 
Cake, soy flour, w/o ioing 
Cab, spice, ns as to icing 
Cake, spice, wlo icing 
Cake, spice, wl icing 
Cake, pangs, ns BS to icing 
Cake, sponge, w/o icing 

15 
15 
I S  
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
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SPECIFIC FOOD DESCRIPTION 

Cake, sponge, chocolate, w/o icing 
Cake, sponge, chocolate, wl icing 
Cake, sweetpotato, wl icing (mcl wih glaze) 
Cake, rum flavored wlo icmg 
Cake, torte 
Cake, chiffon, ns as to icing 
Cake, chiffon, w/o icing 
Cake, chiffon, wl icmg 
Cake, chiffon, chocolate, w/o icing 
Cake, chiffon, chocolate, wl icing 
Cake, upside down (all hits) 
Cake, white, standard mix, ns as to icing 
Cake, white, homemade, nd as to ictng 
Cake, whie, standard mix, wlo icing 
Cake, white, w/o icing, homemade 
Cake, wbite, standard mix, wl icing 
Cake. white, wl icing, homemade 
Cake, white, puddmg-type mix, m as to icmg 
W e ,  white, pudding-type mix, wlo icing 
Cake, white, pudding-type mix, wl icing 
Cake, white, eggless, lowfat 
Cake, whole wheat, wl fruit & nuts, wlo icing 
Cake, yellow, standard mix, ns as to icing 
Cake, yellow, homemade, m as to icmg 
Cake, yellow, standard mx,  wlo iclng 
Cake. yellow, wlo icing, homemade 
Cake, yellow, standard mix, w/ icing 
Cake. yellow, w/ icing, homemade 
Cake, yellow, pudding mix, 11s as to icing 
Cake, yellow, pudding mix, wlo icing 
Cake, yellow, pudding mix, wl icing 
Cake, shortcake, biscuit, w/ whippedcream & h t  
Cake. shortcake, biscuit, wl fmit 
Cake. shortcake, sponge. wl whippcd cream & h i t  
Cake, shortEake, sponge, wl fmit 
Cake, shortcake, wl whip topping & fnut, diet 
Cake, zucchini, M as to icing 
Cake, zucohini, wlo icing 
Cake, zucchini, wl icing 
Cookie, batter I dough, raw, not chocolate 
cookie. ns as to type 
cookie, almond 
Coolde, applesauce 

Cargill, Incorpomtod. 
April 30,2008 

CONCENTUATION 

15 
15 
IS 
15 
15 
15 
IS 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
IS  
15 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
1.5 
15 
15 
10 
IO 
10 
10 

(“h) 
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CONCENTRATION 
SPECIFIC FOOD DESCRIPTION h,, \,o, 

Cookie, hit, baby 10 
Coohe, baby (incl gerher animal shaped cookies) 
Cookie, biscoth 
Coohe, brownie, M as to iclng 
Cwhe, brownie, wlo icing 
Cookie, brownie, w/ icing 
Cookie, brownie, w/ cream cheese. filling, wlo iclng 
Cookie. brownie, w/ peanut butter fudge icing 
Brownie, diet, ns as to icing 
Cookie, brownie, lowfat, w/ icmg 
Coohe, brownie, lowfat, wlo icing 
Cookie, brownie, fat free, no chol, wl icing 
Cookie, brownie, fat the, wlo icing 
Cookie, butterscotch, brownie 
Cookie, butterscotch chip 
Cookie, caramel coated, w/ nuts 
Cookie, carob 
Coohe. carob &honey brownie 
Cookie, chocolate chip 
Cookie, chocolate chip wl raisins 
Cookie, choc chip, homemade or purchased at bakery 
Cookie, choc chip, r e d u d  fat 

Cookie,rich,chocolate chip,wl chocolate filling 
Cookie, Chocolate clup sandwich 
Cookie, chocolate, made with rice cereal 
Cookie, chocolate, made w/ oatmeal & coconut 
Cookie, chocolate fudge 
Cookie, chocolate, wlchoc tillmglcoating, fat free 
Cookie. chocolate-covered, marshmallow 
Cookie, chacolate-avered, marshmallow pie 
Cookie. choc,choc sandwich/chocolate-~ated/stripcd 
Cookie,choc-wver,sugar waffer ,cremdmel  filled 
Cookie, chocolate sandwich, reduced fat 
Cookie, chocolate sandwich, chocolate covered 
Cookie, chocolate, sandwich, wl extra filllng 
Cookie, chocolate & vanilla sandwich 
Cookie, chocolate wafer 
Cookie, graham cracker d w i c h  w/choc&marshmellow 
Cookie, graham crax wl marsbmallow 
Cookie, bar, wl Chocolate, nuts, & grabam crackers 
Cookie, coconut 
Cookie, coconut & nut 
Cookie, fruit-filled 

Cargill, incorporated 
Apn'l30,2008 

10 
10 
10 
IO 
IO 
10 
IO 
10 
10 
I O  
10 
IO 
IO 
IO 
IO 
10 
10 
IO 
10 
10 
IO 
10 
IO 
IO 
10 
IO 
10 
10 
10 
IO 
IO 
10 
IO 
10 
IO 
10 
10 
10 
IO 
I O  
10 
IO 
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SPECIFIC FOOD DESCRIPTION 

Cookre, hit-filled bhr, fat free 
Cookie, date bar 
Cookie, fig bar 
Cookie, fig bar, fat fkee 
Cookie, fortune 
Cookie, cone shell, ice cream type,wafer I cake 
Coakie. cone shell, ice cream type, brown sugar 
Cookie, gingersnaps 
Cookie, granola 
Cookie, lady finger 
Cookie? lemon bar 
Cookie, macaroon 
Cookie, marshmallow, w/ coconut 
Cookie, marshaUow, wl rice cereal (nc-b&) 
cookie, nwshmallow, wl rice cereal & choc chips 
Cookie, marshmallow & peanut butter, wl oat cered (no-bake) 
Cookie, marshmallow pie, nonchacolate coating 
Cookie, meringue 
Cookie, molasscs 
Cookie, lebkuchen 
Cookie, multigrain, high fiber 
Cookie, oatmeal 
Cookie. oatmeal, wl raisins or date 
Coo!&, oatmed, wl fruit 6llmg 
Cookie,oatmeal,fat &,w/ raisins(inol wl dates) 
Cookie, oatmeal, red fat, wl raisins 
Cookie, oatmeal sandwich, w/ creme filling 
Cookie, oatmeal, wl chocolate clups 
Cookie, oatmeal sandwich, w/ peanut butter & jeUy m u g  
Cookie,oam~w/ choo & peanut butter (no-bake) 
Cookie, oat bran 
Cookie, peanut butter (include pb d e r )  
Cookie. pennut butter wl oatmeal 
Cookie, peanut butter, w/ chocolate (incl nassau) 

Cookie. peanut 
Cookie, wl peanut butter filling, chocolate-coated 
Cdolde, pfeffmwso 
Cookie, p k U e  (italian style wafer) 
Cookie, pumpkin 
Cookie. raisin 
Cookie, raisin sandwich, cnam-filled 
Cookie, nun bal! (no-bake) 

COOKIE, PEANUT BUTTER WI R l C E ~ e a l  (NO-BAKE) 

cargill, Inapomtcd 
A p i  30,2008 

CONCENTRATION 
("A) 
IO 
IO 
IO 
IO 
IO 
10 
IO 
IO 
IO 
IO 
10 
10 
IO 
10 
10 
10 
10 
10 
IO 
IO 
10 
IO 
10 
10 
IO 
10 
10 
10 
10 
10 
10 
IO 
IO 
10 
IO 
IO 
10 
10 
IO 
IO 
IO 
IO 
10 
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SPECIFIC FOOD DESCRIPTION 

Cookie, sandwich type, not chocolate or vanilla 
Cookie, shortbread 
Cookie, shortbmd, reduced fat 
Cookie, shortbread, with chocolate filling 
Cookie, butter or sugar 
Cookie, butterlsugar cookie, w/ h l t  and/ or nuts 
Cookie, sugar wafer 
Cookie, tectbing, baby food 
Cookie, toffee bar 
Cookie. vanilla sandwich 
Coolde, d a  sandwich* reduced fat 
Cookie, rich, all cbocolate, w/ choc filling or choc chips 
Wkie,  butter/sugar, w/ chocolate. icing I llling 
h k i e ,  buttcrlsugar, w/ icinglfilling other than choc 
Cookie, vanilla waffle m e  
Cookie, tea, j a p w e  
Cookie, vanilla wafer, ns as to type 
Cookie, vanilla wafer, reduced fat 
Cookie, vanilla w/ caramel, coconut, choc coating 
Cookie, whole wheat, dried fruit & nuts 
Cookie, rugelach 
Cookie, dietetic, chocolate chip 
cooldc, lemon wafer, lowfat 
Cookie, dieteticz oatmeal w/ raisins 
Cookie, dietetic, sandwich type 
Cookie. dietetic, sugar or plain 
Cookie, p.r. (mantecaditos polvorones) 
Ple, nfs 
Pie, individual size or tart, nfs 
Pie, fried, nfs 
Pie, appk, two c m t  
Pie, apple, individual size or tart 
Pie, apple, fried (includcmcdonald's) 
Pie, apple, one crust (mcl w/ crumb topping) 
PI&, apple. diet 
Pie, apricot, two crust 
Pie, apricot, individual size or tart 
Pie, apricot, med 
Pie, blackbeny. two crust 
Pie, blackberry, individual size or tart 
Pie, benynot blackb1ue,bopen,mp ...,, two orust 
Pie, berry, one wust 

Pie, beny, individual size or tart 

cargill, Jncorporated 
Aptil30.7.008 

CONCZNTRATION 

10 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
10 
IO 
10 
IO 
IO 
IO 
10 
10 
IO 
IO 
10 
10 
IO 
IO 
IO 
IO 
15 

IS 
15 
I5 
15 
15 

15 
15 
IS 
15 
IS 
15 
I 5  
15 
I 5  
15 

(%) 
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SPECIFIC FOOD DESCRIPTION 

Pic, bluebeny, two CNSt  

Pie, blueberry, one crust 
Pie, blueberry, individual size or tart 
Pie, cheny, two crust 
Pie, oheny, one crust 
Pie, cherry, individual size or tart 
Pie, cherry, fried (include mcdonald's) 
Pie, lemon (not aeiun or meringue) 
Pie, lemon (not cream or meringue), individual size 
Pie, lemon, fried 
Pie, mince, two crust 
Pie, mince, individual size or tart 
Pie, peach, two crust 
Pie, peach, one-crust 
Pie, peach, individual size or tart 
Pie, pcacb, fried 
Pie, pear, two crust 
Pie, pear, individual size or tart 
Pie, pineapple, two crust 
Pie, pineapple, individual size or tart 
Pie, plum two crust 
Pie, prune, one crust 
Pie, Mi two crust 
Pie, raisin, individual size or tart 
Pie, raspberry, one crust 
Pie, raspberry, two crust 
Pie, rhubarb, two crust 
Pie, rhubarb. one crust 
Pie, rhubarb, individual stze or tart 
Pic, straderfy, me crust 
Pie, smwberry-rhubarb, two crust 
Pie, strawberry, individual size or tart 
Pie, apple-sour cfeam 
Pie, cherry, wl cream cheese &sour cream 
Pie, banana cream 
Pie, banana cream individual size or tart 
Pie, buttemilk 
Pie, chess ( ic l  lemon chess pie) 
Pie, chooolate cream 
Pie, chocolate cream, individual size or tact 
Pie, ~oonllt  enam 
Pie, Mconut onam, individual size or tart 
Pie, custard 

Cargill, Incorporated. 
~ p i i 3 0 ,  m a  

CONCENTRATION 
(%) 

i5 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
15 
15 
15 
15 

15 
15 
15 
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CONCENIRATION 

i5 
(Yo) SPECIFIC FOOD DESCRIPTION 

Pie, custard, individual size or tart 
Pie, lemon cream 
Pie, lemon cream, individual size or M 

Pie, peanut butter cream 
Pie, pineapple cream 
Pie, pumpkin 
Pie, pumpkin, individual size or M 

Pie, raspberry cream 
Pie,, sow cream, raisin 
Pie. squash 
Pie, sbawbcrry cream 
Pie, strawberry cream, individual SIZE or tart 
Pie, sweatpotato 
Pie, vanifla cream 
Pie, yogun, frozen 
Pie, c W n ,  not chocolate 
Pie, chiffon, chocolate 
Pie, chiffon, w/ liqueur 
Pie, black bottom 
Pie, lemon meringue 
Pie, lemon maingue, individual size or tut 
Pie, cbocolate-marshmallow 
Pie. p u a n  
Pie, pecan, individual size 
Pie, oafmeal 
Pie, pudding, not chocolate 
Pie, pudding, not choc, indimdual size 
Pie, pudding, choc, w/ ohoc coating, mdivid slze 
Pie, pudding, not cboc, choc-coated individ size 
Pie, toll house chocolate chip 
Pie, shoo-fly 
Pie, tofu w/ fruit 
Pie shell, graham cracker 
Pie shell, chocolate wafer 
Vanilla wafer dessert base 
Blintz, cheese-filled 
B I i ,  fruit-filled 
Cobbler, apple (inolude fruit cobbler) 
Cobbler, apricot 
Cobbler, berry 
Cobbler, cherry 
Cobblcr, puwh 
Cobbler, pear 

Cargill, Incorporated 
April 3 9  2008 

15 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
15 
15 
15 
15 
15 
15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
IS 
15 
IO 
IO 
IO 
5 
5 
IO 
10 
IO 
10 
IO 
10 
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CONCENTRATION 
(%I 

Cobbler, pineapple IO 
Cobbler, plum IO 
Cobbler, rhubarb IO 
Crisp, apple, apple dessert IO 
Fritter, apple IO 
Fritter, banana 10 
Fritter. berry 10 
Crisp, blueberry 10 
crisp, cherry IO 
crisp, peach 10 
crisp, rhubarb 10 
Cream puWecIair, custardlcream-filled, IIS icing 
Cream puf3celair. custardlcrcam-filled, not i d  
Cream puWeclair, cusWcream-fiUed, iced IO 
Cream pufflalair, custardeream-filled, iecd, reduced fat 

SPECIFIC! FOOD DESCRIPTION 

IO 
IO 

IO 

Sopaipilla w/ syrup or honey 
Crepe, dessert type, IIS as to filling 
Crepe, dessert type, chocolate-filled 
Crepc, dessert type, hit-filled 
Crepe suzene 
Crepe, dessert type, ice cream-filled 
Tamale, swcct 
Tamsle, sweet, w/ fruit 
Strudel, apple (include strudel, nfs) 
Strudel, berry 
Stnrdel, cherry 
Stnrdel, checse 
Strudel, peach 
Strudel, pineapple 
Strudel, chasc & fruit 
Baklava (include kadafi 
Basbousa (semolina dessert dish) 
Turnover or dumpling, apple 
Turnover or dnmplig, berry 
Turnover or dumpling, chew 
Turnover or dumpling, lemon 
Turnover or dumpling, peach 
Turnover, guava 
Turnover, pumpkin 
Pastry, fit-frled 
Pestry,oriental,made w/ b e w  or lotus seed paste 
Pastry,orientaI,wb~ paste%salted egg yolk(b&d) 
Pastry, chinese (include 94ayer puddw) 

Cargill, Incorporated. 
ApdI 30,2W8 

5 
5 
5 
5 
5 
20 
10 
IO 
IO 
10 
IO 
IO 
IO 
10 
10 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
10 
IO 
IO 
10 
IO 
IO 
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CONCENTRATION 
SPECIFIC FOOD DESCRIPTION ,a,, 

Pastry, cookie w e ,  Iiied(incl polish pa&) 
Pastry, italian, w/ cheese (include canaoli) 
Pastry, puff, c u s d c r e a m  filled, i d n o t  iced 
Empanada, mextcan turnover, fiuit-tilkd 
Empanada, mexican turnover, pumpldn 
Breakfast pastry, nfs 
Toaster bagel, w/ 6uit and cream cheese 
Danish pastry, plaidspice (incl w/ icing) 
Danish pashy, wl fruit 
Danish pastry, w/ nuts 
Danish pastry. wl cheese 
Danish pastry, w/ cheese, fat free, no chol 
Doughnut, lls as to cake or yeast 
Doughnut, cakc type 
Doughnut, chocolate, cake type 
Doughnut, cake type, chocolate covered 
Doughnut, cakc type, chocolate covered, wl peanuts 
Doughnut, chocolate, cake type, with chocolate iclng 
Churros (incl mexican cruellers) 
Doughnut, onmtal 
cruller, nts 
French d e r  
Doughnut, chocolate, raised or ycast, with chocolate tclng 
Doughnut, raised / yeast 
Doughnut, chocolate, raised or yeast 
Doughnut, raised or yeast, chocolate covered 
Doughnut, jelly 
Doughnut, custard-filled 
Doughnut, chocolate cream-filled 
Doughnut, custard-filled, with icing 
Doughnut, wfieat 
Doughnut, wheat, chocolate covered 
Coffee cake, nfs 
Coffee cake, crumb or quick-bread trpe 
Coffee cske,crumb/quick breadtypep3 fat,no cbol 
Coffee cake, crumb or quick-bread type, w/ fruit 
Coffcecakc, numb or quick-bmd type, cheese filld 
Coffee cake, quick-bmd type, custard filled 
Popcorn, sugar syrup or caramel ooated 
Popcorn, sugar syrup or caramel coated, w/ nuts 
Popcorn, sugar symp/caramel coated, fat free 
Pretzel, hahi, chocolate coated 
Pretzel, yogurt covered 

Cargill, Inmrporated. 
April 30,2008 

IO 
IO 
IO 
10 
IO 
20 
5 
20 
20 
20 
10 
IO 
IO 
IO 
10 
10 
IO 
IO 
10 
IO 
IO 
IO 
IO 
10 
10 
IO 
10 
IO 
10 
IO 
IO 
IO 
IO 
10 
10 
IO 
10 
10 
10 
IO 
IO 
IO 
IO 
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SPECIFIC FOOD DESCRIPTION 

Pretzels, cheesefilled (mcl combos) 
Pancakes, plain (include pancakes, nfs) 
Pancakes, reduced calorie, high fiber 
Pancakes, w/ fiuit (include bluebeny pancakes) 
Pancakes wi choc chips 
Pancakes, buckwheat 
Paacakes, cornmeal 
Pancakes, wbole d e a r  
Pancakes, sourdough 
Pancakes, rye 
Wafne, ,plain 
Waffle, wheat, bran, or multignrin 
WatUe, fnit 
WatUe, nut &honey (incl eggo) 
Waffle, cornmeal 
WatUe, 100% whole wheat or 100% whole grain 
WatUe, oat bran 
Waffle, multi-bran (include egg0 nutri@n) 
Waffle, plain, fat free 
WatUe, plain, lowfat 
French toast, plain (imlude roman meal) 
French toast sticb, plain 
Bread htters, p.r. (torrejas, galician ftitters) 
Cake made w/ glutinous rice 
Cake or pancake made w/ rice flour &lor dried beans 
Cake made w/ glutinous rice & dried beans 
Funnel cake 
Cereal, nfs 
Kashi cereal, ns as to d y - m a t  or cooked 
Oat cereal, nfs 
Cereal, ready-toat, nfs 
All-bran cereal 
All bran cereal wl extra fiber 

Alpha-bits cereal 
Alpha-bits w/ marshmallows cereal 
Apple cinnamon GhWnOS 

Apple chumon squans mini-wheats cereal, kello& 
Apple jackscereal 
Banana nut, OmnGh cereal @&) 
Basic 4 (rte cereal) 

Bluebony morning, post 

Alpen cereal 

B W b c n V b  

Cargill, lnmrporatcd. 
Aptil30,2M)S 

CONCENIUTION 

5 
10 
10 
10 
10 
IO 
10 
IO 
IO 
10 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
IO 
IO 
IO 
10 
15 
15 
10 
IO 
IO 
IO 
10 
30 
30 
30 
20 
30 
20 
15 
15 
10 
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CONCENTMTION 
SPECFIC FOOD DESCRIPTION (01, CfOI 

Booberry cereal 30 

All-bran bran buds cereal, kellogg's (formerly bran buds) 

Cap'n crunch dereal 30 

Caph crunch's chrisanas crunch cereal 30 

12.5 
Bran chex cereal I O  

Cap'n crunch's crunch benies cereal 
Cap'n crunch's peanut buner crunch cereal 
Chex cereal, nfs 
Chocolate flavored fmsted puff& Mrn cereal 
Cinnamon grahaws cereal, generalmills 
Cinnamon toast crunch cereal 
Honey nut clusters cereal 
Cocoa lrrispics cereal 
Cocoa blasts cereal, quaker 
Cocoa pebble cereal 
Cocoa puffs cereal 
Common sense oat bran cereal, plain 
Cookie-crisp cereal (mclude all flavors) 
Crunchy Corn bran cereal, quaker 
Corn chex cereal 
Corn flakes, nfs (include store brands) 
Corn flakes, low sodium 
corn flakes, keuogg 
corn puffs ccreal 
Total corn flakes 
Count chocula cereal 
Cmklin' oat bran cereal 
Crisp crunch c d  

Crispy brown rice cereal 
Harmony cereal, gen mills 
Crispy rice cereal 
Crispy wheats'n raisins cereal 
Disney cereals, kellogg's 
Familia cereal 
Bran flakes cereal, nfs (formerly 40% bran flakes, nfs) 
Complete wheat bran flakes, keuogg's (form.40% bran flakes) 
Nahyal bran flakes cereal, post 
Frankenberry cereal 
French toast crunch cereal, general mills 
Fmot loops cereal 
Fruit &fibre c a d ,  nfs 
Fruit & fitm ceceal, w/ dates, raisins, & walnuts 

crispix ctrcal 

csrgill, lnwrporated 
April 30,2008 

30 
30 
I O  
20 
15 
15 
15 
15 
25 
20 
20 
10 
20 
I O  
5 
5 
5 
5 
5 
5 
10 

5 
5 
5 
5 
15 
7 
5 
20 
15 
10 
10 
10 
30 
30 
30 
10 
I O  
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CONCENTRATION 
PA\ SPECIFIC FOOD DESCRIPTION 

Fruit rings, nfs (include store brands) 
Fmit whirls cereal 
Fmitypebbles cereal 
Golden grabams cereal 
Granola, n€s 
Granola, homemade 
Granola, lowfat, kellogg's 
Granola w/ msms, lowfat, kcllogg's 
Grape-nuts ccreal 
Grape-nut flakes 
Great grains, raisin, date, & p q w h d e  grain cereal, post 
Oreat grains double p e w  whak grain cereal, post 
Healthy choice almond crunch cereal w/ raisins 
Honey bunches of oats cereal 
Honey bun&=? of oats w/ almonds, post 
Honeycomb cereal, plain 
Honeycomb cereal, strawbeny 
Honey crunch corn flakes cereal, kellogg's 
Honey nut chm c d  
Honey nut chcerios 
Honey nut shredded wheat cereal, post 
Smacks, KeUogg's (fomerly Honey Smacks) 
Jenny 0's 
Just nght cereal 
Just right f i t  & nut cereal (w/ msins, dates, nuts) 
Pokemon, kellogg's 
Kabwm cereal 
King vitaman cereal 
Kix cereal 
Life cereal (plain & cinnamon) 
Lucky charms cereal 
Malt-o-meal Mco-roos cereal 
Malta-meal corn bursts cereal 
Malt-o-meal crispy rice cereal 
Malt+-meal honey &nut toasty 0's cereal 
Malt-0-meal marshmallow mateys cereal 
Malt-o-meal golden puffs cereal (formerly sugar puffs) 
Malta-wal tootie fiuities (rte cereal) 
Marshmallow safari cereal, quaker 
MuCali cereal, nfs 

Muesli with raisins, dates, and ahnonds 
Mutti braa chex 
Mutti grain charios 

Curg~ll, Inmpomted. 
April 30,2008 

20 
20 
20 
15 
12.5 
12.5 
15 
15 
5 
5 
5 
5 
5 
IO 
IO 
IO 
10 
IO 
10 
10 
IO 
20 
IO 
10 
IO 
20 
IO 
20 
5 
IO 
20 
20 
20 
5 
20 
20 
20 
20 
20 
15 
15 
10 
IO 
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SPECIFIC FOOD DESCRIPTION 

Natural muesli, jenny's cuisine 
Nature valley granola, wl fruit & nuts 
Nu system cwsine toasted grain circles cereal 
Nutty nuggets (raktou) 
Oat bran flakes, health valley 
Apple cmnamon oatmeal crisp cereal (oatmeal crisp Wl apples 
Oatmeal crisp w/ almonds cereal 
Oatmeal raisin crisp cereal 
Oh's, honey graham cereal 
Oh's, fruitangy cereal 
Sun country 100% natural granola, with almonds 
100 % ~ t u r a l  cereal, w/ oats,honey 8r raisins,quaker 
100% natural widegrain cereal wl raisins, lowfat, quaker 
O m  0's cereal, post 
Swcet m c b  ccrcal, quaker (formerly popeye) 
Swcct puffs caeal. quaker 
Product 19 cereal 
Qyker oat bran cereal 
Quaker oatmeal squares cereal (formerly quaker oat squares) 
Quisp cereal 
Raisin bran cereal, nfs 
Raisin bran cereal, kellogg 
Raisin bran cereal, post 
Raisin bran, total 
Raisin nut bran cereal 
Raisin squares mini-wheats cereal (formerly raisin squares) 
Reese's peanut butter puffs cereal 
Rice chex cereal 
Rice flakes, nfs 
Rice laispies cereal 
Rice krispies treats cereal (kellogg's) 
Smart start, kellogg's 
Special k cereal 
Toasted oatmeal, honey nut (quaker) 
Corn pops cereal 
Strawbemy squares mini-wheats cereal(strawberry squares) 
Golden crisp cereal 
Taasties, post 
Malt-o-meal apple & cinnamon toasty 0's 
Total cereal 
Trixoereal 
Uncle sam's hi fiber cereal 
Wane crisp weal, post 

CONCENTRATION 
(%) 
15 

12.5 
10 
IO 
5 
15 
15 
15 
20 
20 
IO 
10 
5 
20 
10 
20 
5 
5 
5 
20 
5 
5 
5 
5 
5 
5 
20 
5 
5 
5 
5 
15 
5 
15 

20 
10 
20 
5 
20 
8 
20 
5 
20 
0 0 0 1 1 8  
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SPECIFLC FOOD DESCRIPTION 

Wheat chex cereal 
Wheat germ cereal, wl sugar k honey 
Wheat, puffed, presweetened w/ sugar 
Lemon pie filling 
Grapefruit juice, canned, bottled, oarton, wl sugar 
Orange juice, cannedbottled/carton, wl sugar 
Tangerihe juice, canned, wl sugar 
Grapehut &orange juice. canned, wl sugar 
Pineapple-grapehit juice, canned, wl sugar 
Pineapple-orange juice, canned, ns as to sweetener 
Pineapple-orange juice, canned, wl sugar 
Apple, dried, cooked, wl sugar 
Apricot, dried, cooked, w/ sugar 
currants, dried 
Cranberries, dried 
Fig, dried, cooked, wl sugar 
Mango, dried 
Peach, dried, cooked, wl sugar 
Pear, dried, cooked, w/ sugar 
Prune, dried, cooked, w/ sugar 
Applesauce, stewed apples, ns as to added sweetener 
Applesauce, stewed apples, wl sugar 
Applesauce I other huts(inc1udc mott's fruit pak) 
Apple, baked, wl sugar 
Carambola (starfnrit), cooked, wl sugar 
Cherry pie filling 
Peach, frozen, wl sugar 
Rhubarb, frozen, w/ sugar 
Blueberry pie filling 
Cranberries. cooLed or canned (incl cranbemy see) 
Raspbema, frozen, wl sugar 
Strawberries, frozen, ns as to added sweetner 
Strawberries, frozen, wi sugar 
Cranberry-raspberry sauce 
Fruit salad, p.r. style (ensah& de &uta) 
Apple, candied (include caramel apples) 
Banana whip 
Prune whip 
Fruit salad (no citrus) w/ salad dressing 
Fruit salad (no cieuS) wl cream 
F d t  salad (no citrus) w/ cream substitute 
Fnut salad (no citrus) wl marshmallows 
Fruit salad (wl citrus) wl pudding 

cargill. Inwrparated. 
April 30,2008 
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CONCENTRATION 
SPECIFIC FOOD DESCRIPTION w-1 \'"I 

Fruit salad (no citrus h i t s )  w/ pudding 5 

Fruit salad (incl citrus fruits) w/ salad dressing 
Fruit salad (incl cihus fruits) w/ cream 
Fruit salad w/ cream substitute 
Fruit salad wl marshmallows 
Fruit dessert, nfs 
Fruit dessert w/ cream & or pudding & nuts 
Pineapple salad w/ dressing 
Pineapple salad w/ cream cheese 
Fruit juice bar, frozen, orange flavor 
Fruit juice bar, frozen, flavor other than orange 
Sorbet, fruit, noncihus flavor 
Sorbet, fruit, citrus flavor 
Tomato juice cocktall 
Tomato catsup 
Tomato catsup, low sodium 
Tomato chili sauce (catsup type) 
Salsa, nfs 
Salsa, red, ckd, not horn (incl taco, creole, picante sauces) 
Barbecue sauce (include arby's sauee) 
Barbecue sauce, low s d u m  
Steak sauce, tomato-base (include a-1) 
Cocktail sauce 
Cucumber pickles, sweet 
Cucumber pickles, fresh (include bread & butter) 
Cucumber pickle, sweet, reduced salt 
Orange sauce for duck 
Sandanch spread 
Tartar sauce 
Honey butter 
Salad dressing, nfs 
Bacon &tomato dressing 
COleJlaw ansssing 
French dresssing 
Fruit dressing w/ fruit jwce &cream 
Fruit dressing, made w/ honey, oll, water 
Honey mustard dressing 

bfayonnaise-type salad dressing 
Mayowse-type salad dress'hg, cholesterol-free 
Boiled, oooked-type dressing 
Green godde8.3 dressing 
Creamy dressing, w/mur cre=mhuttedk & oil 

Cargill, incoprated 
April 30, u)ok 
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CONCENTRATION 
(Y") SPECIFIC FOOD DESCRIPTION 

Cream cheese dressing 
Milk, vinegar & sugar dressing 
Poppy seed dressing 
Peppercorn dressing 
Celery seed dressing 
Sesame dressing 
Sweet & sour drcssig 
Thowand island dressing 
Yogurt dressing 
Coleslaw dressing, reduced'calonc 
Mayomawe-type salad dressing, fat-free 
Vinegar, sugar &water dressing 
Korean W i g  or marinade . 
Syrup, nfs 
Pancake syrup, nf5 
Cane & corn pancake syrup 
Corn syrup, light or dark 
Buttered blends syrup (incl mrs buttenvorth) 
Fnut syrup 
Chocolate syrup, thin type 
Chocolate syrup, thin type, hght 
Fruit flavored syrup used for milk beverages 
Maple & corn Bdor cane pancake syrup blends 
Syrup, pancake, reduced d o n e  
Toppmg, butterscotch or caramel 
Topping, chooolate, thick, fudge type 
Tapping, f i t  
Topping, marshmallow 
Topping, nut (wet) 
T & i ,  peanut butter, thick fudge type 
Topping, choc flavor hazelnut spread (incl nutella) 
Topping, milk chocolate w/ cereal 
Topping, chocolate, hard coating 
Icing, chocolate 

Sweet & sour sauce (include Vietnamese sauce) 
F d t  sauce (include all f i t s )  
Raiim sauce 
Plain dessert sauce (include vanilla, m sauce) 
Duck sauce (include ehakni sauce) 
Plum sauce, oriental style 
Jelly, all flavors 
Jam, pnSrrvcS, all flavors 

Icing, wilite 

cargiu. Incaporatcd. 
AMI 30,2008 
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CONCENTRATION 
SPEZIFIC FOOD DESCRIPTION (OL% 

Marmalade, a l l  flavors 
Jelly, d u c a l  sugar, all flavors 
Jam p-es,malades,sweet w/ fruit juice conc 
Gelatin dessert 
Gelatin woks  
Gelatin dessert w/ fruit 
Gelatin dessert w/ Whipped cream 
Gelatin dessert w/ Suit & whipped cream 
Gelatin dessert w/ cream cheese 
Gelatin dessert wl sour cream 
Gelatin dessert wl Iiuit &sow cream 
Gelatin dessert w/ h i t  & cream cheese 
Gelatin dessert w/ fruit, vegetables, &nuts 
Gelatin dessert wl fruit & whipped topping 
Danish dessertpuddmg 
Tasastcs good to me, p.r. (hietime sabe) (dessea) 
Pmeapple custard, p.r. (flan de pha) 
Hanpia (coconut pudding) 
Gdatin,fioz,whipped,on stick(lac1 jeUo gltn pops) 
Ice, h i t  
I= pap 
~ c e  pop mal w/ ice cream, all flavor varieties 
Snow cone, slurps 
candy, nfs 
Butterscotchmorsels 
Caramel candy, choc-flavor roll (incl tootsie roll) 
Caramel candy, not chocolate 
Caramel candy, w/ nuts 
Caramel candy, chocolate covered 
Caramel candy, w/ nuts &cereal, chocolate-covered 
Carambl candy, w/ nuts, chocolate-cavered 
Rolos candy 
Tohlerone,milk chocolate w/ honey & almond nougat 

Twix cookie bars 
Twix chocolate fidge cookie bars 
Twix pearmrbuttez cookie bars 
Barnone candy bar 

Mik chocokte candy, plain 
Milk chocolate candy, with cereal 
Kitkafcandybar 
Chocolate, @k, w/ nuts, not almonds or peanuts 
Milk chocolate candy, with huit and nuts 

WhatChamaGallitcaady 

Cargill, lnncoprated. 
Apnl30,2038 
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SPECIFIC FOOD DESCRIPTION 

Milk chocolate candy, with almonds 
Cbocolate, milk, w/ peanuts (include mr goodbar) 
Coconut candy, cbacolate-covered 
Cwpmt candy, no chocolate covemg 
Coconut candy, p.r. style 
Fondant candy 
Fondant oandy, chocolate wvered 
Fruit peel. candied 
Fruit candy bar 
Soft fruit confecton 
Fmit 1eathe.r (include f i t  rollup) 
Fun fruits creme supremes candy 
Tamarind candy 
Fmit snack candy, W/ vit c 
Fudge, cbocolatc, cbocolate-coated 
Fudge, cbocolate, cbocolate-coated. wl nuts 
Fudge. chocolate 
Fudge, chocolate, w/ nuts 
Fudge, peanut butter 
Fudge, peanut butter. w/ nuts 
Fudge, vanilla 
Fudge, vanilla, w/ nuts 
Fudge, dtvmity 
Fudge, brown sugar (panuchi) 
Fudge, caramel and nut, chocolate-coated candy 
Snickers candy bar 
Baby mth candy bar 
lOOgrandbar(incl$100,000bar) 
Halvah, plain 
Halvah, chocolatecovered 
Honey-combed hard candy, peanut butter 
Honey-combed candy, peanut butter, choc-covered 
Butterfinger eandy bar 
Jimmies (include chocolate-flavored s p d e s )  

Woo, round ball, &an-mdian desPcd 
Licorice candy 
Marshmallow 
Marshmallow, chocolatecovered 
Marshmallow, candy-coated 
Marshmallow, wcomf-coated 
Nougat candy, plain 
Nougat candy, w/ caramel, cbocolate-covered 
Milky waybar 

cargill, Incorporated. 
April 30,21748 

CONCENTRATION 
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CONCENTRATION 
("h) 

Milky way dark bar 20 
Mars bar 20 

3 musketeers candy bar 20 
Nuts, chocolatc-covercd, not almonds 01 peanuts 
Nut roll, fudge or nougat, caramel & nuts 
M&~B peanut butter chocolate candies 
Reese's peanut butter cups 20 
Reese's pieces candy 20 
Rcese sticks 20 
Peanut butter morsels candy 20 

Raisins, chocolate-covmd IO 
Raisins, camh-covered LO 
Raisins, yogUrt-eover4 IO 
Sesame erunch candy ( d a d 0  IO 
Skittles candy 20 
Sugar-coated chocolate drscs candy 20 
M&m's plain chocolate candies 20 
Easter egg, candy-coated chocolate 20 

Toffee, plain 20 
Toffee, chocdate covered (incl heath bar, skor) 
Toffee, chocolate-coated, wl nuts 20 
T N ~ ~ ~ c s  20 
Wax candy, liquid filled 20 

Mints, dietetic or low calorie 

SPECIFIC FOOD DESCRIPTION 

Nougat candy, chocolate-covered 30 

20 
20 
20 

Pineapple candy, p.r. style 30 

TfEy 40 

20 

20 
Chewing gum, nfs 15 
Chewing gum, sugared 15 

5 Rice beverage (incl rice tea) 
Soft drink, fi IO 
Carbonated wabx,sweetend(incl tonic,quinme water) 5 
Soft drink, cola-type IO 
Soft dnnk, cola-type, wl higher caffeine (mcl jolt) 
Soft drink, cola-type, deca&inated 10 

Soft drink, pepper-type ( i c l  dr. Pepper, mr. Pibb) 
Soft drink, pepper-type, decaffeinated 10 
cream soda 12 

Soft drink, fmit-flavored, caffeine free 
Soft drink, fmit-flavored, wl Gaffcine 
Ginger ale 10 
Root beer 10 
Chocolate-flavored soda IO 

cargill. Incorporated 
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10 

12 
12 
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CONCENTRATION 
/OLi SPECIFIC FOOD DESCRIPTION 

Cola wl6uit or vanilla flavor 
Cola w/ chocolate flavor 
Mavi drink 
Soft drink, ale type (mclude ale-8) 
Carbonated juice drink, ns as io type ofjuice 
Carbonated citrus juice drink 
cartmnatad noncicrus juice dmk 
Apple-cherry drink 
Apple juicedrink 
Apple-crankmy-grape juice dnnk 
Apple-orangepineapple juice drink 
Apricot-pineapple juice drink 
Banana-arangcdrink 
Black cheny drink 
Fruit dnnL (include fkuitpunch &fruit ade) 
Fruit juice drink, nt9 
Tamarind drink, p.r. (refresco de uunarindo) 
Fruit punch, made w/fruit juice & soda 
Fruit punch, made w/ soda, fruit juice & sherbet 
Grnpeade &grape drink 
Grape juice drink 
Grapfnut Jluce drink 
Quavajuice drink 
Lemonade, frozen concentrate, not reconstrtuted 
Lemonade 
Lemon-limeade 
Limeade 
Orange-mago juice drink 
Orange drink (include orange ade, yaba daba dew) 
Orangeapricotjuice dnnk 
Orange-lemon drink 
Citrus fruitjuice drink (incl 5-alive) 
Orangecranheny juice drink 
O r a n g ~ p c h  juice drink 
Orange-grape-banana juice drink 
Papaya jucedrink 
Pmeapple-grapeiiuit juice drink 
Pineapple-orange juice drink 
Orapge-rasp- juice drink 
Raspberry-flavored drink 
Stiawbcny-flavored drink 
Frozen daiquiri mix, concentrate, not reconstituted 
Frozcn daiquiri mix, f?onfroz conc, reconstiluted 

carpill, Incorporated 
April 30,2008 
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CONCENTRATION 
@L) SPECIFIC FOOD DESCRIPTION 

Pina colada, nonalcoholic 
Whiskey sow, nonalcoholic ( i c l  l e m )  
Black cherry drink w/ vitamin c added 
Cherry drink wl vitamin c added 
Citrus dnnk w/ vitamin c added 
Cranberry juice drink wlvjt c gdded(inc1 cocktail) 
Cranberry-apple juice drink w/ vitamin c added 
Fruit p n n c W W a d e  wl vit c added (incl hi%) 
Grape drink wl vitamin c added 
Grapehit juice drink w/ vitamin c added 
Guava juice drink w/ nt c added 
Lcmonade w/ vitamin c added 
Vegetable & fruit juice drink, wl vit c 
Orange drink & orangeade wl vitamin c added 
Orange breakfast drink, h m  hzen  cancentrate 
Orange breakfast drink 
Pineapple-grapebit juice drinkw/ n t  c added 
Pmapplc-orange juice dnnk wl ntamin c added 
Pi le+mnge-grapei iui t  juice drink wlvitamin c 
Srawt~~~~~-f lavored drink wl vitamin c added 
Orange-mnberry juice dri&low cal,wl vit c added 
Fruit-flavored thirst wencher beverage 
Fluid replacemnt,electr~Lyte solutn(mc1 pcdialyte) 
Fluid rcplscement, 5% glucose in water 
Citnrr juice drink, calncim fortified 
Orange breakfast drink, calcium fortified 
Horchata, p.r. (beverage) 
Coconut beverage, p.r 
Oatmeal beverage, p.r. 
Oatind beverage wl milk 
k c e  beverage. mexican @orchata) 
Sugar cane beverage, p.r. 
Atole (cornmeal beverage) 
Corn bev w/ choc & milk(champmdo,atole de choc) 
Red bull energy drink 
Nonalcoholic malt beverage 
Shirley temple 
Cordial or liqueur 
cocktails, nfs 
Bacardi coclrtail 
Daiquiri 
Grasshopper 
Mitit juleg 

Cargill, Incopmtcd. 
April 30,2008 
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CONCENTRATION 

5 
(%) 

Screwdriver (include harvey wallbanger, slo-screw) 
Whiskey sour(incl scotch,vodk~Ii&,bmdy SOW) 5 

Mixed dnnks (for recipe modifications) 
Rum & cola 5 
Pina colada IS 
Coquito, p.1. (coconut, mm) 5 
Sloe gin fin 5 
Fruit punch, alcoholic IO 

SPECIFIC FOOD DESCRIPTION 

5 

Singapore s l i p  
Mai tal 
Tequila sunrise 
Long island iced tea 
Fuuy navel cockrail 
Irish coffke (inel cot3 
Liqueur wl cream 
Frozen daiquiri 
Frozen margarita 
Eggnog, alcoholic 
Wine cooler 
Sangria 
Sangria, puerto rican 
Rum cooler 
Milk, soy, ready-to-dnnk, not baby 
Milk, soy, ready-to- not baby's, chocolate 
Milk fmt drink (incl licuado) 
Fmit smoothie drink, w/ h i t  and dairy products 
Fruit smoothi6 drink, nfs 
Choc-flavored drink, whey-&mtk-based(incl yoo-hoo) 
Milk drink, whey&milk-base, not choc (incl yoo-hoo) 
Cafe con leche prepared w/ sugar 
Honey-combed hard candy, peanut butter 
Honeyambed candy, peanut butter, choc-covered 
Nougat candy, chocolate-covered 
Mint julep 
Milk, cow's, fluid, filled w/ veg oil, ns as to fat 
Milk, cow's, fluid, filled w/ veg oil, whole 
Milk, cow's, flwd, 6lled w/ veg oil, lowfat 
M% condensed, sweetened, undiluted 
Milk, condensed, sweetened, diluted 
Milk, imitation, fluid, soy based 
Milk, soy, ready-todrk& nbt baby 
Milk, 80% ready-to& not baby's, chocolate 
Milk,imitation,fluid,noosoy,sweC+d,wt chocolate 

cargill, Lnoorpomted 
April 304 2W8 
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CONCENTRATION 

Yogurt, ns 85 to type of milldhvor 8 
Yogurt, vanilla, lemou. coffee, m as to milk type 8 
Yogurt, vanilla, lemon, coffee, whole milk 8 

8 
Yogurt, vanilla, lemon, coffee, nonfat milk 8 

8 
Yogurt, GhOCOhte, 11s 85 to type Of milk 8 
Yogun, chocolate, whole milk 8 
Yogurt, chocolate, nonfat mlk 8 
Yogurt, fruit variety, ns as to milk type 8 

8 
Yogurt, fruit variety, towfat milk 8 
Yogort, fruit variety, nonfat milk 8 

8 
8 

(99) 
SPECIFIC FOOD DESCRIPTION 

Yogurt, vanilla, lemon, coffee, lowfat milk 

Yogurt, vanilla, lemon, coffee, nonfat milk, low cal sweet 

Yogurt, fruit variety. whole mdk 

Yogurt, fruited, nonfat milk, low cal sweetener 
Yogurt, fruit &nuts, m as to typeof milk 
NFS =Not foal specified; NS = non-specific 

Csrgill, Incorporated 
April 30,2008 
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APPENDIX 3. ESTJMATED CONSUMPTION OF SUCROMALT FROM FOOD 
CATEGORIES SPECIFIED IN APPENDIX 2; EXACT NUMBERS FROM BURDOCK 
GROUP (ZOOS) 

mg/day mg/kg/day 
Meanper apird 52,923 890.41' 
Mean, weighted, eatemody*** 64,851 1091.09** 
9 0 ~  Percentile, weighted, eatersady*** 147,600 2538.27.' 
* = M y  weight in this calculation is based on the general assumption of  the average pemn in tfrs US. population weighing 60 
kg; ** = the body weights used in thae calculations WBC based on reopondent ages, derived from Poaicr et d (2007); *** = 
eStlmatcs are based on individuals io theU.S. that consume the foods idenhfied in Tahlc IO, i.e , eaters-only In the 2003-2W 
survey. 466,178.866 indiViduals consumed the Img&ed foods 

APPENDIX 4. MEAN, WEIGHTED EATERS-ONLY CONSUMF"l?ON OF 
SUCROMALT BROXEN DOWN BY AGE GROUPS; EXACT NUMBERS FROM 
BURDOCK GROUP (ZOOS) 

Age mows Consumntion 
Age range (p) Average weight (kg)' #of eaters m g h y  mg/lglday 

1-2 11.4 1022 31.3M.fi2 2146 46 -, . . . . . --.-- . ~ _ _  .~~ ~ _ -  
3-5 18.2 947 48.145.45 2655.50 
6-1 1 
12-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70+ 

33.5 1708 
64.7 4035 
11.6 1456 
81.4 1326 
82.5 1317 
82.9 981 
81.5 1267 
13.7 1166 

11i425.41 
88,990.13 
93,578.93 
74,843.16 
63,336.95 
49,721.63 
36,953.00 
33.088 41 

2133.36 
1372.20 
1203.40 
918.25 
769.31 
595.29 
455.03 
449.92 - 

E=15,825 
* = body wnghts in t h ~ s  column are derived b m  Poaia er d, (2007) 

Cargill. Incorporated. 
April 30,2008 
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VIA OVERNIGHT MAIL 
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novozymes. 
Rethink Tomorrow 

4M I1111111 1111ll I1 1111 

Deputy Director, Division of Biotec,mology & GRAS Notice Review BY: _ _ _ _  FL- __________-____ 
Office of Food Additive Safety, CFSAN 
U.S. Food and Drug Administration 
4300 River Road, HFS-255 
College Park, MD 20740-3 83 5 

Re: Amendment to Cargill’s Sucromalt GRAS Notification - GRN 258 -- 
Novozymes’ G U S  Documentation Package for Sucrozyme@ 

Dear Dr. Martin: 

In support of Cargill’s GRAS Notification for Sucromalt (GRN 258), Novozymes is providing a copy 
of our GRAS notification package for Sucrozyme@, an Alternansucrase preparation by Bacillus 
licheniformis expressing a gene encoding a modified Alternansucrase from Leuconostoc 
mesenteroides. Sucrozyme@ is used as a processing aid in the starch industry for production of low 
glycemic sweeteners for use in food and beverages as a replacement of sucrose and other traditional 
sweeteners. Novozymes’ self-affirmation GRAS of Sucrozyme@ was reviewed and confirmed by an 
external expert panel consisting of Drs. Joseph F. Borzelleca and Michael W. Pariza. 

Should you have any questions or comments regarding SucrozymeO, please contact me directly at 
(919) 494-3152. 

Pincerely yours, 

‘2v-e  Denise Bernstein 

Staff Specialist 
DCBe@,novozvmes.com 

Laws, regulations and third party rights may prevent customers from importing, processing, applying andor reselling certain 
products in a given manner. It is the responsibility of the customers that their specific use of products from Novozymes does not 
infringe relevant laws and regulations and, furthermore, does not infringe patents or other third party rights. Unless separate 
agreements exist, the contents of this document are subject to change without further notice. 

Novozymes North America, Inc. 
Regulatory Affairs 

77 Perry Chapel Church Road, P.O. Box 576 
Franklinton. North Carolina 27525 

Tel:919-494-3000 Fax: 919-494-3420 www. novozymes. com 

0 0 0 1 3 1 
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Statement of the GRAS Expert Panel on SucrozyrneO 

We, Professors Borzelleca and Pariza, members of the Expert Panel, have 
independently and critically evaluated the information on Sucrozyme@ 
(Alternansucrase, PPN 26587) assembled by Novozymes including Decision 
Tree Analysis of Safe Strain Lineage of Enzyme Products derived from Bacillus 
licheniformis, test reports of three toxicity studies, and Summary of Toxicity Data 
and other information deemed appropriate or necessary and conclude that the 
proposed uses of Sucrozyme43 produced consistent with current Good 
Manufacturing Practice and meeting appropriate food grade standards, are safe. 
We further conclude that these proposed uses are Generally Recognized As Safe 
(GRAS) based on scientific procedures. 
It is our opinion that other qualified experts would concur with our conclusions. 

/ 
' / / 

, - (Z J..4&L' /T ': /&,dd- ~~ 

Josepyh F. Borzelleka, Phd. Date 
Professor Emeritus 

* Medical College of Virginia 
VA. Commonwealth University 
871 8 September Drive 
Richmond, VA 23229-731 9 

Michael W. Pariza, Ph.D. Date 
Distinguished Wisconsin Professor 
Director, Food Research Institute 
University of Wisconsin, Madison 
71 02 Valhalla Trail 
Madison, WI 53719 

(b)(6)
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novozymes= 
Rethink Tomorrow 

Safe Strain Lineage of Enzyme Products Derived from Bacillus Lichenifomis 

After evaluation of the Decision Tree Analysis of Safe Strain Lineage of Enzyme 
Products derived from Bacillus lichenformis - SucrozymeO an alternansucrase 
preparation by Bacillus licheniformis expressing a gene encoding a modified 
alternansucrase from Leuconostoc mesenteroides supplied by Novozymes, I, 
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1. A Decision Tree Analysis of Bacillus licheniformis Production Organisms 
Derived from a Safe Strain Lineage 

1 . 1  Overview 

SucrozymeB is the Novozymes trade name used for an alternansucrase preparation 
produced by submerged fermentation of Bacillus licheniformis carrying a modified gene 
coding (C-truncated version) for alternansucrase from Leuconostoc mesenteroides. 
Alternansucrase catalyzes alternating a( l36)  and a( l33)  glucosidic linkages from 

The alternansucrase production sucrose to generate a D-glucan called alternan. 
strain is constructed using rDNA techniques from a Bacillus licheniformis host strain 
THO49 derived from the Bacillus licheniformis strain SJ1707 that is documented as a safe 
strain in the Iiterature",'4,15.19.20.26,27&30 and is responsible for several products produced 
by Novozymes for over 30 years. The alternansucrase enzyme preparation is used as a 
processing aid in the starch industry for production of low glycemic sweeteners for use 
in food and beverages as a replacement of sucrose and other traditional sweeteners 
including high fructose corn syrup. 

31.48 & 49 

The safety of the production organism must be the prime consideration in assessing the 
probable degree of safety of an enzyme preparation intended for use in food (Pariza 
and Foster, 1983; Pariza and Johnson, 2001). The 6. licheniformis strain SJ1707 has been 
used as a host strain for several years in the construction of production strains for 
several other Novozymes enzyme products. For each of the products summarized in 
Table 1 (section 4.2.2), E. licheniformis SJ1707 was used as a common parent strain for 
the construction of the final production strain by standard transformation procedures 
using well-known plasmid vectors and well-characterized DNA sequences. In each case, 
the recombinant plasmid DNA was integrated into the E. licheniformis host strain 
chromosome by homologous recombination. All of these production strains meet the 
criteria for a safe production strain as described by Pariza and Foster', Pariza and 
Johnson', and other expert groups. 3*13,18,26-28,&34-37 In addition, the production strains 
comply with current GMP and OECD's criteria for GILSP.4 The following evaluation uses 
the Decision Tree set forth by Pariza and Johnson (2001)' to establish safe strain lineage 
of the 6. licheniformis host production organism SJ1707 and its derivatives. 

Further, the safety of the enzyme preparations derived from these €3. licheniformis 
production strains was confirmed by toxicological testing. No toxicological effects were 
observed for any of the test substances produced by these strains derived from the E. 
licheniformis strain SJ1707. See a summary of toxicological testing in section 4.2.2, 
Table 1 .  

The Food and Drug Administration has affirmed that mixed carbohydrase and protease 
enzyme products derived from 6. licheniformis are generally recognized as safe (GRAS) 
in the production of certain foods including nutritive sweeteners (21 CFR§l84.1027), 
which includes low glycemic sweeteners. Further, FDA has summarized some of the 
published literature outlining the safe production and use of food enzymes from 
recombinant microorganisms such as E. licheniformi (see Appendices B-D).26*27,28 Merker 
and Olempska-Beer outlined FDA's perspective on a case study of enzymes including 'd 
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GRAS Notice 022, which is an alpha-amylase derived from B. licheniformis host strain 
P A  SJ 1707 (Appendix C).27 

Based upon the work of Pariza and Johnson’, a decision tree analysis of the safe strain 
lineage of Bacillus licheniformis SJ1707 and products derived from SJ1707 is conducted 
below. Sections 2-6 provide support for the analysis. 

Safe Strain Lineage of Bacillus licheniformis 

1. Is the production strain genetically modified? If yes, go to 2. If no, go to 6. 

Answer: The production strain is genetically modified. 

2. Is the production strain modified using rDNA techniques? If yes, go to 3. If no, 
go to 5. 

Answer: The production strain was modified using standard recombinant DNA 
techniques. 

3. Issues relating to the introduced DNA are addressed in 3a-3e. 
a. Do the expressed enzyme product(s) which are encoded by the 

introduced DNA have a history of safe use in food? If yes, go to 3c. If no, 
go to 3b. 

Answer: The enzyme product produced is a truncated wild-type 
Alternansucrase from Leuconostoc mesenteroides, which is substantially 
equivalent to a wild-type alternansucrase from Leuconostoc mesenteroides 
currently in commercial use. Note: both 36 & c have been addressed below. 

b. Is the NOAEL for the test article in appropriate short-term oral studies 
sufficiently high to ensure safety? If yes, go to 3c. If no, go to 12. 

Answer: Although it is concluded that the truncated wild-type alternansucrase 
is substantially equivalent to the wild-type enzyme used to produce low 
glycemic sweeteners used in commercially available products, a NOAEL for the 
truncated wild-type alternansucrase for a two-week oral toxicity study in rats 
(NZ 20076014) is 792.7 mg TOSlkglday (TOS is the Total Organic Solids 
determined as 100 - water - ash - diluents). It is concluded to be sufficiently 
high to ensure safety. See safety margins established for human consumption 
scenarios in Section 4.9. 

c. Is the test article free of transferable antibiotic resistance gene DNA? If yes, 
go to 3e. If no, go to 3d. 

Answer: No, none of  the DNA inserts that have been inserted into the host 
strain contains any antibiotic resistance genes. Thus, no antibiotic 
resistance markers have been added to the strain. 0 0 f’D 19 3 6 
d. Does the resistance gene(s) code for resistance to a drug substance 

used in treatment of disease agents in man or animal? If yes, go to 12. If 
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no, go t o  3e. 

e. Is all other introduced DNA well characterized and free of attributes that 
would render it unsafe for constructing microorganisms t o  be used to  
produce food-grade products? If yes, go t o  4. If no, go t o  12. 

4. 

5 .  

6. 

7. 

8. 

9. 

IO. 

11. 

Answer: The introduced DNA is well characterized and free of  
attributes that would render it unsafe for constructing microorganisms used 
to produced food-grade products. 

Is the introduced DNA randomly integrated into the chromosome? If yes, go 
t o  5. If no, go to  6. 

Answer: No, the DNA has been integrated through specific integration into 
the pre-selected amyl locus by double homologous recombination. 
Specifically, the amyl coding region was replaced by a Leuconostoc 
mesenteroides truncated asr gene, by double homologous recombination. 

Is the production strain sufficiently well characterized so that one may 
reasonably conclude that unintended pleiotropic effects which may result in 
the synthesis of toxins or other unsafe metabolites will not arise due t o  the 
genetic modification method that was employed? If yes, go to  6. If no, go t o  
7. 

Is the production strain derived from a safe lineage, as previously 
demonstrated by repeated assessment via this evaluation procedure? If 
yes, the test article is  ACCEPTED. If no, go t o  7. 

Answer: DN2717, the parent strain is a sporulation-deficient derivative of  a 
natural isolate and SJ1707, the host strain is derived from the parent, which 
is host for several Novozymes production strains. The parent and host 
strains were produced over forty years ago. Thus, it is concluded that the 
Bacillus licheniformis strain is a safe lineage used to produce the truncated 
wild-type alternansucrase. Accordingly, it is concluded that the Bacillus 
licheniformis strain used to produce the truncated wild-type alternansucrase 
is ACCEPTED under the Decision Tree guidelines. 

STOP, strain is accepted; no need to address 7-12 below. 

Is the organism nonpathogenic? If yes, go to  8. If no, go to  12. 

Is the test article free of antibiotics? If yes, go t o  9. If no, go t o  12. 

Is the test article free of oral toxins known to  be produced by other members 
of the same species? If yes, go t o  11. If no, go t o  IO. 

Are the amounts of  such toxins in the test article below levels of concern? If 
yes, go t o  11. If no, go t o  12. 

Is the NOAEL for the test article in appropriate oral studies sufficiently high 
t o  ensure safety? If yes, the test article is ACCEPTED. If no, go to  12. 
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12. An undesirable trait or substance may be present and the test article is not 
acceptable for food use. If the genetic potential for producing the 
undesirable or substance can be permanently inactivated or deleted, the 
test article may be passed through the decision tree again. 

It is concluded that based upon the decision tree analysis, the host production organism 
Bacillus licheniformis SJ1707 and production strains derived from SJ1707 are considered 
to be derived from a safe strain lineage. This conclusion is further supported by the 
knowledge that 1) common recombinant techniques are used in the construction of the 
production strain; 2) genetic modifications are well-characterized; 3) the introduced 
genetic material does not encode and express any known harmful or toxic substances; 
and 4) current good manufacturing practices are used. Therefore, based on the 
foregoing Decision Tree analysis of Bacillus licheniformis as a type species, which is 
widely accepted as a non-pathogenic and non-toxigenic host organism, the genetically 
modified Bacillus licheniformis strains derived from the Bacillus licheniformis SJ1707 are 
considered to be safe production strains for food enzymes and their intended uses. 

2. TAXONOMY OF ENZYME AND MICROORGANISM 

2.1 Enzyme 

IUB nomenclature: Alternansucrase 
Systematic name: 
E.C. number: 2.4.1.140 

Reaction: 
Alternansucrase is an enzyme that transfers an a-D-glucosyl residue from sucrose to the 
6-position and the 3-position of the non-reducing terminal residue of an a-D-glucan, 
thus producing a glucan having alternating a-(1,6)- and a-(1,3)-linkages. 

Sucrose-l,6( 3)-a-gl ucan 6( 3)-a-gl ucosy It ra nsf er ase 

CAS number: 100630-46-4 

The Sucrozyme Product Sheet is enclosed (Appendix A). 

2.2 Microorganism - host strain 

The classification of the host strain is based on the taxonomic characteristics (Priest, F.G. 
and Alexander, B. Journal of General Microbiology, 134:3011-3018, 1988. 

Name: Bacillus licheniformis 
Order: Bacillaceae 
Genus: Bacillus 
Species: licheniformis 
(Reference: Bergey’s Manual of Systematic Bacteriology). 

3.0 CONSTRUCTION OF PRODUCTION ORGANISMS DERIVED FROM SJ1707 HOST 
STRAIN 
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The construction of the Bacillus licheniformis production strain JA2444, from the parent 
strain DN2717, via the host strain SJ1707, uses cGMP, well-characterized and commonly 
used Bacillus regulatory sequences (Appendix G - plamisd map and chart), and 
equivalent manufacturing processes as all other production strains derived from SJ1707. 
The host strain belongs to the species Bacillus licheniformis (Ref.: Gordon, R.E.: The Genus 
B a c i h ,  Agricultural Handbook No. 427, United States Department of Agriculture, 1973). 
The strain designations are the Novozymes Identifications Numbers. 

Parent Strain: DN2717 is a sporulation-deficient derivate of a natural isolate of 
B. licheniformis, ATCC 9789. This strain naturally produces a 
subtilisin type protease and an a-amylase. This DN2717 strain is the 
ancestor of Bacillus licheniformis strains that have been used safely 
for industrial production of enzymes marketed and sold since 1972.11. 14, 15, 19.27.32. 33 

Host Strains: SJI 707 was derived from the Novozymes Baci//us licheniformis 
DN2717 cell line by replacement of the a-amylase (amyl) gene 
with the Thermoanaerobacter cyclomaltodextrin 
glucanotransferase (CGTase) gene and the introduction of 
approximately 135 base pair internal deletion in the subtilisin type 
alkaline protease (aprE) gene. MDT 227 is a marker-free strain 
derived from SJ1707. MDT 227 is deleted for the aprE homologue, 
which encodes a subtilisin type alkaline protease and the mpr 
homologoue, which encodes another protease termed the C- 
component. THO49 is a derivative of MDT227 and is deleted 
additionally of five serine protease genes termed vpr, bprA, bprB, 
epr, and wpr. 

Production Strain: JA2444 was constructed by transformation of THO49 with the 
truncated wild-type gene of the alternansucrase under control of 
commonly used Bacillus regulatory sequences that have a long 
history of safe use by Novozymes. 

4. SAFETY EVALUATION 

4.1 Overview of the Safety of the Production Strain 

The safety of Bacillus licheniformis production strain JA2444 was established following 
published criteria for the assessment of the safe use of microorganisms used in the 
manufacture of food ingredients (Pariza & Johnson' IFBC, 1 9903, Olempska-Beer, 
200626). Based upon the published literature, the host strain B. licheniformis SJ1707 has 
been thoroughly characterized. In addition, the introduced DNA used in the 
construction of production strains derived from SJ1707 are well-known and 
characterized. In addition, the procedures used to modify the host organism are well- 
defined and commonly used in the industry. The safety assessment of an enzyme 
preparation to be used in food or food processing should include an evaluation of the 
safety of the enzyme source (production organism), the enzyme component, and the 
manufacturing process, as well as a consideration of dietary exposure. 

Cf 0 0 1 3 9 
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Novozymes has used the decision tree in Pariza & Johnson, 2001, as a basis for our safety 
assessment. The production strains including the host strain SJ1707 and all derivatives 
including the current production strain JA2444, are genetically modified by rDNA 
techniques commonly known and used in the industry. The expressed enzyme product 

More specifically, the enzyme product is a truncated wild- is an alternansucrase.3 
type alternansucrase from Leuconostoc mesenteroides. The introduced DNA is  well- 
characterized and safe for the construction of microorganisms to be used in the 
production of food-grade products. The DNA has been integrated through specific 
integration into pre-selected loci. Production strains are well-characterized by qualified 
scientists and technicians. Novozymes has extensive experience working with B. 
licheniformis production strains and has developed expertise in identifying and 
characterizing these strains in order to prevent contamination and ensure continuing 
acceptable, economic yields of a functional enzyme product. Research scientists, 
fermentation engineers, chemical operators, and quality control technicians follow 
standard aseptic microbiological produces as well as specific Novozymes protocols for 
monitoring the biological activity, growth, and physiological characteristics of the 
production organism during strain improvement programs and during large scale 
industrial fermentations. In addition, the final commercial enzyme product must 
perform reproducibly, meet Novozymes' technical service department requirements, 
and consistently meet the needs of customers in the food industry. All of these periodic 
and continuous monitoring activities serve not only to guarantee customer satisfaction 
with Novozymes' enzyme products, but also indicate that there are no unexpected 
secondary effects of the genetic modifications. 

2,48&49 

As outlined in the decision tree analysis above, the production strain is derived from a 
safe strain lineage. Novozymes has used B. licheniformis production strains for over 30 
years. Table 1 below in Section 4.2.2 outlines some of the Novozymes' products 
produced by B. licheniformis production strains and a summary of safety studies 
conducted on products derived from Bacillus licheniformis production strains derived 
from the SJ1707 strain. Thus, the strain SJ1707 and derived production strains meet the 
elements set forth in Pariza & Johnson' to establish safe strain lineage for the food 
industry. 

4.2 Safety of Production Organism and Production Strain 

4.2.1 Safety of B. licheniformis 

B. licheniformis is widely used as a production organism for the production of enzymes. 
The history of safe fermentations using B. licheniformis has been documented for over a 
half ~ e n t u r y . ~ * , ~ ~  FDA has published a review on the safety of microorganisms used as 
hosts for the enzyme-encoding genes, the construction of recombinant strains including 
bacterial host strains, and a l is t  of enzymes from recombinant microorganisms based on 
FDA regulations, GRAS affirmation petitions, and GRAS notices.26 An FDA overview on 
the safety of microbial enzymes used in food: FDA perspective is a synopsis of the 
regulations and examples of safety assessments of case studies for a lipase enzyme 
preparation from Penicillium camembertii, a chymosin derived from E. coli K-12, and an 
alpha-amylase enzyme preparation from B. lichen if or mi^^^ (Appendix C: Merker & 
Olempska-Beer, Safety of Microbial Enzymes Used in Food: FDA Perspective, 
presentation). 
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4.2.2.1 Overview of GRAS Enzymes Derived from B. licheniformis 

d 
~ >& 

A review of GRAS affirmation petitions and GRAS notices of enzymes from 
recombinant microorganisms including B. licheniformis is summaried by Olempksa- 
Beer26 (Table 1, p. 146; (www.cfsan.fda.gov/-rdb/oDa uras.htm)). In addition, both 

carbohydrase and protease enzyme mixtures from B. licheniformis have been affirmed 
by the FDA as generally recognized as safe (GRAS)”r20 based partly on published 
literature establishing that B. licheniformis is widely recognized as a harmless 
contaminant of food and unpublished studies which corroborate that food uses of 
enzyme products from B. licheniformis are safe.” 

4.2.2 Safety of B. licheniformis strain SJ1707 and its derivatives 

The recipient host B. licheniformis strain, TH049, used in the construction of the Sucrozyme 
alternansucarase production strain JA2444, is derived from B. licheniformis strain, SJ1707, 
a sporulation deficient and alkaline protease negative derivative of a natural isolate of 
B. licheniformis, ATCC 9789. The B. licheniformis strain SJ1707 is the ancestor of 
B. licheniformis strains that have been used safely for industrial production of enzymes 
since 1972. SJ1707 and derivatives thereof has been used as host strain in the construction 
of several production strains for other Novozymes enzyme products. For these production 
strains, B. licheniformis strain SJ1707 or derivatives was used as host strain for the 
construction of these final production strains by standard transformation procedures using 
well-known plasmid vectors and well-characterized DNA sequences. In each case, the 
recombinant plasmid DNA was integrated into the B. licheniformis host strain 
chromosome by homologous recombination. All of these production strains comply with 
the OECD criteria for GlLSP microorganisms4 and meet the criteria for a safe production 
microorganism as described by Pariza and Foster’ and Pariza and Johnson’ and several 
expert groups.3, 13,  18, 3437 No toxicological effects were observed for any of the test 
substances produced by strains derived from B. licheniformis strain SJ1707. 

The outcome of the appropriate safety evaluations outlined by these expert groups 
supports the determination that the Sucrozyme production strain, JA2444, would not 
present a pathogenic or toxigenic risk greater than that of its “parent“ strain, SJ1707, or 
any of its derivatives described above and therefore can be regarded as a safe 
production microorganism for the modified Sucrozyme alternansucrase enzyme. 

. Novozymes has used Bacillus licheniformis production strains for over thirty years. Table 1 
below outlines some of Novozymes‘ products produced by B. licheniformis and the safety 
studies conducted on these products. SJ1707 was reviewed by FDA, which summarizes 
that these studies are published and unpublished.26 Toxicological testing, confirming the 
safety of enzyme preparations derived from these B. licheniformis production strains, was 
done as indicated in the table below. An ”X” indicates the study was done, a ”-” indicates 
the study was not done. 

0 I) 0 ‘I 4 1 
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Table 1. 

romosome 

jlt”.;se lymphoma l -  
llin vivo tox: I 

-week oral in rats l x  
1113 week oral in rats I -  
Comments 

NOAEUNOEL 

No 
treatment 

related 
effects 

1.32 g TOS 
II I ka bw Ida\ 

Duramyl 

PPY 5067 

No 
treatment 
related 
effects 

1.8 g TOSl 
:g bw /day 

Toruzyme 

PPA 4357 

~ ~ 

No 
treatment 

related 
effects 

2.6 g TO51 
kg bwlday 

rermamyl LC 

PPY 5977 

X 

X 

X 

No 
treatment 

related 
effects 

0.58 g TO51 
kg bwlday 

‘ermamyl SC 

PPY 6347 

.iquozyme >( 

PPY 7075 

Sucrozyme 

PPN 26587 

X 

X 

X* 

related related related 

0.79 g 

*2 wk oral test in rats 

The chromosome aberration test is an in vitro cytogenetic test using cultured human 
lymphocytes in the presence or absence of 5-9 mix. The mouse lymphoma test is a gene 
mutation assay testing for the ability to induce mutations at the tk locus in mouse 
lymphoma cells in the presence or absence of 5-9 mix. No toxicological effects were 
observed for any of the test substances produced by strains derived from B. licheniformis 
strain SJ1707. The cyclodextrin glycosyl transferase enzyme preparation from the 
Toruzyme B. licheniformis production strain is generally recognized as safe.’’ 

The test article for this study was a test batch of the Sucrozyme alternansucrase enzyme 
preparation produced according to our standard operating procedures. The test article 
was administered daily by oral (gavage) to rats for two consecutive weeks. There were 
no unscheduled deaths, no treatment related clinical signs, no treatment related effects 
in body weight gains or food consumption, no treatment related changes in 
hematological or serum clinical chemistry parameters, and no organ weight changes or 
macroscopic changes that were considered related to treatment. Daily administration 
of the test article for two consecutive weeks by the oral route (gavage) to rats at low, 
intermediate, and high doses did not induce any signs of systemic toxicity. No 
treatment related effects were observed at up to 0.79 g TOS/kg body weighuday. This 
toxicological test confirmed the safety of the Sucrozyme production strain, JA2444, and 
the C-truncated wild-type alternansucrase enzyme. 

All of the B. licheniformis strain SJ1707 derived production strains meet the criteria for a 
safe production microorganism as described previously by several expert groups. The 
outcome of the appropriate safety evaluations outlined by these expert groups supports 
the determination that the Sucrozyme production strain, JA2444, would not present a 
pathogenic or toxigenic risk greater than that of its ”parent“ strain, SJ1707, or any of its 

f-  
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derivatives described above and therefore can be regarded as a safe production 
microorganism for the modified Sucrozyme alternansucrase enzyme. 

4.3 Safety of the Donor 

The donor for the alternansucrase gene is Leuconostoc mesenteroides strain BRL 1355. 
The Leuconostoc mesenteroides microorganism is GRAS” and has been authorized for 
food production in E ~ r o p e . ~ ~ , ~ ~  Leuconost08~ mesenteroides is used in the production of 
traditional fermented foods like yogurt, sauerkraut, pickles, and green olivesI3 (see table 
18 on page S115). 

4.4 Safety of the Alternansucrase Enzyme 

Alternansucrase is found in a variety of foods including yogurt, pickles, and sauerkraut, 
for example. Enzyme proteins themselves do not generally raise safety concerns. 1, 16, 17 

4.5 Antibiotic Resistance Genes 

None of the DNA inserts that been inserted into the host strain contains any antibiotic 
resistance genes. As a result, no antibiotic resistance markers have been added to the 
strain. 

4.6 Absence of Production Organism in Product 

The absence of the production organism is an established specification and recombinant 
DNA was not detected in the Sucrozyme product. As a result, the production organism 
does not end up in food. Therefore, the first step in the safety assessment as described 
by IFBC3 is satisfactorily addressed. 

4.7 Safety of the Manufacturing Process 

Sucrozyome alternansucrase meets the general and additional requirements for enzyme 
preparations as outlined in the monograph on Enzyme Preparations in the Food 
Chemicals Codex. The alternansucrase preparation is produced in accordance with 
cGMP, using ingredients that are acceptable for general use in foods, and under 
conditions that ensure a controlled fermentation. These methods are based on 
generally available and accepted methods used for the production of microbial 

4.8 Safety Studies 

4.8.1 Sucromalt 

Sucromalt is a marketed low glycemic sweetener that is produced from sucrose and 
maltose by an enzymatic reaction with glycosyltransferase from L. mesenteroide~.~~ 
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Two safety studies have recently become available.24r42 A 28-day oral toxicity study of 
sucromalt in rats concluded that "consumption of high concentrations of sucromalt for 
28 days is not associated with obvious signs of toxicity" (Appendix F).42 
A second study is a random, double-blind clinical study concluding that "the reduced 
glucose and insulin responses elicited by sucromalt are not explained malabsorption 
and are more likely related to differences in either rate of digestion and absorption or 
post absorption handling by the body" (Appendix E). 24 

4.8.2 Sucrozyme 

As indicated in section 4.2.1, toxicity studies on Sucrozyme and other products from B. 
lichenifomis production strains exhibited no signs of toxicity. 

4.9 Potential Dietary Exposure 

4.9.1 Estimates of Human Consumption and Safety Margin 

The enzyme is used as a processing aid and is subjected to temperatures that inactivate 
the enzyme during the manufacture of the sweetener. In order to illustrate a 'worse- 
case' situation, however, the following calculations are made assuming that all enzyme 
activity is retained in the final product. 

Sucrozyme has an activity of 150 ASRU/g and an approximate content of 12% TOS (Total 
Organic Substances from the fermentation, mainly protein and carbohydrate 
components). 

4.9.1 .I Estimates of Human Consumption - calculation of 'worse-case' enzyme residue 
in low glycemic sugar/sweetener 

In order to demonstrate the 'worse-case' situation, an exaggerated human intake is 
estimated using the following information: 

It is assumed that all enzyme activity is retained in the sugar and sweeteners. 
It is assumed that all low glycemic sweetners produced by Sucrozyme will replace 25 
percent of traditional sucrose & sweeteners. 

Figures used in the calculation for determing the 'worse-case' enzyme residue in the low 
glycemic sweetener: 
Maximum Sucrozyme dosage (1ASR (unit)/g) = O.OOlg/g 

"Enzyme" Total Organic Solids = 12% 
Activity Sucrozyme = 150ASRU/g 

Weight of average person = 60 kg 
Consumption of sugar/sweeteners* = 143 glday 

25% Market share replacement of sucrose = 37.75 g/day 0 0 0 1 a 4 
*The average human intake of sugar and sweeteners is estimated by using well- 
established statistics. In the United States, statistics from the U.S. Department of 
Agriculture (USDA) are used to calculate the potential dietary exposure of the enzyme. *s"" 
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US. per capital consumption of sugar per year: "Sugar and sweeteners-situation and 
outlook report," USDA, Economic Research Service, June 1991: Consumption of  refined 
sugar and high-fructose corn syrup per person per day: 

A twenty-five percent market share replacement of  the low glycemic sweetener for 
sucrose is conservatively estimated t o  be 35.75 g per person per day. Thus, 35.75 grams 
per person per day is  used in the calculation below. lsomaltulose, a nutritive 
sweetener, was estimated to  assume a 5-10 percent market share replacement of  
sucrose (GRN 184). 

e 
.',e 

143 g 

"Worse-case" daily intake per person of Sucrozyme Enzyme TOS from sugar and 
sweeteners: 

35.75 g/day x 0.001 g/g x 0.12 g/g TOS = 4.3 x I O "  g TOS per day 

For an average person weighing 60 kg this number corresponds to  
7.2 x g TOS per kg body weight per day. 

4.9.1.2 Safety Margin 

The safety margin is calculated as dose level with no adverse effect (NOAEL) divided by 
the estimated human consumption. The NOAEL dose level in the 2 weeks oral toxicity 
study in rats is  792.7 mg TOS/kg/day, corresponding t o  1063 ASWkg body weightlday. 

The safety margin is  calculated t o  be 0.792 / 7.2~1O-~or approximately 11,014 

4.10 Results and Conclusions 

On the basis of the evaluation contained in this analysis, a review o f  the published 
literature, the history of safe use of  Bacillus licheniformis, confirmed toxicological 
studies, and the limited and well-defined nature of  the genetic modifications that are 
not known t o  encode or express any harmful or toxic substances, it is  concluded that 
alternansucrase as well as other enzymes can be safely produced by Bacillus 
Iicheniformis host strain SJ1707 and production strains derived from host strain SJ1707 
for use as processing aids in the starch industry for the production of low glycemic 
sweeteners. 

5.0 APPENDICES 

Appendix A 
Appendix B 

Appendix C 

Appendix D 

Sucrozyme Product Sheet 
Olempska-Beer, Z.S., Merker, R.I., Ditto, M.D., and DiNovi, M.J. Food- 
processing enzymes from recombinant microorganims- a review. 
Regulatory Tox. Pharmacology, 45, 144-1 58, 2006. 
Merker, R.I. and Olempksa-Beer, Z.S. Safety of Microbial Enzymes Used 
In Food: FDA Perspective, presentation, 
w . a  n bio.orq . br/pa lest radpa lest ra f da. Dpt, accessed 30-J u l y-2007. 
Merker, R.I. Enzymes from recombinant microorganisms, 
presentation t o  the Enzyme Technical Association, 2Nov2006. 
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Appendix E Grysman, A., Carlson, T. & Wolever, T.M.S. (published online 
22Aug2007).Effects of sucromalt on postprandial responses in human 
subjects. Eur. J.CI inical Nutrition. 

Appendix F Eapen, A.K., Chengelis, C.P., Jordan, N.P., Baumgartner, R.E., Zheng, T. & 
Carlson, T. A 28-day oral (dietary) toxicity study of sucromalt in Sprague- 
Dawley rats. Food and Chemical Toxicology 101 6, 2007.06.008 (in press). 

rr " 

Appendix G Plasmid map and chart. 
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Alternan Sucrase 

Valid from: Preliminary Draft 

Product Characteristics: 
Enzyme Class 

Declared activity 

Colour 

Physical form 
Approximate Density (g/ml) 
Viscosity (cPs) 

Stabiliser 

Preservatives 

Production organism 

Alternan sucrase 

150 ASR/g 

Brown 
Colour can vary from batch to batch. Colour 
intensity is not an indication of enzyme 
activity. Product may be hazy and contain 
slight precipitate; this does not affect enzyme 
activity or performance 

Liquid 
1.25 
20-50 

Glycerol 
Sorbitol 
Potassium sorbate 

Bacillus licheniformis 

Produced by submerged fermentation of a 
genetically modified micro organism. The 
enzyme protein, which is protein engineered, 
is separated and purified from the production 
organism. 
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Product Specification: 

Alternan sucrase Units ASR 150 19 
Total Viable Count 10000 19 
Coliform Bacteria 30 19 

Lower Limit Upper Limit Unit 

Enteropathogenic E.Coli None Detected 1259. 
Salmonella None Detected Q5g. 

The product complies with the recommended purity specifications for food-grade 
enzymes given by the Joint FAOMMO Expert Committee on Food Additives (JECFA) 
and the Food Chemical Codex (FCC). 

Packaging: 

Recommended Storage: 
Best before 

Storage temperature 
Storage Conditions 

See the standard packaging list for more 
information. 

When stored as recommended, the product 
is best used within 3 months from date of 
delivery. 

In unbroken packaging - dry and protected 
from the sun. The product has been 
formulated for optimal stability. Extended 
storage or adverse conditions such as higher 
temperature or higher humidrty may lead to a 
higher dosage requirement. 

0-10°C (32"F-50°F) 

Safety and handling precautions: 
Enzymes ate proteins. Inhalation of dust or aerosols may induce sensitization and may 
cause allergic reactions in sensitized individuals. Some enzymes may irritate the skin, 
eyes and mucous membranes upon prolonged contact. The product may create easily 
inhaled aerosols if splashed or vigorously stirred. Spilled product may dry out and create 
dust. Spilled material should be flushed away with water. Avoid splashing. 
Left over material may dry out and create dust. Wear suitable protective clothing, gloves 
and eyelface protection as prescribed on the warning label. Wash contaminated clothes. 
A Material Safety Data Sheet is supplied with all products. See the Safety Manual for 
further information regarding how to handle the product safely. 

NovorymesAIS For more Infornabon 
Krogshoejvej 36 and addresses of 
2880 Bagsvawd international ofices, 
Denmark please see 

www.novozymes corn 
Tel. +45 8824 9999 or contact 
Fax +45 8824 9998 info@novozymes.com 
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Safety of Microbial Enzymes Used in Food: 3 FDA Perspective 

Robert 1. Merker and Zofia S. Olempska-Beer 
U.S. Food and Drug Administration 

Center for Food Safety and Applied Nutrition 
O f f i  of Faod A d d i e  Safety 

Regulatory Basis 
1958 Food Addwe Amendments to Federal 
Food Drug and cosmetic Act: 
In the United States, a food additive is 
defined as: . any substam the I- useofwh~ch result$ OT may 

wason&y beemected toresuit, diratlyor indkecUy, in Its 

pcnenlkramgnucd tobesafe~mecondlbonsdIts 
intended use 
Lzz2ls2~s=~?not 
. FFLICA. 201 (5) 

GRAS Criteria: Comparing a GRAS Substance to 
a Food Additive 

----- - 

Food Addiive --I -1 
i 

r I -  

. -I 
Evidence 
of safety 

J Overview 
= REGULATORY OPTIONS . Focd a d d i i  (pebtion) 

. GRAS determination - optional nabce 
* * t o m -  

. n o t ~ t o O r e V w  
s SAFETYASSESSMENT 

Infom\abon pmvided in GRAS notres 
w CasestudIS . Lipase from a 'wnvmbmal" nnuvoqanm . Chymmm fmm mlcmglanisms . u-amylase fmm a bioenglneered maoorgansm 

U.S. Regulatory Processes for Food 

Food Additive Petition 
a Regulation in 21 CFR 172 or 173 
G W  Affirmation Petition 

Regulation in 21 CFR 184 
m G W  Notice 

Primary route for submitting information 
on microbial enzymes to FDA . Information available on the Internet 

, The GRAS Proposal: 
"A62 FR 18938 April 17, 1997 - 

Proposed notification program for G W  
substances 

Notifier prepares summary of basis for its 
GRAS determination . Not an iterative process 
Three categories of response letters . "NO qUeStiOnP 

* "NO bwis" . Withdrawn by notifier 
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The Summary of GRAS Notices L- 
a At htt~://www.cfsan.fda.aov/-rdb/orxi- 

was. html 
Lists all Notices and information about 
each notice 

Currently, 24 out of 101 notices are about 
enzymes 

response letter 
Indudes a link to the text of FDA's 

I , GRAS Affirmation Regulations on I I & Microbial-Enzymes 
In 21 CFR 189 

e Submissions in 2002 
GRAS Notices - most commonly used 
means for submitting information about 
microbial enzymes to FDA . Include p u b l i  and non-published 

information 
Consistency in the categories of 
information provided in GRAS notices 

GUS Notices: 
.a- *]&,""- 

.. . , 1  

Some Microbial Enzymes are 
ed Food Additives 

In 21 CFR 173 &bpa~? 8- Enzyme Prepw&m and M~rwrgan~sms 

Information Provided About Microbial 4 Enzyme Preparations in GRAS Notices 

Safety of the enzyme 
Safety of the production microorganism 
Safety of the manufacturing process 
Safety of the enzyme preparation 

2 



4 T h e  Enzyme "... . 

Identity 

Enzymatic activity 
Physicochemical characteristics 

(name, IUB classification, CAS Reg. No.) 

(e.g., MW, thermal stability, optimum pH) 
Genetic modifications at the DNA and 
amino acid levels (if applicable) 

I , For a Bioengineered I -A Production Microorganism 
* Characterization of the host strain 

Description of the expression plasmid 
(genetic material, its identity, organization, 
and origin) 
Description of the gene encoding the 
enzyme (source(s), modifications) 
Introduction of hereditary materials (DNA) 
into the host and characterization of the 
production strain 

4 The Enzyme Preparation 
Composition (including total organic 
solids - TOS) 
Specifications (Food Chemicals Codex, 
4th edition, 19%; JECFA, 2001) 
Absence of transformable DNA 
(bioengineered microorganisms) 

The Production Microorganism 
= Name and taxonomic classification 

Source 
Important characteristics 

Nonpathogenic 
Nontoxigenic 
History of safe use 
Modifitions (classical mutagenesis; 
genetic engineering) 

&The Manufacturing Process 
Fermentation (type of process, raw 

Removal of the microorganism 
Recovery (process, raw materials) 
Purification and concentration 

= Formulation and standardization (e.g., 

= Use of food grade materials 

materials, controls) 

water, sodium chloride, sucrose) 

5 The Enzyme Preparation, cont. 
U s e  in food 

w Level in food (generally very low) 
a Estimation of daily intake 
a Toxicological studies (-by case basis; 

may include e.g., gene mutation, 
chromosomal aberrations, toxicity in rats) 
Consideration of constituents derived from 
source, and manufacturing process 
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' 
Lipase enzyme preparation from 
R?njdfium camemWi 
Chymosin enzyme preparation from 
bioengineerd Escherich cdi K-12 
X-amylase enzyme preparation from 
bioengineerd tbdllus li&n~hmis 

4 Lipase: ?e Manufacturing Process 

Majorsteps: 

. Enzyme secreted into medium 
a Filtration and heat - remove fungal cells - EtOH and acid precipitation 

Centrifuged, dried, uushed, Mended with 
diluent to desired activlty 

Fermentation using food grade ingredients 

: Studies 

"Pathogenicity" study ( 1 -  
organism (P. camemW7) injected into 
mice - no effects, not recovered 

concentrated lipase enzyme preparation 
90daygwagestudyinratsuptoZOOO 
mg/kg/d - no effect 
Bacterial mutagenicity - no effects 

D Toxicological studies ( - ) using 

4 Case Studies: Lipase 
GRN 000068: bpase enzyme preparation derived 
from Penk7llium catntmktti 
Intended Use: Production of fatty acids from fats 
and oils 
Similar to other lipases used in food processing 

= SourceOrganism( 
= Nontoxigenic . Nonpathogenic 
Long used in the produdion of Camembert cheese 

I 

I 4 Lipase: The Enzyme Preparation 
.... . . 

D Specifications: 
Complies with general and additional 
requirements of Food Chemicats Codex, 4th 

Does not contain detectable antibiotics or 
mycotoxins (unpublished) 

edition ( 1 

Estimated intake: 1 mg/person/day 
(unpublished) 

I 

j Lipase: FDA letter 

0 0 fr 1 '7 1 
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Gene encoding X-amylase derives from 6. 
IrnfimiS. 

Modifications for enhanced stability and a lower 
cakiurn requirement (as compared with other X- 
amylases): 

- 3 5  amino acids at amino-terminal region from 

. Fwe add#[onal altered amino adds 
B. ~ w ? J M @ L M ~ X -  amylase 

DNA sequence: highly horndogous to those 

. same enzymatic function as other x-amybses 
encoding other X-amykes 

that have a history of safe use in food ( 1 

I 
Case Studies: Chymosin from 
Escherichia coli K - 1 2 

First FDA regulation issued on an enzyme 
preparation produced from a bioengineered 
organism (21 CFR 184.1685) 

m Bovine enzyme expressed in E. cufiK-12 
8 Subsequent regulations: . Bovinechwsmfmm kWerwnp?snmrx%%w . e o v l n e ~ h o m ~ ~  

4 Chymosin from E coli K-12 
The manufacturing process 

Pure culture fermentation of E d i K - 1 2  GE81 . Rochymosin accumulates within cells as "inclusion 
bodies" . hochymosin is isolated, purffied, and converted to 
thymosin . C h w n  is purified and shown to be identical to 
bovine chyrnosin present in rennet (published 
information) 

sin from E. coliK-12 

The host strain: E coliK-12 JA198 
Nonpathogenic 
Nontoxigenic 

= The production strain: E coliK-12 GE81 
Contains the expression plasmid pPR-87A 
based on the E. culivector pBR322 
The plasmid carries a gene encoding 
bovine prochymosin 

I Case Studies: Bioengineered Y- 
&Amylase 

8 GRAS Notice 000022: X-Amylase enzyme 
preparation derived from a bioengineered 
strain of Bacillus JihtEonnis 

8 Bioengineered for enhanced stabili at low 
pH, low calcium concentration and high 
temperature 

production of syrups (e.g., high-fructose corn 
syrup) and alcohol 

8 Intended use: starch hydrobs in the 

I , Bioengineered .K-Amylase: The I I -5 Production Strain 

8 6. fihnihmis 
.Nonpathogenic( - ) 

. Hisbiiyof use as a source of food enzymes 

Host  strain: B.lWeni?brmisstrain 531707 

. NontDxigenk( 1 

( ) 

(sporulation defident and protease negative) 
Production strain: UH 1159 

contains plasmid pLiHll08 stably integrated into 
the host chromosome. 
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, Bioengineered K-Amylase: The k--.. Bioengineered Strain - 
Plasmid pllHl108 contains: 

The bioengineered X-amylase gene 
Selectable maker: the kanamycin 

DNA seqwnces necessary for plasmid 

= DNA sequences from the certified cloning 

resistance gene encoding aminoglycoside 
3’phosphotransferase 11 

integration 

vectors E194 and pUSll0 

, Bioengineered X-Amylase: The I 
Manufacturing Process 

Pure culture fermentation of the 
bioengineered production strain LiH 
1159 
X-Amylase is recovered from the 
fermentation broth, concentrated, and 
formulated with sodium chloride, 
sucrose, and water 
Materials used in fermentation and 
recovery are food grade 

Bioengineered x-Amylase: The 
e - Preparation, cont. 

Does not contain plasmid DNA (unpublished) 
Does not contain APH(3’)II (unpublished) 
Is not carried over to food (wps and 

Estimated intake: negligible (unpublished) 
T o x ~ i c a l  studies: gene mutation, 
chromosomai abenatiom, subchronic toxici 
in rats, all negative (unpublished) 

alcohol) 

Plasmid Map: pLiH1108 
, DE194onplfl 

PUB110 
(hfl) 

Bioengineered Y-Amylase: The 

Derived from the safe production strain. 
Contains the safe active component, 
bioengineered X-amylase. 
Complies with FCC and JECFA 
specifications ( 
Does not contain the production strain 
(unpublished). 

e Preparation 

1. 

m In the USA., microbial enzymes intended for 
use in food are most commonly submitted to 
FDA as the subjects of GRAS notices, which do 
not require premarket review. 

m GRAS Notices commonly contain and 
unpublished information about: 

The Safety ofthe Enzyme . The Safety of the Production Microorganism 
The Safely of the Manufacturing hocea . The Safety of the Enzyme Preparation 
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Abstract 
Enzymes traditionally isolated from microorganisms, 
plants and mammalian tissue a F  often not well- 
ada ted to the cond&ions used in modem food 
procfktion methods. The use of recombinant DNA 
technology has made It possible to manufacture 
novel enzymes suitable for specific food-processing 
conditions 

Such enzymes may be discovered by screening 
microo anisms s led from diverse environments 
or devgped by m%cation of known enzymes 
using modem methods of protein engineenng or 
molecular evolution. 

Highlights from the recently ! F:: 
published review 

I 
Food-processing enzymes from recombinant 

microorganisms--a review. 
bY 

Zofia Olempska-Beer, Robert Merker, 
Mary Ditto, and Michael DiNovi 
Office of Food Additive Safety 

(Regul. Toxicol. Pharmacol. 2006 Ju1;45(2):144-158 ) 

0.. ... .. . o r ,  

I "  I Outline I 
introauction 
Development of recornbinant production strains 
Characteristics of host strains 
Examples of host strains used for producing 
recombinant enzymes 
Safely of host organisms 
Constructing recombinant strains 
Sources of recombinant enzymes 
Production and assessment of enzyme preparations 
Conclusions 

I :::. 
1 :::* 

~ :" 
Introduction 

Numerous enzymes currently used in food- 
processing are derived from recombinant 
microorganisms 

(microorganisms, plants, animal tissue) can 
be efficiently produced by fermentation of 
well-characterized microorganisms 

Enzymes derived from diverse sources 

, ... ...- 
Advantages of rDNA technology in :E- 
enzyme production 

Enzyme properties can be modified to make them 
compatible with foodprocessing conditions 
(example: a-amylase for starch hydrolysis active at 
90-1 05°C) 

Safety of enzyme production strains can be 
improved by reducing or eliminating their ability to 
produce toxic metabolites 

Multiple techniques to increase yield 

1 



I... 

Development of recombinant ;;:: 
*(I 

production strains 

0 Development of the host (recipient) strain 
Construction of the expression vector 
Transformation of the host strain with rDNA 
(either the entire expression vector or a 
fragment of the vector) 

0 identification of the best recombinant strain 
Additional improvements (e.g., by traditional 

0 Characterization of the production strain 

l 
1 

mutagenesis) 

microorganism 'Submissions submitted to 
FDA --- 

Aspergillus nger Pnytase Chymosin Llpase 

AspargJlus oryzae 
~ ...- ~- 

EstereoPllpase &part~~ proteinase Glucose 
oxidase Laccass Lipase Pect~neslense 
Phovpholaase AI --- 

Ead/us Ishehendormo ~ Alpha-amylase Pullulaanase 

BaaHus subfdfs AlupheacecOlaUate dacarboxylase 

I PUllUlalaSe 

- -- _- 
AJpha-amylase. Maltogenic amylase 

i ... 
, 0.. I..*" 

i t:" 

j 
Commonly Used Host Species 1 

0 Most derived from strains of Bac~Nus subtihs. 6 
lichenifomis Aspergillus oryzae, A niger 

as native sources of 

Grow aATiciently under industrial produdion conditions 
Amenable to genetc manipulation 

Proteasedefiaent strains to increase enzyme yields 
'. Seaste enzymes into fermentation media 

Microorganism Enzymdsubmksion or 

Eschenchra colt K-72 _ _  Chymosin 21 CFR 184 1685 
Fusanum venenatum Xylanase GRN 54 
K/uyvemmyces 'Chyrnosin?i CFR 184 1685 
mamianus var lactrs 

' Pseudomonas Fluorescens ' alpha-amylase GRN 126 
Biovar I 
Tnchodema mse/ 'Pectin lyase GRN 32- - 

regulation 

New strains for production of 
recombinant enzyme preparations 

No prior history of use for food enzyme 
preparations 
I Bacteria: Escherichia coli K-12, Pseudomonas 

fluorescens 
Gram-negative bacteria accumulate (do not 
secrete) enzymes 
Adds steps to purification process - Fungus: Fuswium venenetum 

0.. ... 
0. .  , .r x 

Characteristics of host strains 

0 Nonpathogenic 
No history of conferring disease to humans 

I Nontoxigenrc 

0.. 0.. 

Examples of host strains used for :* 
producing recombinant enzymes 

.~ 

Reviewed by FDA produced from 
uncommon strains 

2 



, ... 
G o o f h o s t  organisms- wi//us j ijrl 

B 6ubtdls 
+ ProgenRa strain 168 Genome soq~encad Well-stw3ed 

Safely of rscombinant enzymes from B suWi$ is documented n 
whetlbow GRAS nmws p r m r s l ~ ~ s  

6 IrchsnrfomrCp. (also 6 amy/o/~quefacrens. G 
sfeamthemphrlus) 
+ Usalsuasssfullyashosts 

Salay d i m  in mwws 
cymoxmty iertse fwne nmoxic 
No homology to QEMS encodmg B CBRUIF protein toxins 

--- 
Safety of Host Organisms: j :::: .r * 

Gram-negative bacteria 
Esch8richie coli K-12 
I) Used for chymosrn prsparalmn production 

... 
I .*r 
j :::: Safety of Host Organisms: 
, a *  

I I "  

A. oryzae 

Not pathogenic 
Related to A. flayus /lost ability to produce 
aflatomns over tune 

Aflatoxin synthesis. in ~ o m e  strains structural and 
r e g u l M t y g e n e s i ~  but- products ara 
nonfunchonal: synthet~c pathways am Mocked 

1 Other m omns with Wbmodsrate toxicity produced at 
I O W J  ' 

mmercl~l use. mycomns produced. not hi3y tom 

3+rutropcopionic acid (npa). kojic acid (b). cydopmzonr 
acul (WZ) 
Maknyme, violacetin (not mmmoniy found in enzyme 
producting strains) 

€PA W UndW TSCA - !OW nskr, lo history Of 

j I;,, Bacillus spp.: Traits used in 
hosts 

. 
Characteristics unrelated to safety 

Nonsporulating mutants 
Spowlatnn dtvens energy from enzyme produdm 

Proteasedeficient mutants - increase enzyme yield 
Secrete proteins into fermentation medium 
Auxotrophic mutants for selection purposes - avads 
safety question of dissemination of antibiotic resistance 
markers 

1 :::, 
1 2:" Safety of Host Organisms: Fungal HOS~S 1111 

Aspetgillus owzae and A. niser 
I L o 6  histo& of use in food production 

A. oiyzae 

. GeMwnesequencedMaS 
A niger . Used foc produaicn of cimC sad (21 CFR 184 1033) 
Lon history of use in production of en mes 
use! in baking, brewing. other food ap&ations 
Historical use leads to consideration as 
nonpathogenic. nontoxigenic 

Kqi mld n produchon of soy .saw. soyb?an paste miso 
and rice wne mke 

. Bioengrneered strains used mnm 1980's. 1990's 

0.. 
0.. ' 
0.. 
. r r  -1 

A,  oryzae Strain Development . 

0 0 0 a '7 6 3 



I ... 
..*r Safety of Host Organisms: 

A. niger ' I  

1 :::- 
I f  

I 

Use as source of enzymes 
+ (callulase, carbohydrase) 21 CFR 173.120 

recombinant chymosin (21 CFR 184 1685) 

e Ochratoxin A (nephrotoxic, carcinogenic) (suggest 
0 Mycotoxin produdion 

testing for presence) 
Other potentially toxic secondary metabolites 
produced in some strains. 

b.0 

Safe use of A. oryzae and A. 
niger 

i::: 
& I  

Fungi: mpy produce Lan lev& of toxic secondary metabolms 

' d e k a e b b  
Levels should not be 

Mycotoxins only produced under stress conditions 

Precautionary measum 

hamM under cond~W~~s of use 

. Can wmd atreas by con(rolbng fmntai lon mndhcnt 

RomEmn I hoa Otnws  wml hstoty af ssfe we . -eat for nycotoxin p-cdw~on under iduslnal hmntabon 
andmow 

I "est new monM for myootoan pv&ia!an ca$&ilty 
I lmplemenwntmkta e m r a m a t  myuniwnswdl not be produced 

underfemmwtm condam8 by myeoroxnpmduchg Jrmns 

0.. ..a* . .*a Safety of Host Organisms: .r< 

Other Fungal Hosts 

0.. 

A. niger Strain Development: i::. 
One example 

t #  

Safety of host organisms: 
Fusarium venenatum 4 .  

Fwnenetum 
Not a know pattqer 
M p t m n s  
My pmducs tnwthscsnes. udmornirs ~USUMO, md c@ic 
peptide eMlPtm B (insectwdal. baclsncdsl ac4Wei). 
Not produced under controlled fermentation conditions 

Mymprotein souca - pxAewich p d u d  used in U K since 
1985 

m e i n  mummiy t u f m  for mchomeCnea ma fuumt 
Xylanase ewessed from a Dene from l'hemomyess 
lanugrnf~~~s (GRN 54) 

nrsur wh mcnaneocno synthara psne dC!-=iion. CWuKlcrod mfe 
SwYcQ 

... 
Constructing Recombinant i:;: ^ I  

Strains 
Welkharederized hcmt strains 
Introduca -red genes on expression vectors to increase 
expressan 
Expressionvectors 

whalMeySr9 
PMunld OW Lexuschromoromal. se((-replicatng DNA) 
E x p r e ~ a n  uIYlt% 

A smhmve mark= (commonly pnt,biotk reanence bot melsbolrc 
markers also used) 

. (nnlrmm). pmnwhc.. gene .llmdw um .nr)rme unvlbr 

May be maintained as extrachromosomal elements 
(usually in bacterial hosts) or integrated either at random 
or spectfic sites on the chromosome 

P . ,c 

4 



Expression Vectors (2) 
On the plasmid backbone: 

Replcaton w i n  mmpatible wth replication in 
desired bacterial host 

8 A selecbve marker that is active in bacterial hosts 
(kafl’, amp. tet) [oRen wad in vector construction] 
if designed for use in fungi, a selective marker for 
fungal hosts 

(a&. encodes acetamnidase gmwth on awtmde) 
(URA3 - encodes OmtidineS-phosphate (OMP) 
decarboxylase -can axnpkfnent mutatmns in 
prokaryotic and eukaryote enzymes) 

I FineTuning 

0 Genes: can incorporate into host genome 
6 At different loci 
i- In different copy numbers 

On at multiple stes on chromosome 
On high copy number plasmid 

, Assess expression levels 
May use mutagenesis to increase expression 

I Sources of Recombinant 
, L “  I enzymes / I  

I 
0 Sources: microbial, plant, animal sources 
0 Many identical to long-used food enzymes 

Chynnmin from E coli, K mantianus var lachs. am A nger var 
0 w a m  

0 Commonly derived from wellcharacteritad, culturable 

0 Direct DNA isolation from environment. create 

IhmcaJ to &nnWdmvea n n n a  

microorganisms 

expression libraries in suitable hosts and screen for 
appropriate activities 

New .creenmg lechniques, new sources 

Opttmmng pmperhes for industrial use use wmus lechnlques to 
adapt 

Site-rwSmS rnulaganaw e((.c(lve whm stlrudurs-(uncbon 
mJahoNh~ps an mfi-eluodsted 

, 0.. 

FDA reviews of recombinant 
enzymes 

I i:., 
5. lichenifomis alpha-amylase (GRN 22): 

with 5. amybliquefaciens sequence and 
5 additional aa substitutions 

. N- terminus: replace B. lichenifomis sequences 

Hybrid alpha-amylase (GRN 126) 
Environmentally isolated DNA subjected to 
directed evolution through gene shuffling of 
environmental isolates from three Archaea. 
produced in Pseudomonas fluorescens 5iovar 1. 

I 

0.. ... 
..I. 

0 ” .  * ”  

Production: Fermentation 

0 Controlled fermentation of production strains 
Food grade medium components 

Satisfy nutritional requirements of production strain 
Batch process: large-scale. aerated fermenters 
. Controlled parameters pH. temperature. aeration 
Test for contaminants. discard if present 
Antifoams. alkali for pH adjustment 

5 



Production: Processing 
I 

0 Most enzymes: 
/I secretedintomedium 
j Concentrated by ultrafiltratian and evaporalm 
I Formulated vvlth sumse. maltc6e. maltodextnn. 

potassium sorbate. sodium benzoate. or other umilar 
compounds 

0 Final product = enzyme preparation 
(. Contains fcimulating ingredlents; . May retain metabolites from producton organism. 

compounds used in fermentation and pmessing 

1 L  I Conclusions 

0 Recombinant methods 

0 Techniques to increase yield 

a Allow for expression of enzymes in hosts that are 
well-adapted to large scale industrial fermentation 

4 Effiaent promoters 
Q MuhpkCOpkS 

0 Tailor properties to food processing 
conditions 
s Modify aa sequence for increased thermostability 

or altered pH stability 
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Assessment 
I !'' I 

Used in food processing at low levels 
Removed from some foads during processing 
Inactwated during processcng, ([.e.. cooking, baking) 
Exposure calculations: 

Concentrated enzyme ~CI~ON formu!&on tested according 

Specifications by Food Chemlcais Codex, JECFA 
Test for transformable DNA encoding antibmc 

&sed on total organic a i d s  nos) 
[ e f ~ ~ m a  PIUS orgmruc mnenal. exctuding fmulabng ~ngredlantr] 

to generally accepted procedures 

resistance 
Not detected in submssions to date 

... 
0.. 
0. 0 

Safety of Production Strains 
Well-charactemed. nonpathogenic. nontoxigenic. history of 
safe UK in food mufadure 
Minimize mycatoxins through contrOUed fenmantation 
candbns 
secondary metaWtes of certain rUng8i ptoducnon strains 

Targeting doned genes into designated 

Improved host strains 

chromosomal loci to avoid potential unintended 
effects 

Proteased&cmnt mutants 
Sporulation-dehaent strains 

ci 0 0 2 '7 9 
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Position 

4 

I Size 

Novozyrnes North America, Inc. 
Decision Tree Analysis of Safe Strain Lineage of Enzyme Products Derived from 
Bacillus licheniformis 

48234895 
48964912 

4913-5221 

5222-5224 
5225-8953 

8954-8982 

8983-9537 

Confidential Business Information 

73 amp!. Terminator B. licheniformis ATCC 14580, complete genome. 
17 Linker (BglIl, Cial) Synthetic 

B. lichenifomis ATCC 14580, complete genome. 309 

3 Linker (AatI) Synthetic 
3729 S.aureus plasmid pE 1 9440 ORF's A,B,C,D,E, & F 

Synthetic 29 

555 pUBl10 Plasmid PUB I 1 03' (S.aureus) complete genome 

N-truncated YVdE (downstream 
region of amyL gene) 

pE 1 94 
Linker (Xhal, BamHI, Xmal, KpnI, 

S a d )  

Appendix G 

Description of plasmid JA2 138 

9537 bp 12 bp 

8953 8982 ba bp %-%3 bp 

0 0 0 2 1 7  
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