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From: Ricardo Carvajal

To: McMahon. Carrie

Subject: RE: REGARDING: GRN 678 (alpha-cyclodextrin)
Date: Tuesday, January 10, 2017 1:35:26 PM
Attachments: image001.png

Dear Ms. McMahon:

Thank you for the information in your email below. At present, Wacker wishes to exclude uses of
alpha-cyclodextrin in meat and poultry products falling under the jurisdiction of USDA. Given the
method that Wacker used for estimating daily intake, the exclusion of uses in meat and poultry
products has no impact on the dietary exposure analysis in Part 3 of the GRN. Please let me know if
you have any further questions about this issue.

Best regards,

Ricardo

Ricardo Carvajal, J.D., M.S.
Hyman, Phelps & McNamara, P.C.
700 13th Street, N.W.

Suite 1200

Washington, D.C. 20005

tel: (202) 737-4586

fax: (202) 737-9329

rcarvajal@hpm.com
Admitted in the District of Columbia

www.hpm.com
Visit the HPM blog at: www.fdalawblog.net

From: McMahon, Carrie [mailto:Carrie.McMahon@fda.hhs.gov]
Sent: Friday, December 30, 2016 10:38 AM

To: Ricardo Carvajal

Subject: REGARDING: GRN 678 (alpha-cyclodextrin)

Dear Mr. Carvajal,
REGARDING: GRAS Notice No. GRN 678 (alpha-cyclodextrin)

According to Wacker Chemical Corporation (Wacker), alpha-cyclodextrin is to be used in a
varieties of processed and ultra-processed foods, as well as certain beverages. Wacker
further explains that some of these foods may constitute meat or poultry products falling
under the jurisdiction of the U.S. Department of Agriculture (USDA).

We noted that Wacker’s GRAS Notice does not contain data or information supporting the
suitability of alpha-cyclodextrin in meat or poultry products falling under USDA jurisdiction.
Consequently, prior to forwarding the GRAS Notice to USDA for their evaluation, we
contacted USDA’s Risk, Innovations, and Management Staff to ask about the necessity of
suitability data/information.



USDA advised that data/information supporting the suitability of alpha-cyclodextrin for use
in USDA-regulated products is needed in order for USDA to conduct their evaluation. They
asked that we refer you to the Compliance Guidance (available online here:
https://www.fsis.usda.gov/wps/wcm/connect/c64d8f3b-56aa-49¢9-91f3-

dafOcaababbd/New-Technology-Protocols-042015.pdf?PMOD=AJPERES ).

So that FDA and USDA can determine how to proceed, please confirm whether or not
Wacker is able to provide suitability data to support the use of alpha-cyclodextrin in
products falling under USDA jurisdiction.

Please contact me if you have any questions.

Regards,

Carrie McMahon, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration

Tel: 240-402-1202

Carrie. McMahon@fda.hhs.gov

p2Y U.S. FOOD & DRUG

ADMINISTRATION
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This e-mail is sent by a law firm and may contain information that is
privileged or confidential. If you are not the intended recipient, please

delete the e-mail and any attachments and notify us immediately.
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From: Ricardo Carvajal

To: McMahon. Carrie

Cc: Albert Bar

Subject: RE: GRN 678 - alternate FDA contact for Feb 26-Mar3
Date: Monday, March 06, 2017 1:45:47 PM

Attachments: Annex 5 - Wacker Alpha-CD GRAS Dossier 2004 (00304108).pdf
Annex 4 - Wacker Alpha-CD GRAS Dossier 2004 (00304106).pdf

Annex 3 - Wacker Alpha-CD GRAS Dossier 2004 (00304104).pdf
Annex 2 - Wacker Alpha-CD GRAS Dossier 2004 (00304100).pdf
Annex 1 - Wacker Alpha-CD GRAS Dossier 2004 (00304099).pdf
Wacker Alpha-CD GRAS Dossier 2004 (00304088).pdf

Dear Carrie:

As we discussed, attached is the GRAS dossier and annexes prepared in support of Wacker’s GRAS
determination in 2004. We will follow up with the answers to FDA’s questions by Wednesday.

Best regards,

Ricardo

Ricardo Carvajal, J.D., M.S.
Hyman, Phelps & McNamara, P.C.
700 13th Street, N.W.

Suite 1200

Washington, D.C. 20005

tel: (202) 737-4586

fax: (202) 737-9329
rcarvajal@hpm.com

Admitted in the District of Columbia

www.hpm.com
Visit the HPM blog at: www.fdalawblog.net
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1 NAME AND CHEMICAL STRUCTURE, PHYSICOCHEMICAL AND
CHEMICAL PROPERTIES, OCCURRENCE IN NATURE

1.1 Name and chemical structure
Common or usual name: o-cyclodextrin
Synonyms: cyclohexa-amylose

cyclomalto-hexaose

a—-dextrin?!

CAS Registry Number: 10016-20-3

Empirical formula: (CeH1005)6

Molecular weight: 973 daltons

Structural formula: a-CD 1s the cyclic polymer of six

a-1,4-1inked glycopyranosyl units
(see Fig. 1)

1.2 Physicochemical properties

Solubility in water (g/100ml at 25°C): 13.0 (range: 12.8-18.0)7
Specific rotation [o]% (1%, H:0): 148 + 3°

! Freudenberg & Rapp, 1936; Samec & Blinc, 1939

2 12.8 (Jozwiakowski & Connors, 1985); 13.0 (Nagatomo, 1985); 14.5 (French et al., 1949);
18.0 (Okada et al., 1988)

% 136 + 3 (FLUKA, Catalogue of chemicals and biochemicals, 1995); 148.8 (Okada et al.,
1988); 150.5 (French et al., 1949; Andersen et al., 1963)
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Water of hydration (wt%): 6.0 — 10.94

Melting point (°C): ca. 250-278°C (decomposition)®

Acid dissociation (pKs at 25°C) 12.33°

1.3 Other properties relevant for the use of a-CD as a food
ingredient

1.3.1 Hygroscopicity

a-CD crystallizes with about 6 mol water per mol o-CD (Nakai et
al., 1986). At low environmental relative humidity (R.H. < 20%),
some of this water is lost (Nakai et al., 1986). On the other
hand, additional water is taken up in a humid atmosphere (up to a
total water content of about 6.6 mol/mol oa-CD at R.H. > 79%).
However, the product remains a dry, pourable powder (Nagatomo,
1985; Nakai et al., 1986; Tanada et al., 1996). A non-
stoichiometric hydrate with 7.57 mol of water of hydration’ has

also been described (Maggi et al., 1998).

4 6.0-6.6 (Nakai et al., 1986); 6.9-10.9 (Nagatomo, 1985)

5 250-260 °C (Linssen et al., 1991); 278 °C (Aldrich Chemical Company, Catalogue/handbook
of fine chemicals, 1999/2000)

according to Gelb et al., 1982

syn: water of crystallisation
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1.3.2 Chemical stability

Under the pH conditions encountered in foods, oa-CD is stable.

Strong acids hydrolyze o-CD, but the hydrolysis rate i1s slower
than that of linear maltooligosaccharides. The half-life of ring
opening In 1IN HCI at 60 °C is 6.2 hours (Uekama & lrie, 1987). No

degradation occurs in an alkaline environment.

Since oa-CD has no reducing end, i1t does not undergo Maillard re-
actions. Because 1t carries no reactive functional groups, it

does not chemically react with other food components.

1.3.3 Thermal stability

Under the temperature conditions applied during the processing
and storage of food, o-CD is stable. With increasing temperature,

o-CD looses bound water (Nakai et al., 1986). Thermal decomposi-
tion occurs at about 250-278°C (melting point).

1.3.4 Enzymatic stability

o-CD 1s hydrolyzed by oa-amylases of fungal or bacterial origin
(Freudenberg & Rapp, 1936; Jodal et al., 1984; Saha & Zeikus,
1992; McCleary, 2002). Salivary (human) and pancreatic (porcine,

human) a-amylases, on the other hand, are unable to hydrolyze o-
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CD to a significant extent (Kondo et al., 1990; Marshall & Miwa,
1981; McCleary, 2002).

1.3.5 Complexation

The circular molecules of a-, B- and y-CD are shaped like a hol-
low truncated cone or torus (Fig. 2). Because the hydrogen atoms
and the oxygen atoms of the glycosidic bonds are facing the inner
side of the torus, while the hydroxyl groups are located on the
outer side, cyclodextrins have a hydrophobic cavity and, at the
same time, a hydrophilic outer surface which makes them water-
soluble. The hydrophobic cavity enables cyclodextrins to form
complexes with a variety of organic compounds. The diameter of

the cavity provides for a certain selectivity of the complexation
of "guest” molecules, i1.e., the bigger ring of the 8-membered y-

CD can accommodate a wider variety of guest molecules than the

smaller rings of a- and B-CD. Large guest molecules may complex
with more than one cyclodextrin molecule (Le Bas & Rysanek,
1987). Typical equilibrium constants rank between 10°-10% Mol™
(Connors, 1995).

The formation of inclusion complexes is the basis for certain ap-
plications of cyclodextrins in food, cosmetics, and pharmaceuti-
cal preparations (Hedges et al., 1995; Nagatomo, 1985; Loftsson &
Masson, 2001). However, it must be noted that the formation of
complexes between cyclodextrins and guest molecules i1Is reversi-
ble. Consequently, there i1s an equilibrium between free and com-
plexed forms i1n solution. In food and biological fluids, many
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factors will influence this equilibrium. For example, other mole-
cules may compete for the binding of the guest molecule, or for

inclusion in the cyclodextrin ring.

1.4 Occurrence in Nature

Cyclodextrins were first isolated by Villiers in 1891 from a cul-
ture medium of Bacillus amylobacter (Clostridium butyricum) grown
on a medium containing starch. More detailed work on cyclodex-
trins was done by Schardinger between 1903-1911. During studies
on microbial food spoilage, he isolated Bacillus macerans, a
heat-resistant, o-CD producing microorganism (Schar-dinger, 1903;
French, 1957). Since then, many other bacteria have been de-
scribed which are able to produce cyclodextrins from starch. In-
vestigations on the CD metabolism of K. oxytoca suggest that CDs
play a role in a starch utilization pathway with extra-cellular
conversion of starch into CD by CGTase, subsequent uptake of the
CD by a specific transport system, intracellular ring opening by
a cyclodextrinase, and finally hydrolysis and further catabolism
of the formed maltooligosaccharides (Feederle et al., 1996; Fied-
ler et al., 1996; Pajatsch et al., 1998).

However, there is no known significant intake of naturally occur-

ring cyclodextrins with food.
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2 MANUFACTURING PROCESS

2.1 General aspects of cyclodextrin production

a-, B-, and y-Cyclodextrin, 1i1.e., cyclohexa-, hepta- and octo-
amylose, are Tformed by the action of cyclodextrin-glycosyl-
transferase (CGTase, EC 2.4.1.19, CAS 9030-09-5, syn: cyclodex-

tringlucanotransferase).

CGTases are amylolytic enzymes which are produced naturally by
different strains of Bacilli (e.g., B. macerans, B. circulans, B.
lentus, B. firmus, B. subtilis, B. megaterium) and organisms of
different other species (e.g., Klebsiella pneumoniae, K. oxytoca,
Micrococcus sp., Thermoanaerobacter sp., Brevibacterium sp.) (Bi-
kbulatova et al., 2000; Tonkova, 1998; Sicard & Saniez, 1987;
Schmid, 1989; Bender, 1977).

CGTases degrade starch by a cyclization reaction. There is evi-
dence that the enzyme recognizes the 6 to 8 glucose units from

the non-reducing end of an amylose molecule, attacks the adjacent
o-1,4-linkage, and transfers it to the C-4 position of the non-
reducing end to produce a-, B- or y-CD (Schmid, 1989). Typically,
mixtures of a-, - and y-CD are formed by the action of CGTases

on amylose®. However, different CGTases produce o-, P-, and y-CD

8 CDs with 9-12 glucose units have been described as well (Pulley & French, 1961).
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in different proportions during the initial phase of the reaction
(Yim et al., 1997). On this basis, a distinction between a-, B-,
and y-CGTases has been made. The CGTase from K. oxytoca primarily

produces mainly a-CD and is, therefore, regarded as a-CGTase.

For isolation of cyclodextrins from the enzymatic reaction mix-
ture, two different procedures are available. In the "solvent
process™, a suitable organic substance is added which forms an
insoluble complex with the desired cyclodextrin. In the '"non-
solvent process™, chromatographic techniques are applied to sepa-
rate the formed cyclodextrins (Sicard & Saniez, 1987).

By adding, iIn the solvent process, an appropriate complexing
agent, the yield of that cyclodextrin is favored which forms an
insoluble complex with the complexant. 1-Decanol has been identi-
fied as selective complexant for enhancing the yield of o-CD
(Flaschel et al., 1982, 1984; Armbruster & Jacaway, 1972).

2.2 Manufacturing process of a-CD

2.2.1 Description of process

A scheme of the production process (batch process) of o-CD used
by Wacker Chemie GmbH i1s shown In Figure 3. The critical control
points and control standards are shown in Annex 3.

137145



In a first step, food-grade, liquefied starch with a low dextrose
equivalent (DE 5.5-7.5) 1s treated in a closed stainless steel
vessel with a-CGTase (prepared as described in section 2.2.2) un-
der controlled pH and temperature conditions (pH 6.0-7.0; 35-
45°C). During the process, l-decanol is added in stoichiometric
quantity iIn order to precipitate formed o-CD as «a-CD/1l-decanol
complex (data on 1-decanol are provided In section 2.2.3). After
completion of the reaction, the insoluble oa-CD/1-decanol complex
iIs continuously mixed with water and separated from the reaction
mixture (containing residual starch and the enzyme preparation)
in a decanting centrifuge. The recovered precipitate iIs re-
suspended in water, and dissolved by heating to 110-130°C (30
min). On subsequent cooling of the two-phase system to 45-75°C,
the complex precipitates again. The precipitate is recovered by
centrifugation and 1-decanol 1is stripped off by steam distilla-
tion at 100-130°C. Upon cooling to a temperature of 15-40°C, o-CD
crystallizes from the solution. The crystals are removed by fil-
tration and dried. o-CD is obtained as a white, crystalline pow-

der with a water content of less than 11%.

In summary, the different products entering the process are the
following:
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Product Function

Liquefied starch Raw material
solution
Sodium hydroxide Processing aid

a-CGTase preparation Enyzme

Water (deionized) Solvent

1-Decanol Complexing agent

157145

Specifications

Food-grade, 31 — 34%
d.s., DE 5.5-7.5

Food-grade;
21 CFR 8§ 184.1763

Complies with general pu-
rity criteria for enzyme
preparations (FCC 1V)
Enzymatic Activity:

> 500 U/ml;
Heavy metals: <5 ppm
Total aerobic counts:

<100 CFU/g
Coliforms: absent
Pathogens: absent

Source organism: 0 CFU/ml

Purity: > 98%



2.2.2 Production and safety of the applied enzyme (CGTase)
preparation

2.2.2.1 Source organism

Klebsiella oxytoca M5al (formerly K. pneumoniae M5al, Tformerly

Aerobacter aerogenes M5al) was found to secrete a catalytically

very efficient o-CGTase (Bender, 1977). The gene coding for the
CGTase was isolated from this strain and characterized (Binder et
al., 1986), cloned in pHE3 (Henneke et al., 1982), isolated again
and inserted iIn the expression vector pJF118EH. The characteris-
tics of the expression vector pJF118EH are described in the lit-
erature (Furste et al., 1986). It carries a controllable tac

promoter.

A strain of Escherichia coli K12 served as host. The applied
strain 1s characterized by i1ts Hfr genotype and '"leaky'™ pheno-
type. Its secretion capacity was enhanced by selection for D-
cycloserin resistence as described elsewhere (Bock et al., 1994).
Furthermore, the tra-A gen (coding for the pilin protein) was de-
leted In order to ensure that the strain has no ability for con-
jJugation. The efficacy of this procedure was confirmed by mating

tests.

The source organism of a-CGTase (E. coli WCM105xpCM703) has been
deposited at the DSMZ (Deutsche Sammlung von Mikroorganismen und

Zellkulturen GmbH, Braunschweig, Germany).
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2.2.2.2 Production

For production of o-CGTase, the recombinant E.coli strain is cul-
tured In a standard medium containing food-grade glucose, food-
grade mineral salts, a nitrogen source (casein hydrolysate), mi-
cro-nutrients, food-grade vitamin B;, and yeast extract. The pH
of the fermentation broth is adjusted to the desired value by

adding food-grade ammonia or phosphoric acid.

The E. coli inoculum is prepared in a scale-up cascade of four
steps (agar plates, shake flasks, lab-scale fermenter, pilot fer-
menter). The culture media used In the scaling-up procedure, con-
tain tetracycline at a concentration of 20 mg/l. With the iInocu-
lum, tetracycline i1s transferred to the medium used iIn the pro-
duction fermenter (concentration: 1.3 mg/l).

After the E. coli has grown to a certain density, enzyme produc-
tion is initiated by addition of isopropyl thiogalactoside (IPTG)
(78 mg/1). When the desired enzyme activity has been reached in
the fermentation broth, bacterial cells and particles are removed
by centrifugation. The supernatant is cooled to 10°C and filtered

first through modular filters and then through membrane filters

with a nominal pore size of 0.2 um. The filtrate is concentrated
by cross-flow ultrafiltration using membranes with an nominal

cut-off molecular weight of 20,000 daltons. For preservation,
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sorbic acid may be added to the concentrate at a concentration of
5 g/l.

The identity of the recombinant E. coli strain grown in the pro-
duction Tfermenter is verified by culturing a sample on agar
plates. The o-CGTase preparation which has the appearance of a

brownish liquid, is analyzed for enzyme activity (specifications:
> 500 U/ml) and microbial contaminations (specifications: recom-

binant E. coli 0 CFU/ml, total aerobic microorganisms < 10,000
CFU/ml). The crude, liquid enzyme preparation has a dry matter
content of about 2-3% (TOS is about 15-25 g/1l).

Routine quality control of the o-CGTase production process in-
clude checks of the i1dentity of the recombinant E. coli strain,
the compliance with specifications of the iIngredients used in the
culture media, the sterilization of vessels and media before use,
the relevant fermentation parameters (pH, temperature, stirring
rate, optical density, glucose concentration and aeration), as
well as the integrity of the filters applied for the concentra-

tion process.

2.2.2.3 Safety of applied source organism

The gene coding for o-CGTase stems from Klebsiella oxytoca M5al
(formerly K. pneumoniae M5al) (Bender, 1977; Binder et al.,

1986). The morphological and biochemical characteristics of K.
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oxytoca and K. pneumoniae are 1identical except that the former

metabolizes L-tryptophane to indole.

Klebsiella oxytoca is a gram-negative, facultative anaerobe which
belongs to the family of the Enterobacteria. It is a normal mem-
ber of the fecal microbiota (found in 30-40% of humans), but it
also was isolated from aquatic sources and from the rhizosphere
of rice where it acts as an associative nitrogen fixer. Like for
E. coli, there exist pathogenic strains of K. oxytoca which have
been associated with hemorrhagic colitis, urinary tract infec-
tions and septicemia. Nonetheless, K. oxytoca belongs to risk
group 1 in the classification of human etiologic agents as laid
down in the NIH Guidelines for Research Involving Recombinant DNA
Molecules (NIH, 2002). Group 1 comprises agents that are not as-

sociated with disease in healthy adult humans.

Pullulanase (EC 3.2.1.41), an enzyme used in starch processing
[21 CFR 8§ 172.892(1)] and fruit processing is obtained from dif-
ferent microorganisms including Klebsiella pneumoniae, Klebsiella
planticola and Klebsiella aerogenes (FAO, 1992; Munch, 1999).

The particular strain which served as donor of the o-CGTase gene,
K. oxytoca M5al, 1is well characterized (Randriamahefa, 1994).
Unlike most other strains of K. oxytoca, 1t does not possess cap-
sule material. 1t i1s deposited at the DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) un-
der No. 7342. The strain has been used for many years in biotech-
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nological research and applications. In the Compendium of Guid-
ance of the UK Advisory Committee on Genetic Modification (ACGM)
It Is cited as a "disabled or non-colonizing host', 1.e., as a
strain with a history of safe use and a negligible capacity to
persist in humans (ACGM, 2000).

The vector used is derived from the pJF118EH vector which is de-
scribed completely in the literature (Firste et al., 1986).°
pJF118EH 1is derived from pBR322, a widely used mobilization-
defective vector which is considered to be safe (EU Commission,
(COM(95)640 final, 0J C 356, 22.11.1997, p. 19). The cloned DNA
fragment of K. oxytoca contains only the CGTase gene as demon-

strated by sequence analysis.

As a host for the o-CGTase expression and secretion vector, a
strain derived from E. coli K12 was used. E. coli K12 belongs to
risk group 1 in the classification of human etiologic agents
(NIH, 2002). It i1s used already for the production of Chymosin A
which has been determined to be safe for direct use iIn food (565
Fed. Reg. 10932, p. 32-34, March 23, 1990). E. coli K12 also has
been recommended as a safe host organism by the EU Commission
(COM(95)640 final, 0J C 356, 22.11.1997, p. 19).

® This vector introduces a tetracycline resistance gene in the source organism. How-
ever, this is not of concern because this gene is not present in the enzyme prepara-

tion in a transferable form, i.e. a transfection is not possible. Furthermore, the
source organism is not released in the environment. The CGTase preparation does not
contain any source organism (specifications: E.coli, 0 CFU/ml). Finally, it should be

noted that 31% of naturally occurring E.coli strains are highly resistant to tetracy-
cline (Bryan et al., 2004).
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2.2.2.4 Safety of crude CGTase preparation

The «o-CGTase preparation produced as described 1iIn section
2.2.2.2, has been subjected to in-vitro genotoxicity tests (Ames
tests, In-vitro chromosome aberration test) and a subchronic (13-
week) oral toxicity study In rats.

The batch which was applied for the genotoxicity tests, had a dry
substance content of 1.5%, a total protein content of 0.50% (en-
zyme activity 625 U/ml) and a total ash content of 0.55%. The a-
CGTase batch which was applied for the 13-week oral toxicity
study in rats, had a dry substance content of 1.9%, a total pro-
tein content of 0.356% (enzyme activity 530 U/ml) and a total ash
content of 0.60%.

Bacterial reverse mutation tests (Ames tests)

The potential of the o-CGTase preparation to iInduce gene muta-
tions in vitro was examined in the histidine-requiring Salmonella
typhimurium strains TA 1535, TA 1537, TA 98 and TA 100 and in the

tryptophan-requiring Escherichia coli strain WP2uvrA.

The study was conducted in duplicate by direct plate incorpora-
tion as there was no indication of an unspecific promoting effect
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of the CGTase preparation on bacterial growth. The tests were
performed in the absence and presence of metabolic activation

(S9-mix). In the first test, the oa-CGTase preparation was tested
at five concentrations ranging from 62-5000 pg/plate; in the sec-
ond test, It was tested at five concentrations ranging from 313
to 5000 pg/plate.

The results of the two tests demonstrate that «-CGTase in the ab-
sence and presence of S9-mix did not cause a more than two-fold
increase of the mean number of revertant colonies. The mean num-
ber of his®™ and trp® revertant colonies of the negative controls
were within the usual range. The positive control treatment pro-
duced the expected increase in the number of revertant colonies.
It was, therefore, concluded that the tested o-CGTase preparation
IS not mutagenic under the conditions of this assay (Krul & van
den Wijngaard, 2004; Bar et al., 2004).

In vitro chromosome aberration test

The clastogenic potential of the «o-CGTase preparation was tested
in cultured human peripheral blood lymphocytes. Two independent
tests were performed both in the absence and presence of meta-

bolic activation (S9-mix).

In the First test, the o-CGTase preparation was tested at concen-
trations of 0, 39, 78, 156, 313, 625, 1250, 2500 and 5000 pg/ml.

22/145



Mitomycin C and cyclophosphamide were used as positive control
substance iIn the absence and the presence of S9-mix, respec-
tively. In the absence of S9-mix, the treatment times were 4
hours (pulse treatment) and 24 hours (continuous treatment) 1in
culture medium with FCS. In the presence of S9-mix, the treatment
time was 4 hours (pulse treatment) iIn culture medium without FCS.
In both the absence and presence of S9-mix, the harvest time of
the cells was 24 hours after onset of the treatment.

In the second test, the «-CGTase preparation was tested at con-
centrations of 0, 1000, 2000, 3000, 4000 and 5000 pg/ml. In the
absence of S9-mix, one group of cultures was treated continuously
for 24 hours and another group continuously for 48 hours. In the
presence of S9-mix, one group of cultures was pulse-treated for 4
hours and harvested 24 hours after start of the treatment. A sec-
ond group was pulse-treated for 4 hours and harvested 48 hours

after start of the treatment.

Two hours before the end of the 24 and 48-hour incubation peri-
ods, the cultured lymphocytes were arrested in the metaphase
stage of their mitosis by adding colcemid (0.1 pg/ml). The cells
were harvested and processed for determination of the mitotic in-
dex, chromatid and chromosome-type aberrations and other anoma-

lies.

The mitotic 1i1ndex was decreased under certain conditions of
treatment at o-CGTase preparation when tested at concentrations
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of > 2500 pg/ml. However, iIn none of these cases was the miotic
index reduced below the level that would be indicative of a toxic
effect of the treatment (60% of the vehicle control values).

No chromosome aberrations were induced by the «-CGTase prepara-
tion when tested at concentrations of up to 5000 pg/ml. All
treatments of the cultures, iIn the absence and the presence of
S9-mix, resulted in frequencies of cells with structural aberra-
tions (excluding gaps) which were similar to those observed in
concurrent negative controls and fell within historical negative
control (normal) ranges. Cells with numerical chromosome aberra-
tions (polyploids or others) were not detected on any slide. It
was concluded that, under the conditions of this study, the
tested oCGTase preparation was not clastogenic to cultured human
lymphocytes (de Vogel, 2004; Bar et al., 2004).

Subchronic (13-week) toxicity test

Groups of 20 males and 20 female Wistar rats received the o-
CGTase preparation by gavage at doses of 5, 10 or 20 ml/kg
bw/day. Control animals were dosed with tap water (20 ml/kg
bw/day). Body weights, food and water consumption, ophthalmo-
scopic observations, as well as hematological and urinary parame-
ters did not differ between treated groups and controls. Clinico-
chemical analyses performed after 30, 60 and 91-95 days of treat-
ment revealed significantly decreased plasma cholesterol levels
(day 60) and triglycerides (at termination) in males of the high-
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dose group. Results of a battery of tests for detecting neuro-
logical, behavioral or physiological dysfunctions revealed no ab-
normalities. Organ weights were not affected by the treatment.
Histopathological examination revealed a number of slight altera-
tions in the lungs, namely an increased incidence of alveolar
hemorrhages with hemoglobin crystals in males (dose-related, sig-
nificant In high-dose group), and an iIncreased incidence of sep-
tal cellularity in all treated groups (not dose-related, signifi-
cant 1n the males of the low- and high-dose group). An accumula-
tion of alveolar macrophages was seen more frequently in treated
males than iIn controls but the difference was not statistically
significant and a dose-response relationship was not apparent. In
females, accumulation of alveolar macrophages was seen more often
in the low- and high-dose group (difference to controls not sig-
nificant). Since the incidence and severity of these changes were
not dose-related, it was considered that they represent an unspe-
cific response to the gavage of the test solution. Micro-
aspiration of the protein-containing test solution or vagally me-
diated reflex bronchospasms due to the gavage could lead to the
observed changes (Conybeare & Leslie, 1988). An association be-
tween gastro-esophageal reflux and an accumulation of alveolar
macrophages has been observed in children (Nussbaum et al.,

1987). The authors concluded, therefore, that no adverse effect
In response to the o-CGTase treatment was seen up to the highest

dose level tested (20 ml/kg bw/d, corresponding to 260 mg TOS/kg
bw/d) (Jonker, 1994; Bar et al., 2004).

Even if all the organic substances of the enzyme preparation were

carried over into the o-CD, which they are not, the human expo-
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sure would be at least 1000-times below the NOAEL. The 100-fold
safety margin, which 1is considered adequate for this type of
study, is therefore exceeded by far (Pariza & Johnson, 2001).
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2.2.2.5 Regulatory status

The o-CGTase is removed completely during the production process

as shown by the absence of protein in o-CD (see Section 3.1.2 and
Annex 4). The enzyme, therefore, falls outside the definition of
a ""food additive” ([FD&C Act Sec. 201(s)] under the conditions of

intended use iIn the production of a-CD.

Nonetheless, by applying the principles used for the safety as-
sessment of microbial enzyme preparations (Pariza and Johnson,
2001), o-CGTase was determined to be acceptable for use iIn pro-
duction of o-CD (Figure 4).

2.2.3 Safety of applied complexant

2.2.3.1 General description

1-Decanol (syn.: decan-1-ol, decyl alcohol, capric alcohol) (CAS
112-30-1) is a colorless liquid with a melting point of 7°C and a
boiling point of 220-235°C. It has a very low water solubility of
37 mg/l at 25°C. Having a floral, waxy and fruity odor, l-decanol
Is used as a fTlavoring substance at very low concentrations. The

commercial product has a purity of >98%.
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2.2.3.2 Biological studies

No data are available on the absorption, distribution, metabolism
and excretion of 1-decanol. However, it is generally assumed that
ingested aliphatic primary alcohols are absorbed and oxidized to

the corresponding aldehyde which is then rapidly oxidized to the
acid. Even-numbered acids are metabolized via B-oxidation to ace-
tyl-CoA which then enters the citric acid cycle (WHO, 1998).

2.2.3.3 Toxicological studies

The safety of 1-decanol has been examined in a number of studies
including genotoxicity tests, acute oral toxicity tests and two
embryotoxicity/teratogenicity studies (inhalation and oral ad-

ministration).

A gene mutation assay was conducted with B. subtilis H17 (rec")

and M45 (rec™) using 17 ug 1l-decanol/disk. A negative result was
obtained (Oda et al., 1978 cited in WHO, 1998).

The acute oral toxicity of 1-decanol was examined iIn two studies
with rats. LDsp values of >5 and 12.8 g/kg bw were reported (Hen-
kel KGaA, unpublished data, Archive No 281; Bar & Griepentrog,
1967). In mice, a LDsy of 6.5 g/kg bw was observed (RTECS HE
4375000) .
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An embryotoxicity /teratogenicity study was conducted with Spra-
gue-Dawley rats. The dams were exposed to l-decanol by inhalation
(100 mg/m3; 6h/d) from day 1-19 of gestation. No maternal toxic-
Ity was observed. The reproductive outcome (number of resorp-
tions, litter size, fetal weights) was not adversely affected by
the treatment, and there were no signs of fetotoxicity or terato-
genicity (Nelson et al., 1990).

An embryotoxicity/teratogenicity study with oral administration
of a series of primary alcohols including l1-decanol was conducted
in not specified random-bred albino rats. A group of 10 female
rats received daily doses of 400 mg decanol mixed with 600mg wa-
ter by gavage from day 1-15 of pregnancy. This dose corresponds
to about 2.3 g/kg bw/d at start of the treatment. A control group
of 20 rats received 1 ml water/d by gavage. Signs of maternal
toxicity were not reported. Pre- and post-implantation losses
were significantly increased with decanol but the size and weight
of the fetuses were not impaired. Teratogenic activity was not
observed. 1t was concluded that all the tested primary alcohols
(Ci, C2, C4, C9, C10) 1increased the number of pre- and post-
implantation losses. In this respect, decanol and nonanol were
clearly less active than ethanol or methanol. Retardation of fe-
tal development was observed with all the tested alcohols, except
decanol. None of the tested alcohols had a teratogenic activity
(Barilyak et al., 1991).
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2.2.3.4 Regulatory status

1-Decanol has been evaluated by JECFA as a flavoring substance
and was determined to not pose safety concerns. The actual daily
intake (for eaters only) was estimated at 7 and 28 ug/person/day
in the US and Europe, respectively (WHO, 1998).

In the US, l1l-decanol has a FEMA GRAS status (FEMA No. 2365) and
iIs listed as a synthetic flavoring substance in 21 CFR 8§ 172.515.
Belonging to the group of "fatty alcohols™, its use in food of
synthetic 1-decanol 1is regulated in 21 CFR 8§ 172.864. This in-
cludes iIn particular its use in the synthesis of food additives

and other substances permitted in food.

In the EU, 1-decanol is listed in the Register of Flavoring Sub-
stances under FL No 02.024 (Commission Decision 2002/113/EC).
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3 SPECIFICATIONS

3.1 Potential impurities

In this section, the sources and identity of potential impurities
of o-CD are described. For those impurities which are relevant
from a safety or quality point of view, limit values have been
established In the specifications (see section 3.2 and Annex 1).
The tests by which compliance with these purity criteria IS exam-
ined, are described in Annex 1 or, for standard tests, are con-
tained in FAO Food and Nutrition Paper 5 Rev. 2 (1991). Analyti-

cal data of fTive representative batches of o-CD, produced at pi-

lot-plant scale, are shown In Annex 2.

3.1.1 Impurities from raw material

Residues of the food-grade liquefied starch would be expected to
be negligible given the multi-step nature of the process. Malto-
oligosaccharides, maltose and glucose which originate from the

raw material or are formed from starch as a by-product of the

amylolytic action of o-CGTase, are detected by the test for re-

ducing sugars. Remaining inorganic salts are detected as ash.
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3.1.2 Impurities from o-CGTase preparation

The crude o-CGTase preparation contains all the material that has

passed the 0.2 um filter (i.e., cell and cell debris are removed)
and has a molecular weight of more than about 20,000 daltons. It
also contains the components of the fermentation broth with a mo-
lecular weight below 20,000 daltons but only at about the concen-
trations at which they are present iIn the fermentation broth (the
bulk of 1t i1s removed by ultrafiltration). The high-molecular
weight fraction consists mainly of protein (a-CGTase and ul-

trafilterable components of spontaneously lysed E. coli).

The high-molecular components of the enzyme preparation are sepa-
rated from o-CD during the first precipitation step with complex-
ant. Any remaining amounts of protein will be denatured by heat
during the o-CD purification process (re-precipitation and steam

stripping at temperatures of 110-130°C) (see section 2.2.1.).

In order to examine the efficacy of the purification procedure,

three batches of o-CD were analyzed for protein using polyacryla-

mide gel electrophoresis (PAGE). The detection limit of this

method is 5 mg protein per kg of oa-CD. No protein could be de-
tected with this test (report by F. Lottspeich of July 7, 2002,

see Annex 4). For one batch, the result was confirmed by subject-

ing an acid-hydrolyzed sample of o-CD to amino acid analysis

which would detect protein at levels of >10 mg/kg «-CD (report by
F. Lottspeich of June 7, 2001, see Annex 4).
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In order to analyze o-CD for the presence of DNA from the recom-

binant source of the CGTase, a quantitative PCR method was ap-

plied. One batch of o-CD was analyzed. DNA could not be detected
in the sample. The limit of detection was 0.005 ng DNA/reaction.
This corresponds to a limit of detection of 0.01% GMO in a stan-
dard GMO test (report by Genetic ID Laboratory of Oct 10, 2001,

see Annex 4).

The low-molecular weight fraction consists mainly of nutrients of
the fermentation broth (amino acids, peptides, glucose, minerals,
vitamin B;) as well as small amounts of tetracycline, IPTG and
sorbic acid. These impurities are separated from o-CD during the
first and second precipitation step and during crystallization.
Remaining 1inorganic salts would be detected as ash. Remaining

glucose would be detected by the test for reducing substances.

3.1.3 Residues of complexant

Impurities of the complexant are removed from o-CD by the two
precipitation steps. The complexant (1-decanol) 1s removed by
steam stripping. Analysis of five batches of a-CD produced at pi-
lot plant scale demonstrates that 1-decanol 1is removed effi-
ciently by the applied procedure (residues of < 15 ppm were found
by HPLC analysis)(Annex 2). Any remaining complexant is detected

by the test for volatile organic compounds (see Annex 1).

337145



3.2 Specifications

The specifications prepared at the 57" meeting of JECFA and pub-
lished Iin FAO Food and Nutrition Paper 52 Add. 9 are presented in
Annex 1. It is iIntended to submit these specifications for inclu-
sion in the Food Chemicals Codex, with the difference, however,

of a lower value for lead (0.5 instead of 1 ppm).

For the purpose of the safety assessment, the following purity

criteria are relevant.

Assay: Not less than 98% of a-CD

(on an anhydrous basis)"”

Ash (residue on i1gnition): Not more than 0.1%
Reducing sugars: Not more than 0.5%
Heavy metals (as Pb): Not more than 5 ppm
Arsenic: Not more than 3 ppm
Lead: Not more than 0.5 ppm
Volatile organics: Not more than 20 ppm"

Additional purity criteria are included In the company®s internal
specifications such as microbiological purity and optical density

(for limits and actual values see Annex 2).

10
11

Potential impurities of o«-CD are residual starch, maltooligosaccharides, glucose and p-cyclodextrin.
"Volatile organics” are residues of complexant (1-decanol).
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4 INTENDED USES IN FOODS

4.1 Use for a nutritional purpose as soluble dietary fiber

4.1.1 o-CD 1s a dietary fiber in physiological terms

To date, there is no definition of “dietary fiber"™ for the pur-
poses of food labeling. For verification of compliance with nu-
trition labeling regulations, FDA has specified that dietary fi-
ber in food will be quantified by AOAC International Official
methods of analysis for dietary fiber (Prosky, 2001). However, in
recognition of the nutritional benefits of dietary fiber, recent
definitions rely no longer on the chemical-analytical approach
only, but include a reference to the physiological effects of fTi-
ber as a further definitional criterion.

The American Association of Cereal Chemists (AACC) developed a
definition according to which

"dietary fiber is the edible parts of plants or analogous carbo-
hydrates that are resistant to digestion and absorption iIn the
human small intestine with complete or partial fermentation 1in
the large intestine. Dietary fiber includes polysaccharides, oli-
gosaccharides, lignin, and associated plant substances. Dietary
fibers promote beneficial physiological effects including laxa-
tion, and/or blood cholesterol attenuation, and/or blood glucose
attenuation” (AACC, 2001).
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At about the same time, the Food and Nutrition Board of the In-
stitute of Medicine presented another proposal according to which

1. Dietary Fiber consists of nondigestible carbohydrates and lig-

nin that are intrinsic and intact in plants.

2. Functional Fiber consists of isolated, nondigestible carbohy-
drates that have beneficial physiological effects In humans.

Total Fiber is the sum of Dietary Fiber and Functional Fiber

(Institute of Medicine, 2002).

The relative merits and/or limitations of these two proposals may
be debated. However, there does appear to be consensus that "‘die-
tary Tfiber”™ should be defined in nutritional functional terms
(namely non-digestibility coupled with beneficial physiological

effects) rather than solely chemical analytical terms.

In animals (rats) and man, a-CD is not digested to absorbable
glucose in the small intestine to a significant extent (see sec-
tion 7.1 for data). However, o-CD is fermented by the microbiota
of the large intestine. Therefore, o-CD has the nutritional prop-
erties of a fermentable dietary fiber, similar to so-called "re-
sistant starch. Some physiological effects that are typical for
dietary fTiber, such as increased fecal bulk and decreased levels
of plasma triglycerides and cholesterol, were seen iIn feeding
studies with a-CD in rats (Kaewprasert et al., 2001; Shizuka et

al., 1996; Lina, 1992). An attenuation of the glycemic response
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to bread consumption was observed iIn healthy human volunteers
(Diamantis & Bar, 2002) (see Section 7.4 for details).

In a 90-day oral toxicity study, five groups of Wistar rats (20
animals/sex/group) were fed diets with 0, 1.5, 5 and 20% o-CD,
and - for comparison - 20% lactose. At the end of the treatment
period, plasma triglycerides and phospholipids were significantly
below control levels in the males of the 20% o-CD group. Total
cholesterol was also reduced but the difference to controls was
not significant. In females, a similar trend was observed for all
three parameters. However, the differences to controls were
smaller and not statistically significant (Lina, 1992).

In a two-week feeding study, male SD rats received diets with 5
or 10% cellulose, pectin, a-CD, pB-CD, y-CD, or three different,
chemically modified CDs (6 rats/group). A control group with un-
supplemented diet was not included. At the end of the treatment
period, plasma total lipids, triglycerides and phospholipids were
significantly lower in the 10% o-CD group than in the 10% cellu-
lose group. At the 5% dose level, the difference was significant
for phospholipids only. Pectin produced similar effects as o-CD
(in comparison to cellulose). Plasma cholesterol levels were not
different between o-CD and cellulose fed animals (Shizuka et al.,
1996) .

The effect of dietary o-, p- and y-CD on liver and serum lipids,
and organic acid concentrations in cecal contents was examined in
male Wistar rats. Diets with 5% additions of the different CDs
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were administered for a period of 7 days. The cecal concentra-
tions of acetate and propionate were significantly increased 1in
the o-CD and B-CD groups. Butyrate and the other end-products of
bacterial fermentation were also present at higher concentrations
but the differences to the control group were not statistically
significant. Total serum cholesterol was significantly lower 1in
the o-CD and B-CD groups than in controls. A significantly higher

lipid concentration in the liver of the o-CD fed rats was not

matched by a corresponding increase in the B-CD group!? (Kaew-
prasert et al., 2001).

4.1.2 o-CD 1s a dietary fiber in analytical terms

For analyzing the dietary fiber content of food, starch is typi-
cally removed by enzymatic digestion. In all AOAC International
Official Methods, heat-resistant amylase of microbial origin
(Termamyl), with or without the addition of glucoamylase, is
used. Since this aggressive treatment results in a partial degra-
dation of resistant starch, which under physiological conditions

would escape digestion, resistant starch is only incompletely de-
tected as dietary fiber (McCleary, 2001). The same is true for o-
CD which also is hydrolyzed by Termamyl but not by salivary or
pancreatic amylase (Marshall & Miwa, 1981; Kondo et al., 1990).

2 since the liver triglyceride and cholesterol contents did not differ between the
treatments, the higher liver lipid concentration of a-CD fed rats was ascribed to a
higher content of phospholipids. Phospholipids were calculated by difference (total
lipids - triglycerides - cholesterol).
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For the measurement of resistant starch i1n starch samples and
plant materials, a method has recently been adopted by the AOAC
Methods Committee (First Action Method) (AOAC No. 2002.2). In
this method, the digestible starch is removed by treatment under

controlled conditions with pancreatic a-amylase and amyloglucosi-
dase. The not digested resistant starch i1s then precipitated with
ethanol (50% v/v fTinal concentration) and quantitated enzymati-
cally, after alkali-catalyzed hydrolysis to glucose. The method
has been used successfully for the measurement of resistant
starch i1n cornflakes and canned beans (Megazyme, 2001).

Applying this method to a food which contains o-CcD (Wwith or with-
out resistant starch being present at the same time), o-CD would
remain intact in the supernatant of the 50% ethanol precipitation
step. While it has been shown that o-CD is not hydrolyzed under
the conditions of the applied digestive step with pancreatic amy-
lase and amyloglycosides (Mc Cleary, 2002, 2004), o-CD IS not pre-
cipitated by 50% ethanol.'® Therefore, «CD remains, together with
glucose (formed by digestion of non-resistant starch) and other
solubles, in the supernatant. After desalting of the supernatant,
as described 1n AOAC Method 2001.13 for resistant maltodextrin,
o—-CD could be quantitated specifically by applying the validated
HPLC method described in Section 4.3.

However, it should be noted that «-CD unlike other naturally oc-
curring or synthetic dietary fibers (beta-glucans, polydextrose,
resistant dextrin, fructooligosaccharides, etc.) is a single sub-

13 Also by 78% ethanol -CD is not precipitated completely.

397145



stance and not a mixture of substances with different degrees of

polymerization and/or chemical structure.

Therefore, o-CD can be quantitated directly by HPLC and does not

require the application of a complex analytical method.

In this respect, it is also noteworthy that «-CD is not expected
to interfere with the existing methods of fiber analysis because
it is degraded by Termamyl [applied in AOAC 985.29 (the "gold-
standard™ method for dietary fiber) and AOAC 2001.03 (resistant
dextrin)] and because it is not precipitated by 50% ethanol [ap-
plied in AOAC method 2002.02 (resistant starch)]. Therefore, the
value obtained from the specific HPLC method for o-CD may be
added to the value obtained by one of the official methods for
fiber analysis. A risk of double counting of dietary fiber compo-

nents does not exist.

4.1.3 Use levels of a-CD for the fiber supplementation of

foods

Recommendations for adult dietary fiber intake generally fall in
the range of 20-35 g/day (ADA, 2002). For the purpose of nutri-
tion labeling a Daily Reference Value (DRV) of 25 g is used [21
CFR 8§ 101.9(c)(9)]- For children older than 2 years a daily fiber
intake of age (in y) + 5 g has been recommended (for references,
see ADA, 2002).

40/145



Despite the manifold physiological benefits of an adequate fiber
intake, the actually consumed amounts (14-16 g/d) fall short from
recommended levels (Environ, 2000; Alaimo et al., cited in ADA,
2002). The addition of oa-CD can help close this gap particularly
well since it is chemically stable, has a low viscosity, iIs water
soluble, and is taste- and odorless.

A nutritionally meaningful fortification of a nutrient requires
the addition of at least 10% of its RDV per serving [21 CFR §
101.54(e)]- Similarly, a food must contain at least 10% of the
RDV per serving in order to qualify for a 'good source'™ type of
claim [21 CFR § 101.54(c)]- The proposed use levels of a-CD in
bakery products, beverages, ready-to-eat breakfast cereals, In-
stant rice, pasta, yoghurt, dry mixes for milk-based beverages,
reduced-fat spreads, soups, snacks and formula diets correspond
to this requirement (Table 4). In most cases, these concentra-
tions approach the technically feasible maximum that may be used
without distorting the texture and/or Tflavor profile of these

foods, 1.e., there is a self-limiting effect for food technologi-

cal reasons of the use of o-CD in food.

4.2 Use for a food-technological purpose

The ability to form complexes with certain organic molecules cou-
pled with a relatively high water solubility makes o-CD a useful
food ingredient that can TFfulfill different food-technological
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functions. However, pure a-CD has not hitherto been available to
the food industry at feasible cost. Therefore, most of the ear-
lier application work on cyclodextrins has been carried out with
B-CD (Pszczola, 1988; Linssen et al., 1991; Allegre & Deratani,
1994). Yet, data obtained for B-CD are in many cases also appli-
cable for o-CD, because the basic functionality of cyclodextrins,
namely the formation of inclusion complexes, 1is the same.
Whether, In a given case, a- or B-CD is more suitable, depends on
a number of factors including the size and lipophilicity of the

guest molecule and the water-solubility of the formed complex.

The use levels which are required for o-CD to fulfill a useful
food-technological function, are far below those needed for fiber

supplementation.

4.2.1 Use as carrier/stabilizer for flavors (flavor adjuvant)

By forming inclusion compounds, a-CD can protect certain flavors
in dry food preparations from degradation or evaporation. Flavors
are premixed with o-CD, typically in a ratio of about 5-20 parts
of flavor with 100 parts of o-CD. A stable preparation is ob-
tained which is then added to the dry food (e.g., breakfast cere-
als, crackers and savory snacks, compressed tablets and candies,
chewing gum, as well as dry mixes for the preparation of cakes,
soups, puddings, milk beverage mixes, etc.).
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Flavor-retention during the manufacturing of extruded snacks is
improved when the flavors are added in the form of CD-complexes
(Kollengode & Hanna, 1997).

oa-CD may also be used as carrier with a stabilizing effect for
coffee extract as well as garlic and mustard oil (Ohta et al.,
1995, 1999).

In some applications, a-CD improves the quality of foods or food

ingredients by suppressing undesirable flavor notes or odors
[e.g., masking of sulfurous odor of thioctic acid (syn: a-lipoic
acid)].-

4.2.2 Use as carrier/stabilizer/solubilizer for colors (color-
ing adjunct)

By forming inclusion compounds, a-CD can stabilize certain sensi-
tive colors, such as anthocyanins (Ukai et al., 1996; Tamura et
al., 1997).

4.2.3 Use as carrier/stabilizer/solubilizer of fatty acids

a-CD can form complexes with fatty acids (Schlenk & Sand, 1961;
Park et al., 2002). Polyunsaturated fatty acids (PUFAs) are
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thereby protected from oxidation (rancidity) (Park et al., 2002;
Yoshit et al., 1996, 1997; Regiert et al., 1996; Imagri et al.,
1992) . This application is useful for the preparation of formula
diets i1in powder form which should contain the recommended daily
allowance of PUFAs. Complexes of PUFAs with o-CD may also be used
for the production of PUFA-fortified foods (Yoshii et al., 1996,
1997).

The water solubility of fatty acids is increased by the complexa-

tion with o-CD (Artiss & Zak, 1985).

A stabilizing effect of o-CD has been noted in oil-in-water emul-
sions (o/w = 60/40) (Yu et al., 2001). It may, therefore, be used
in salad dressings, marinades and reduced-fat spreads.

4.2_4 Use as carrier/stabilizer/solubilizer of certain

vitamins

o-CD appears to form weak complexes with retinol acetate, vitamin
K; and p-carotene®®. Retinol, vitamin D and E do not appear to

form complexes with o-CD presumably because the size of its cav-
ity is too small (Figure 2) (Pitha, 1981; Kobayashi et al.,

1992). Complexation with o-CD slightly increases the water solu-

14 Since complexation is weak and reversible, it does not affect the bioavailability

of these nutrients (see section 7.2).
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bility of the complexed vitamins and iIncreases the stability of

p-carotene (Pitha, 1981; Szente et al., 1998).

Riboflavin forms a 1:2 inclusion complex with o-CD. Riboflavin
was found to have a higher stability to photo-degradation in the
complexed form (Loukas, 1997).

Vitamin C (sodium ascorbate) forms a 1:1 inclusion complex with

oa-CD. The ascorbate-a-CD complex can be 1i1ncorporated iIn lipo-
somes. The complexed ascorbate is less susceptible to degradation
by UV light than free ascorbate (Loukas et al., 1996).
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4.2.5 Use for an improved mouth-feel in low-calorie soft-
drinks

Low-calorie soft drinks lack the "mouthfeel™ of regular soft
drinks In which surcrose and/or fructose yields not only sweet-
ness but also an adequate viscosity. At present, polysaccharides
are often used to increase the viscosity of Ilow-calorie soft
drinks. o-CD could serve the same purpose but i1t would offer the
advantage of high stability, purity and more "sugar-like"™ viscos-

ity because of its lower molecular weight.

4.2.6 Use for suppression of halitosis in hard candies, breath

mints and chewing um

By complexing the volatile organic substances that account for
malodor (halitosis), cyclodextrins contribute to the breath-
freshening properties of hard candies, breath mints and chewing
gum (Yajima, 1981). The amount of o-CD that may be incorporated
in such products, is limited for technological reasons (mechani-
cal stability of comprimates, transparency of hard boiled can-
dies, texture of chewing gum, etc.). Pure o-CD has a limited

suitability for direct compression (Maggi et al., 1998).
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4.3 Determination of o-CD in foods

a-CD can be quantitated efficiently by HPLC with a Rl (refractive

index) detection unit.

For extraction of water-soluble o-CD from the food matrix, and
for separation from the bulk of other components (solids, fat-
soluble components) standard techniques may be used.

The HPLC method for measurement of o-CD has been validated. The
method has a detection limit of 2.2% and a recovery rate of
98.9%. The retention times of a-, B- and y-CD are sufficiently
distinct to achieve complete resolution of the three CDs (Heusler
& Wenders, 1997). The method is identical to the one which has
been used successfully for the determination of y-CD in Tfood
(Gaebert, 1998).
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5 ESTIMATED DAILY INTAKE

The estimated daily intake (EDI) of o-CD from its different pro-
jected uses iIn food, excluding chewing gum, but otherwise as
specified in Table 4, has been calculated for the US population
by ENVIRON (Arlington, VA) using the dietary survey approach (An-
nex 5). This calculation model relies on food consumption data
from the 1994-96 and 1998 Continuing Surveys of Food Intakes by
Individuals (CSFIl 1994-96 and CSFIl 1998). In 1994-1996, CSFII
data were collected from a representative sample of individuals
residing in households in the US. The CSFIlI 1998 was a supplemen-
tal survey of children (0-9 year old). Each individual was sur-
veyed for two non-consecutive days using 24-hour recall inter-
views. The foods consumed were coded according to a system which

contains about 6,000 different categories.

For the purpose of the present EDI calculation 1t was assumed
that each food (or food component) which may contain a-CD, indeed
contained o-CD at the highest, feasible concentration (as speci-
fied in Table 4). Where o-CD was used in a component of the food

(e.g., iIn the dressing), the intake of that component was calcu-

lated from data on food composition.

The EDI of o-CD averaged over the two observation days and ex-

pressed in g/day and g/kg bw/d was calculated for each food cate-

gory in which o-CD may be used, and for all these food categories

combined. Mean and 90" percentile intakes were calculated for
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users of the following age groups: preschoolers 2-5 years of age;
elementary school children 6-12 years of age; teenagers 13-19
years of age; the adult U.S. population 20+ years of age, and all
age groups combined. "Users" were defined as individuals who con-
sumed food iIn the concerned category on at least one occasion.
Since food iIntake was recorded in the CSFIl surveys by time of
day and by eating occasion (breakfast, brunch, Blunch, dinner,
supper, shack, and extended eating occasion), the o-CD iIntake
could also be calculated per eating occasion of each observation

day. The detailed results of these calculations are presented iIn
Annex 5.

For users of age >2 years, the estimated exposure to o-CD from all
proposed uses combined (except chewing gum) is 11.4 and 19.8 g/day
at the mean and 90" percentile, respectively. This corresponds to
intakes of 0.21 and 0.43 g/kg bw/d for the 2-day average of the
mean and 90" percentile consumer, respectively. The subpopulation
with the highest estimated exposure to a-CD, is preschoolers (0.61
and 0.98 g/kg bw/d for the 2-day average of the mean and 90 per-

centile user) (Table 5 and Annex 5).

A comparison between the intakes from the various food categories
and the total intake from all sources demonstrates that many uses
are mutually exclusive. In other words, a consumer is unlikely to
eat ready-to-eat cereals and soup at the same eating occasion.
Consequently, the o-CD intake from all sources is much smaller
than the arithmetic sum of intakes from the different food catego-

ries (Annex 5).
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The estimated o-CD intakes per eating occasion demonstrate that
the consumption of a-CD is evenly distributed over the day (Table

6). At no eating occasion, levels of o-CD intake are reached which

might produce intestinal symptoms (see section 8.11).

The intake of o-CD from chewing gum could not be included in Ta-
ble 4 and Annex 5 because the intake of chewing gum was not re-
corded in CSFII (Annex 5). Intakes of a-CD from chewing gum had,

therefore, to be calculated separately.

The estimation of the o-CD intake from chewing gum is based on the
Market Facts Chewing Gum Survey in which 1044 households reported
their one-day intake of regular and sugarfree gum by mail. The
survey, which was conducted iIn 1995, reveals that the average num-
ber of pieces of gum consumed per day varies between 2.1 for pre-
schoolers and 3.8 for teenagers (3.0 pieces of gum/day for the to-
tal population). The weight of a piece of gum varies between 2-3

g. Hence, the chewing gum iIntake varies between 6-9 g/d. Since a-

CD may be present in gum at levels of up to 10%, the a-CD intake
from chewing gum (3 pieces/day) is estimated at about 0.6 - 0.9
g/d for the average consumer(see Annex 5 for detailed results and

intake estimates for different age groups).

In summary, the intake of o-CD from all its intended uses in food
(except chewing gum) is estimated at about 11.4 g/person/day

(mean of users of all age groups combined). Additional amounts of

o-CD may be ingested with chewing gum (0.9 g/person/day). How-
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ever, as explained above, this estimate Is based on very conser-

vative assumptions.

While an o-CD intake of the projected magnitude would just about
cover the gap between actual and recommended fiber iIntakes, dif-
ferent fibers are available for the fiber enrichment of food. De-
pending upon the food concerned, different fibers (or mixtures
thereof) will be applied, taking the different cost, and techno-
logical or organoleptic properties into account. Therefore, the
conservative assumption which underlies the EDI calculations

shown in Tables 5 and 6, namely that o-CD is used simultaneously

in all foods at the highest feasible concentrations, is not real-
istic. It follows that the average daily intake of o-CD that can

realistically be expected to result from its intended uses, will
be far below the estimates presented iIn Tables 5 and 6.
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6 CURRENT REGULATORY STATUS

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) has
evaluated the safety of a-CD at its 57" meeting (WHO, 2002). Con-

sidering the use of a-CD for food-technological purposes only
which results iIn an estimated daily intake of 1.7 and 3 g for the
mean and 90" percentile adult consumer, respectively, the Commit-

"5 The use of o-CD as a die-

tee allocated an ADI "not specified
tary fiber, with an EDI from i1ts combined uses as a nutritive sub-
stance and a food additive of 11.4 and 19.8 g/d for the mean and
90" percentile consumer, respectively, will be considered by the

Committee at its 63" meeting (WHO, 2004).

Products consisting of a mixture of a-, B- and y-CD have been sold
in Japan for food use for several years. These products are con-
sidered to be food (i.e., not a food additive) and explicit ap-
proval was, therefore, not required. The products [Dexy Pearl K50
and K100 (Bio-Research Corp.) and Celdex Gamma 10 (Nihon Shokuhin
Kako Co., Ltd.)] are produced by a non-solvent process and contain
about 5-70% o-CD. They are sold in a total amount of more than 100

metric tons/year and are used iIn a variety of food applications.

In Australia/NZ, o-CD i1s currently under review as a novel food.
The draft assessment report has been published by Food Standards
Australia New Zealand (FSANZ) on May 26, 2004 (FSANZ, 2004). Ap-

15 ADI "not specified” is used to refer to a substance which, on the basis of the
available data (chemical, biochemical, toxicological and other) and the total die-
tary intake of the substance arising from its intended uses and from its acceptable
background levels in food, does not represent a hazard to health. For that reason,
and for reasons stated in individual evaluations, the establishment of an ADI ex-
pressed in numerical form is not deemed necessary (WHO, 2002).
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proval of the use of oa-CD as a novel was recommended by FSANZ
with no specific conditions that would limit the use of the sub-
stance.
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7 BIOLOGICAL STUDIES

7.1 Absorption, disposition, metabolism, and excretion

7.1.1 Digestibility in vitro

In early iIn-vitro experiments on the digestibility of cyclodex-
trins by amylases, i1t was found that pancreatic juice of dogs

does not cleave o-CD (Karrer, 1923)'° and that salivary amylase
leaves o-CD intact, hydrolyses B-CD only very slowly, but hydro-
lyses y-CD at a rate of about 1% that of starch (French, 1957).

In more recent iIn vitro studies, it was confirmed that human
salivary amylase as well as human or porcine pancreatic amylase
are unable to hydrolyze o-CD and B-CD to any measurable extent

but hydrolyze y-CD readily (Marshall & Miwa, 1981; Kondo et al.,
1990; McCleary, 2002, 2004).

18 At that time, a-CD was called "diamylose" and "tetraamylose™ (French, 1957).
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7.1.2 ADME studies in animals

The metabolism of pure o-CD and B-CD was examined for the first

time in 1962 (Andersen et al., 1963)''. *C-labelled a-CD and B-CD
were prepared from uniformly “C-labelled potato starch. Groups
of Wistar rats (2 rats/group, fasted for 18 hours prior to the
experiment) received similar (not exactly specified) amounts of
4C-a-CD, '™C-p-CD and **C-starch. The rats were placed in metabo-
lism cages and respiratory CO, was collected for 16-23 hrs after
dosing. *C was determined in the collected CO,, urine, feces and
the carcass at termination. After ingestion of !*C-starch, !CO,
appeared rapidly in breath reaching the maximum expiration rate
at 1 hour after dosing. In contrast, “C0, exhalation after inges-
tion of '*C-a-CD and '*C-p-CD started only about 3.5 hours after
dosing and reached the maximum exhalation rate at about 7.5 - 9.5
hours. The cumulative !CO, production over the duration of the
experiment was similar for all three substrates (about 60% of the
administered dose). The excretion of !*C-labelled products with
urine varied considerably between the two animals of each group.
The amounts of C recovered from the Gl contents and feces
tended to be bigger for *C-a-CD and '#C-p-CD than for “C-starch.
The retention of C in the carcass varied between about 16.5%
(for '*C-a-CD) and 20.3% (Ffor !*C-starch) (Andersen et al., 1963).
Despite the small number of animals tested, i1t may be concluded
from this study that o-CD and B-CD are not digested in the small

intestine to a significant extent. Instead, they are fermented

1 In earlier metabolism studies, a-CD and B-CD preparations of unknown purity were
used (von Hoesslin & Pringsheim, 1923).
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almost completely by the intestinal microflora to absorbable and
metabolizable short-chain fatty acids (SCFA) as shown by the de-
layed appearance of about 60% of the ingested *C in respiratory
CO>.-

Seemingly at variance with this conclusion are the results of a

series of experiments in which rats (JCL:SD strain) received sin-

gle doses of 1.5 g a-CD or 1.2-1.5 g B-CD (Suzuki & Sato, 1983,
1985). The experiments differed with regard to the time after
dosing (1-60 hours) at which feces and/or gastro-intestinal con-
tents were collected for analysis of saccharides and CDs by HPLC.
The number of animals varied between 4-6 rats/treatment group and
time of sacrifice. In one experiment a substantial fraction (50-

65%) of oa-CD was recovered unchanged (i.e., not digested and not
fermented) In the Gl-tract after 8 hours. Another experiment re-
vealed that 60-106% of the administered o-CD dose was excreted
unchanged with the feces after 60 hours. The reasons for the un-
expectedly low fermentation rate are not clear. However, it
should be noted that the experiments were conducted under some-
what unusual conditions (Suzuki & Sato, 1985). The rats were
meal-fed and had access to the feed for 2 x 1 hour per day only.
This regime may have led to a significant malnutrition of the
rats. In parallel, it may have resulted in a reduced number of
intestinal microorganisms that would be able to degrade ingested
CDs. Furthermore, the administered CD dose was unreasonably high.
In fact, the volume that could reasonably have been applied by

gavage (volume was not specified by the authors), most likely has

been i1nsufficient for dissolving the CDs (particularly B-CD which
has a solubility of only 1.8 g/100 ml water at 25°C). Unfortu-
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nately, the report does not state whether the rats had ad libitum
access to drinking water after dosing and i1If so, what amounts had
been consumed. It is, therefore, conceivable that a substantial
fraction of the administered CDs was not dissolved in the iIntes-
tinal lumen and consequently was not readily available for micro-
bial breakdown. Be that as may, the finding by Suzuki and Sato of
a non-fermentability of o-CD is in conflict with the results of

several other experiments and may, therefore, be dismissed.

The absorption, disposition, metabolism and excretion of intrave-
nously and orally administered o-CD in rats was examined in two

studies using uniformly *C-labelled a-CD as a tracer (de Bie and
van Ommen, 1994; van Ommen & de Bie, 1995; van Ommen et al.,
2004).

The TfTirst study was a pilot study in which the excretion and
blood kinetics after oral administration, and the blood kinetics
after intravenous administration were examined in only one rat
per dose and route of administration. The results of the two ex-
periments with oral administration of o-CD (about 200 mg/kg bw)
were In keeping with those reported by Andersen and collaborators
(1963). The experiment with intravenous administration of o-CD
(50 mg/kg bw) followed by blood sampling in regular intervals for
up to 6 hours after dosing suggested a half-life of *C in the
blood of about 88 minutes. Within 8 hours of dosing about 80% of
the administered dose was excreted as o-CD with the urine (de Bie
& van Ommen, 1994).
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The second (main) study comprised four experiments 1in which
groups of Wistar rats (4 rats/sex/group) received single doses of

¥C-a-CD by gavage (three experiments) or injection in the tail

vein (one experiment).

In the first experiment, two groups of Wistar rats (fasted over-

night) received single doses of 200 and 1000 mg/kg bw *C-a-CD by
gavage. The rats were placed in metabolism cages for 24 hours.
Feed and water were provided ad libitum after dosing. Respiratory
CO, was collected in 30 min intervals. Urine was collected at 4,
8 and 24 hours. The animals of the low-dose group were sacrificed
24 hours after dosing. The animals of the high dose group were
kept for another 24 hours in larger metabolism cages for collec-
tion of CO;, urine and feces, whereupon they were killed as well.
At termination, plasma, blood cells, contents of Gl-tract, dif-
ferent organs and the residual carcass were analyzed for *C. The
urine, feces and contents of the Gl-tract were pooled (for the 4
rats of each group and sex) and subjected to HPLC with RI and “C
detection. The results demonstrate that about 60% of the adminis-
tered !¥C is expired with respiratory CO, within the first 24
hours. There was no difference in this regard between males and
females or between the two dose levels tested. The appearance of
14c0, in breath was delayed suggesting microbial fermentation of
o-CD In the distal segments of the gut followed by absorption and
metabolism of the formed SCFAs. During the first 8 hours after
dosing, about 1% of the administered %C was excreted with the
urine (average of the data of the high and low-dose group and of

males and females). Metabolite profiling by HPLC revealed the

presence of a-CD In the 0-4 h urine samples. In the 4-8 h sam-
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ples, less than half of the radiolabel represented a-CD. No «a-CD
was detected In the subsequent urine samples. The feces and GI-
contents together contained about 16 and 18% of the administered
4Cc in the low and high-dose group, respectively. However, me-
tabolite profiling indicated that only traces, i1f any, of un-
changed o-CD were left in these samples. About 16% of the admin-
istered !*C was retained in organs and the carcass after 24
hours. This value dropped to about 10% after 48 hours. The dif-
ference of 6% appeared as %CO, in the period of 24-48 hours after

dosing.

In the second experiment, one group of Wistar rats received a
single oral dose of 200 mg/kg bw C-0-CD. The animals were
placed for 48 hours In metabolism cages with ad libitum access to
food and water. Blood samples (0.2 ml) were drawn iIn regular in-
tervals from a canula which was placed in the jugular vein (12
samples/48 hours). Urine, feces and CO, were collected as well.
The primary aim of the study was to examine the blood kinetics of
oral o-CD. During the first 3 hours, the blood concentration of
4C remained low (range over all rats and measurements: 0.05 -
0.22% of the administered dose). After that time, blood “C lev-
els increased slowly reaching a maximum at about 12 hours after
dosing. Metabolite profiling of the blood sample collected after
8 hours suggested the presence of a trace of %C-o-CD. About 1%
of the 'C dose was recovered from urine excreted from 0-4 hours
(mean of males and females). Metabolite profiling demonstrated
that all of this radioactivity represented o-CD. In the urine

collected from 4-8 hours, 0.3% of the administered '“C was de-
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tected about half of which represented o-CD. The amounts of C
contained In feces and Gl contents, or retained in organs and the
carcass, were very similar to those found in the Tirst experi-

ment.

In the third experiment, one group of Wistar rats received a sin-
gle dose of 50 mg/kg bw '#C-0-CD by injection in the tail vein.
The animals were placed in metabolism cages. Samples were col-
lected as described for the second experiment, except that blood
was drawn from the tail vein over the first 8 hours after dosing.
After 24 hours the animals were killed. The blood “C concentra-
tions decreased steadily (first order kinetics) with a t, of 26
and 21 minutes in male and females, respectively!®. HPLC analysis
of the blood samples revealed the presence of *C-0-CD which ac-
counted for 94-100% of the blood *C activity. The main route of
excretion was with the urine. All of the 'C excreted with urine
during the first 8 hours after dosing represented “C-oa-CD. The
recovery of small amounts of !*C in the feces and Gl-contents
(0.6 - 4.5%) suggests that minor amounts of o-CD may be excreted
with the bile'®. Fermentation of biliary a-CD by the intestinal
microorganisms explains the appearance of respiratory %C0, and
the incorporation C in organs and tissues. About 11% (range: 5
- 25%) of the administered “C-o-CD dose may be excreted with the

bile (calculated as sum of respiratory, fecal, intestinal, organ,

8 In a preliminary experiment with one human volunteer, a t;, of about 60-90 minutes

was observed after intravenous infusion of 3.88 mg o-CD (administered over a period
of 2 hours) (Hammes et al., 2000).

9 Excretion via the salivary glands has been suggested as an alternative route of

elimination which could explain the appearance of CDs in the Gl-tract after intra-
venous administration (Antlsperger & Schmid, 1996).
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and carcass 'C). Unfortunately, the interpretation of the re-
sults of this experiment iIs somewhat hampered by the incomplete
recovery of C in the majority of rats (less than 85% of the ad-
ministered dose was recovered in 5 out of 8 rats). The investiga-
tors suggested that the urine sampling may have been incomplete
because of manipulation of the animals during blood sampling.

In the fourth experiment, one group of germfree Wistar rats re-
ceived a single oral dose of 200 mg/kg bw *C-a-CD by gavage. The
rats were placed in metabolism cages for 24 hours. CO;, urine,
feces, etc. were collected as described for the first experiment.
While precautions were taken to avoid contamination of the ani-
mals with microorganism, completely germfree conditions could not
be maintained in the metabolism cages. However, the absence of a
significant microbial flora i1n the Gl-tract of these rats was
demonstrated by a low exhalation of !%CO, during the 24-hour ob-
servation period [mean: 1.3% of the administered dose; range:
1.11 - 1.43 (n=8)]-. About 0.34% (range: 0.16 - 0.74%) of the ad-
ministered '*C was excreted with the urine during the first 8
hours after dosing. An additional 0.93% (range 0.17 - 2.14%) was
excreted between 8 - 24 hours after dosing. Retention of C in
the organs (except the Gl tract) was very small (<0.1%). The big-
gest part, namely 90.7% of the administered dose corresponding to
93.2% (range 89-96%) of the total recovered dose was found in the

feces and Gl contents (stomach, small intestines, cecum, colon).
All of the '“C activity in the feces represented *C-a-CD. In the
pooled contents of the small intestine of the male rats a “C-
labelled degradation product of *C-a-CD was found. This indi-

cates that microbial colonization of that gut segment had started
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at the time of killing. However, only *C-a-CD and no degradation
products were found in the contents of the other intestinal seg-
ments (cecum, colon) (van Ommen & de Bie, 1995, van Ommen et al.,
2004).

Taken together, the results of these four experiments give a co-
herent picture of the absorption, disposition, metabolism and ex-
cretion of a-CD. In line with the results of in vitro experiments
with salivary and pancreatic amylase 1t was found that ingested
a-CD is resistant to the action of the digestive enzymes and is
not hydrolyzed to a significant extent during small intestinal
passage. Because of i1ts relatively high molecular volume and its

hydrophilic surface, only a very small fraction of ingested a-CD

Is absorbed. Since intravenously administered a-CD is not metabo-
lized to a significant extent by the enzymes of the liver or
other tissues, the fraction excreted with the urine after oral
administration directly reflects the degree of intestinal absorp-

20 In the three experiments with oral administration of C-

tion.
a-CD, not more than about 1% of the administered '“C-o-CD was re-
covered from the urine produced during the first 8 hours after
dosing (i.e., during the period of small intestinal transit).?
All the not digested and not absorbed o-CD, 1.e., about 99% of

the iIngested amount, reaches the microbially colonized segments

20 The excretion of a small fraction (about 10% of absorbed «-CD) with the bile is dis-
regarded in this context.

2L A higher absorption (15%-19%) was observed in the rat ligated-loop model when sodium
taurocholate was added to the luminal perfusate. However, this increase could be
completely inhibited by the addition of calcium chloride (Irie et al., 1988).
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of the gut where the a-CD ring is readily opened by microbial en-
zymes (certain amylases and cyclodextrinase). The resulting lin-
ear malto-oligosaccharides are then further hydrolyzed and fer-
mented via well established metabolic pathways (Antenucci &
Palmer, 1984).

Overall, the metabolic fate of iIngested o-CD resembles, there-
fore, that of other non-digestible yet fermentable carbohydrates,

such as resistant starch or inulin.

7.1.3 Digestibility in humans

It has been shown that more than 90% of an oral B-CD dose can be
recovered from the ideal effluent of ileostomic subjects (Flourié
et al., 1993). Since B-CD and a-CD are similarly resistant to the
hydrolytic action of pancreatic amylase In vitro, it iIs expected
that the digestibility in vivo of a-CD is similarly low as that
of B-CD (i.e., less than 10%).

Direct proof for the low digestibility of a-CD stems from a study

in which 12 healthy male volunteers received single doses of 25 g
a-CD, 50 g starch (in the form of about 100 g white bread), and a

mixture of 50 g starch and 10 g oa-CD. Capillary blood was col-
lected from the finger pricks in regular intervals over a 3-hour
period for analysis of glucose and insulin. The iIngestion of 50 ¢
starch produced the expected rise of blood glucose and insulin

levels. In contrast, no significant increase of blood glucose and
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insulin levels was noted after the intake of 25 g o-CD [Diamantis
& Bar, 2002; see also section 7.4 for a more complete description
of this study].

This result i1s in line with an early experiment on o-CD in two
diabetic subjects. The consumption of 50 g/d o-CD (of unknown pu-
rity) together with a low-carbohydrate diet was not associated
with an increase of the urinary glucose excretion as was observed
after consumption of 50 g white bread (von Hoesslin & Pringsheim,
1923). This result was confirmed In a subsequent series of ex-
periments in which diabetic subjects (including at Ileast two
type-1 diabetics) received daily doses of 50-100 g mixed CDs
(consisting mainly of a-CD with some pB- and y-CD) (von Hoesslin &
Pringsheim, 1927).

7.1.4 Absorption iIn humans

In the study of the glycemic effect of oa-CD, urine was collected

from all subjects during the 3-hour period after ingestion of 25g

a-CD or 10g a-CD and 100g white bread. The urine volume was meas-

ured. An aliquot was permethylated and analyzed by GC. The recov-
ered o-CD was expressed in percent of the administered dose. Af-

ter ingestion of 259 a-CD, 0.05% (range 0.00-0.18%, n = 12 sub-

jects) were excreted during 3 hours with the urine. After inges-
tion of 10g a-CD, 0.01% (range 0.003-0.031%) were excreted. As-
suming that absorbed o-CD i1s not metabolized by the human body

(like in rats) and assuming that there has been no significant
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excretion with the bile as i1ts suggested by a rat study with 1.v.
administration of o-CD (see Section 7.1.2), less than 0.01% of

ingested o-CD is on average absorbed in intact form by humans
(Gaebert, 2004).

7.2 Interaction with the absorption of lipophilic nutrients

When the safety of B-CD was assessed for the first time, there
was an initial concern that ingested pB-CD might impair the
bioavailability of certain lipophilic essential nutrients or
drugs by formation of complexes (WHO, 1993). However, TfTurther
data were developed subsequently, and it was concluded that such
concern was not warranted (WHO, 1996). The ingestion of pB-CD at
dietary concentrations of up to 5% did not influence the plasma
levels of vitamins A, D, and E and liver concentrations of vita-
mins A and E in dogs (Bellringer et al., 1995). In other chronic
feeding studies with pB-CD, no clinical effects were seen that
were indirectly suggestive of an impaired absorption of vitamins
or essential fatty acids (vitamin levels were not measured 1in
these studies) (Bellringer et al., 1995; Toyoda et al., 1997).

Considering the similar functionality of B-CD and a-CD as complex
forming agents, it would appear that the conclusion of non-
interference with vitamin absorption of B-CD applies equally to
a-CD. Furthermore, the possibility of an impaired vitamin absorp-

tion due to the ingestion of o-CD can also be dismissed on basis

of the following considerations and data.
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First, it must be noted that the formation of inclusion complexes
with CDs 1i1s reversible (Connors, 1995; Stella et al., 1999). It
follows from this that in the presence of other food components,
or stomach and intestinal contents, complexed guest molecules
will be replaced by other organic compounds which have a higher
affinity to the cyclodextrin cavity, or are present at higher
concentrations. In this way, the expelled guest molecules will

become readily available for absorption.

Second, a number of studies have shown that complexes of fat-
soluble vitamins or other lipophilic compounds with pB- or y-CD
are bioavailable and indeed may have a higher bioavailability
than the free, i1.e., not complexed form (Szejtly & Bolla, 1980;
Szejtli et al., 1983; Horiuchi et al., 1988; Uekama et al., 1988;
Bardos et al., 1989). This higher bioavailability is best ex-
plained by the higher water-solubility of the cyclodextrin com-
plex. For retinol acetate and vitamin K; a higher water solubil-
ity in the presence of the o-CD has been demonstrated (Pitha,
1981).

Third, o-CD is not known to form complexes with retinol, vitamin
D and vitamin E probably because the size of its cavity iIs too
small (Pitha, 1981).

For these reasons, an impairment of the bioavailability of vita-

mins 1s not expected from the use of o-CD in food.
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7.3 Interaction with the absorption of minerals

Having a low viscosity and a chemical structure which lacks ani-
onic or cationic groups, a-CD Is not expected to impair the small-

intestinal absorption of minerals.

The possibility of an impairment of vitamin and mineral absorp-
tion by the consumption of increased amounts of dietary fiber has
been addressed iIn several review articles (e.g., Gordon et al._,
1995; Gorman & Bowman, 1993; Rossander et al., 1992; Kelsay,
1990). Invariably 1t was concluded that dietary fiber, at recom-
mended levels of iIntake, does not adversely affect the vitamin
and mineral status of the average consumer. For resistant starch,
this was demonstrated recently In a study in which rats and pigs
received diets with 6% native starch or retrograded high-amylose
starch. The ingestion of the resistant starch did not signifi-
cantly affect the absorption or retention of Ca, P, Mg and Zn (De
Schrijver et al., 1999).

7.4 Attenuation by a-CD of the glycemic response to starch

containing food

Considerable experimental evidence demonstrates that the addition

of soluble, fermentable dietary fibers attenuates the glycemic
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response to starchy food, 1.e., reduces their glycemic index
(GI). This effect may arise through delayed gastric emptying, re-
duced activity of digestive enzymes, poorer mixing of intestinal
contents with digestive secretions, and/or an increased thickness
of the unstirred layer on mucosal cells which would slow the ab-
sorption of glucose.

In order to examine the Gl-reducing effect of a-CD, 12 healthy
male volunteers received, on separate days after overnight fast-
ing, single doses of 25 g a-CD, 50 g starch (in the form of about
100 g fresh white bread) and a mixture of 50 g starch (bread) and
10 g a-CD. Capillary blood was collected in regular intervals
over a 3-hour period for analysis of glucose and insulin. The 50-
g starch load produced the expected rise of blood glucose and in-
sulin levels. In contrast, no significant increase of blood glu-
cose and insulin levels was noted after the intake of 25 g o-CD.
After intake of starch (bread) with o-CD, the glycemic and i1nsu-
linemic responses were delayed and reduced in comparison to those
observed after intake of starch (bread) alone. Taking the GI of
the tested white bread as 100%, the mixture of bread plus a-CD
had a Gl of about 43%. The insulinemic index (11) was reduced
from 100% to 45% (Diamantis & Bar, 2002)%2.

These results demonstrate that o-CD has a beneficial physiologi-

cal effect in humans and, therefore, complies with recent defini-

22 In a diabetic subject a reduced urinary glucose excretion was observed after sup-

plementation with 50 g a-CD of a low carbohydrate diet (von Hoesslin & Pringsheim,
1923). However, in subsequent experiments with doses of up to 100 g o-CD this ob-
servation could not be reproduced and the blood glucose levels were reported to be
unaffected by the treatment (von Hoesslin & Pringsheim, 1927).

687145



tions of dietary fiber also from this perspective (AACC, 2001;
Institute of Medicine, 2001). Which of the above mentioned mecha-
nism(s) account for this effect remains yet to be determined.
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8 TOXICOLOGICAL STUDIES

8.1 Acute toxicity studies

The results of acute toxicity studies with o-CD are summarized iIn
Table 1.

8.1.1 Parenteral administration

In order to determine the LDsy, groups of Sprague-Dawley rats re-
ceived o-CD intravenously at doses of 576, 900 and 1400 mg/kg bw.
There were no deaths in the low-dose group. In the mid-dose
group, 5 rats died within 24 hours and 3 more rats in the subse-
quent 24 hour period. In the high-dose group all rats died within
24 hours. The acute LDsp of a-CD was calculated at 1 g/kg bw for

the intravenous route of administration (Frank et al., 1976).

In a subsequent experiment, groups of 4 rats were given 0.1 or

1.0 g/kg bw/d o-CD by subcutaneous injection for 1, 2, 3, 4 or 7
consecutive days. One rat of the high-dose group died after 2
days of treatment.Light and electron microscopic examination of
the kidneys revealed the typical signs of "resorptive vacuola-
tion” in the high-dose group. In the low-dose group, no abnor-
malities were detected iIn the kidneys (Frank et al., 1976).
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Resorptive vacuolation of renal tubular cells i1s a well estab-
lished effect of the parenteral (not orall!), acute or subchronic
administration of cyclodextrins (Coussement et al., 1990; Frank
et al., 1976; Hiasa et al., 1981). Resorptive vacuolation (inap-
propriately also called "osmotic nephrosis™) is the direct conse-
quence of the presence of high concentrations of cyclodextrin in
the primary urine. It is the microscopically visible result of
the uptake of urinary solutes by the epithelial cells via pinocy-
tosis followed by fusion of the pinocytotic vesicles with ly-
sosomes. Not only cyclodextrins but also linear carbohydrates of
different molecular size, such as inulin, dextran or sucrose,
cause 1identical renal effects (Fillastre et al., 1967; Kief &
Engelbart, 1966). Except for compounds which cannot readily be
degraded by lysosomal enzymes and which have a destabilizing ef-
fect on the membrane of the pinocytotic vesicles, resorptive
vacuolation usually i1s a reversible phenomenon which does not af-

fect the function or integrity of the tubular cells.

Since a- and B-CD appear to be quite resistant to the attack of
mammalian amylolytic enzymes, the resorptive vacuolation after
parenteral application of massive doses of these cyclodextrins
will persist and will entail fatal renal failure. Whether desta-
bilizing effects on the Ilysosomal membrane contribute to this
course of events, and whether there are differences iIn this re-
gard between o- and B-CD cannot be determined from Frank®"s ex-
periments because the two cyclodextrins were administered at dif-

ferent doses.
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Using o-CD manufactured as described in section 2 of this Dos-
sier, acute toxicity tests with intravenous application were per-
formed in mice and rats (Riebeck, 1990a, b) and with intraperito-

neal application in rats (Riebeck, 1990c, Prinsen, 1991a).

In mice, single doses of a-CD were administered by injection in
the tail vein at doses of 500, 750, 1000 and 2000 mg/kg bw. The
surviving animals were killed after an observation period of 14
days. Deaths occurred in all dose groups. No macroscopic altera-
tion of Kkidneys were observed on autopsy. Microscopic examina-
tions were not performed. The iIntravenous LDs; was estimated to
be between 750 and 1000 mg/kg bw (Riebeek, 1990a).

In rats, single doses of oa-CD were administered by injection in
the tail vein at doses of 500, 750 and 1000 mg/kg bw. The surviv-
ing animals were Kkilled after an observation period of 14 days.
Deaths occurred in the mid-dose group (8 out of 10 rats) and
high-dose group (2 out of 2 rats). The surviving animals recov-
ered, gained weight and appeared to be healthy at termination of
the study. Macroscopic examination at necropsy did not reveal any
treatment-related abnormalities. The intravenous LDsy was esti-
mated to be between 500 and 750 mg/kg bw (Riebeek, 1990b).

One group of 3 male Wistar rats received a single intraperitoneal
application of 4000 mg/kg bw a-CD. All animals died within a few
hours after treatment. At necropsy a "white deposition” was ob-

served on all organs iIn the abdomen (Riebeck, 1990c). Using lower
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a-CD doses of 500, 750, 1000, 1500 and 2000 mg/kg bw, the experi-
ment was repeated. There were no deaths in the lowest dose group,
and only 1 out of 10 rats died iIn the 750 mg/kg bw dose group. A
higher mortality was observed in all other dose groups and the
LDsp was determined at between 750-1000 mg/kg bw. There was no
observation of the "white deposits” iIn the abdominal cavity of
animals which died after the treatment or of survivors. A pale
kidney was noted In some animals but the incidence of this obser-
vation was not related to the applied o—CD dose (no abnormalities

were seen in the highest dose group) (Prinsen, 1991a).

8.1.2 Oral administration

Acute toxicity tests with oral application have not been per-

formed with o-CD produced as described in section 2 of this Dos-

sier.

An oral LDsp of a-CD of 12.5 g/kg bw is mentioned In a review ar-
ticle (Thompson, 1997) but the cited reference does not contain

this information.

In a micronucleus test, 15 male and 15 female Swiss mice received
a single oral dose of an aqueous a-CD solution by gavage (10 g a-
CD/kg bw). A control group of identical size received water only.
Subgroups of 5 mice /sex were killed after 24, 48 and 72 hours.
No signs of iIntoxication were observed in the treated group and
all animals survived until scheduled termination (Immel, 1991).
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8.2 Short term toxicity studies with oral administration of

a-CD

8.2.1 Mice

Groups of mice where given daily doses of 60 mg a-CD or B-CD by
gavage for 15 days. An untreated group served as control. Growth
of the animals, relative liver weights and fat content of the

livers did not differ between the groups (Miyazaki et al., 1979).

8.2.2 Rats

A mixture of linear dextrins, o-CD, B-CD and y-CD (560:30:15:5)
was fed at dietary levels of 0O, 19.5, 39, 58.5 and 78.0% to
groups of 20 male Sprague-Dawley rats. Additions of the dextrin
mixture to the diet were made at the expense of corn starch. The
rats received the test diets by meal feeding (2 x 1 hour/day) for
a period of up to 110 days. Only animals of the lowest dose group
(receiving feed with about 5.8% o-CD and 2.9% B-CD) exhibited a
similar growth as the controls. The other treatment groups had a
reduced weight gain (significant for the 58.5% and 78% group).
The 78%-group gained hardly any weight. Only iIn this group ani-
mals died prior to scheduled termination (50% mortality). Sub-

groups of 5 rats per treatment group were Killed after 30, 40, 60
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and 110 days of treatment. The main organs were removed and
weighed. The liver was analyzed for total lipid and triglyc-
erides, the serum for triglycerides. The organ weights of the
animals of the lowest dose group did not differ from control val-
ues at any time of the study. For all other dose groups, compari-
sons of organ weights could not be made because of substantial
(>10 to 60%) differences of body weights. The lipid levels in the
liver and plasma decreased with increasing degree of malnutrition
(Suzuki & Sato, 1985). Because a mixture of CDs was fed and an
unusual meal-feeding practice was applied which led to malnutri-
tion of the animals, this study is not adequate for the safety

assessment of o-CD.

A 28-day feeding study with o-CD was conducted iIn Wistar rats.

Four groups of 5 rats/sex each were fed diets to which 0, 1, 5,

10 or 15% a-CD or 5% B-CD were added at the expense of pregelati-
nized potato starch. Treatment started when the rats were about
5-6 weeks old. The general condition of the rats was checked
daily; body weights were recorded initially and then iIn 7-day in-
tervals. Food consumption was measured weekly and water consump-
tion daily. Hematological and clinico-chemical parameters were
analyzed in blood samples collected on day 28 when the rats were
killed. Gross necropsy was performed and organ weights were de-
termined. All rats survived to the end of the study. However,
transient diarrhea was observed during the first week of treat-
ment iIn the 5% pB-CD groups. In rats fed 15% o-CD, diarrhea did
not occur until day 6, but then persisted throughout the study.
Accordingly, body weights of this group were below controls
[males: -26% (p < 0.01); females: -7% (n.s.)]. Food intake was
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reduced in males of the 15% o-CD group (-22%). Water intake was
increased in males and females. There were a few changes of hema-
tological parameters but these were not related to the dose
and/or occurred in one sex only. The same applies to the clinico-
chemical parameters except that plasma alkaline phosphatase (AP)
was iIncreased significantly in males and females of the 15% o-CD
group. The plasma levels of aspartate aminotransferase and
alanine aminotransferase tended to be slightly elevated in the 5%
B-CD group (significant in females only). The absolute and rela-
tive liver weights were significantly decreased in males of the
15% o-CD group. A similar trend was observed in females (signifi-
cant for relative but not absolute liver weight). The cecum

weights (full and empty) were increased slightly iIn the 5% o-CD

and 5% B-CD groups and, more markedly, in the 15% a-CD group. A
few other changes of organ weights that were seen in males but
not In females of the 15% o-CD group, may be attributed to the
lower body weights of this group of rats. No gross abnormalities
were detected at necropsy that could be attributed to the o-CD
treatment. Microscopic examination of the main organs (liver,
kidneys, heart, adrenals, spleen, cecum, mesenteric lymph node)
revealed slight changes of the surface epithelial cells of the
cecum in 7 out of 10 rats of the 15% o-CD group?. However,
signs of Inflammation or degenerative changes of the intestinal
mucosa were not observed. A depletion of glycogen in periportal
hepatocytes of males of the 15% o-CD group was attributed to

their impaired nutritional state. The decreased liver weight of

2 The changes were described as "pale, hypertrophic enterocytes situated mainly at the
tip of the villi".
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this group was probably another manifestation of this condition.

The increased water consumption in animals of the 15% a-CD group
might have been the consequence of the loss of liquid with the
watery stool (diarrhea). In the absence of morphological changes
in the kidneys, it appears less likely that a renal mechanism
would be responsible for the 1increased water 1intake (Lina &
Bruynties, 1987; Lina & Bar, 2004a).%

In a subchronic (13-week) oral toxicity study, groups of 20 male
and 20 female Wistar rats received diets with 0, 1.5, 5 or 20% a-

CD. A comparison group received a diet with 20% lactose. a-CD and
lactose were added to the diets at the expense of pre-gelatinized

potato starch. Three satellite groups (10 animals/sex/group) re-

ceived the control diet, a diet with 20% a-CD, or a diet with 20%
lactose. After the treatment period of 13 weeks, the animals of
the main groups were killed. The rats of the satellite groups
continued the study receiving the control diet for another 4
weeks (recovery period).

Body weights as well as food and water intakes were recorded at
regular intervals. In addition to the standard hematological,
clinico-chemical and urinary parameters, urinary pH, creatinine
and calcium were measured in urine samples collected a few days
before the end of the treatment period and the recovery period. A
urine concentration test was performed on days 87/88. Feces were

collected for determination of fecal pH, dry weight (per 24h) and

24 The results of the 90-day feeding study provide additional evidence for the absence

of a renal effect.
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nitrogen content on days 73-74 (treatment period) and days 112-
113 (recovery period). Complete histopathological examination of
all standard organs and tissues was conducted in all animals of
the control and 20% a-CD groups killed at the end of the treat-

ment period. In the rats of the 1.5 and 5% a-CD groups, the
histopathological examination was limited to the kidneys, liver,
lungs and gross lesions.

All animals (except one female of the 5% dose group which had to
be killed because of a prolapse of the vagina) survived until
their scheduled termination. Soft stools were observed during the
first few weeks iIn most animals (particularly males) of the 20%
oa-CD group and the lactose group. Otherwise, no signs of treat-
ment-related reactions were seen. Mean body weights were
slightly, at the end of the study (days 84, 91) significantly,
reduced in males, but not females of the 20% a-CD group. Males of
the 20% Blactose group exhibited reduced body weights throughout
the study. This reduction of body weights did, however, not ex-
ceed 10% at any time (on day 91: -6.1 and -7.8% in the 20% o-CD
and 20% lactose group, respectively). Food intakes were increased
by 6.7% in males and 5.6% in females of the 20% a-CD group (the
difference to controls was significant on a few occasions). Oth-
erwise, food intakes did not differ between treated groups and
controls. The food conversion efficiency was calculated for each
of the first four weeks of the study. It was about 10-15% below
control levels in males of the 20% a-CD and 20% lactose groups
(no difference between these two groups). In females, there was

no difference of food conversion efficiency between the groups.
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Water consumption did not differ between treated groups and con-
trols except for a slight increase on 2(1) days of the first week

of treatment in males (females) of the 20% o-CD group, and on 3
days iIn males of the 20% lactose group. The hematological and
clinico-chemical parameters as well as the semi-quantitative
urine analyses did not reveal adverse changes that could be at-
tributed to the a-CD treatment.® During the urine concentration
test, similar urine volumes were produced by the different treat-
ment groups. In fresh urine samples collected from rats who were
not deprived of food and water prior to sampling, urinary pH was

decreased and calcium increased in males and females of the lac-

tose group. The ingestion of o-CD had a similar effect on these
parameters. Fecal pH was decreased, and fecal dry weight and ni-
trogen excretion were increased in males of the lactose group.
The females of this group also exhibited increased feces weights
(increase not significant) and increased nitrogen excretion (sig-

nificant). Corresponding, yet somewhat more pronounced changes of

these fecal parameters were observed in the 20% o-CD group.

At the end of the treatment period, the absolute and relative
weights of the full and empty cecum were increased in males and
females of the 20% lactose group and, to a bigger extent, 20% o-
CD group. The rats of the 20% lactose group also exhibited in-
creased relative weights of the spleen and liver (females), and

the testes, adrenals and brain (males). For the spleen (p<0.01),

% A significant decrease of plasma triglycerides and phospholipids was observed in

males of the 20% o-CD group. A similar effect was observed in a 2-week feeding
study, in which rats received diets with 5 and 10% o-CD (added at the expense of
cellulose) (Shizuka et al., 1996).
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testes (n.s.) and adrenals (n.s.), a slight increase was noted

also in males of the 20% o-CD group. Except for the cecum, none
of these organ weight changes persisted to the end of the recov-
ery period.

Histopathological examination of the organs and tissues of rats
killed at the end of the treatment period did not reveal any ab-
normalities that could be attributed to the treatment. Conse-
quently, no histopathological examination was conducted on ani-

mals of the satellite groups.

It was concluded that the ingestion of o-CD for 13 weeks at die-
tary levels of up to 20% (corresponding to intakes of 12.6 and
13.9 g/kg bw/d for male and female rats, respectively) was well
tolerated and did not produce any signs of toxicity (Lina, 1992;
Lina & Bar, 2004a). The slightly decreased body weights and feed

conversion efficiency in males of the 20% oa-CD group were not

considered to be adverse effects. Since oa-CD is metabolically
available only in an indirect way after fermentation by the in-
testinal microflora, its physiological energy values 1is lower
than that of starch for which it substituted in the test diets.
For the same reason, body weights and feed conversion efficiency
were also decreased in males of the 20% lactose group. Why ef-
fects on body weights and feed conversion efficiency were seen
only in males but not females, iIs not known. However, in the ab-
sence of data on carcass composition (ratio of lean-to-fat body
weight) any interpretation of small changes in body weights would

anyhow remain speculative.
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The few, treatment-related changes iIn the 20% o-CD and lactose
groups are those that are typically seen in rodents fed high
doses of incompletely digested and absorbed carbohydrates (e.g.,
softer stool, cecal enlargement, slightly lower body weights, in-
creased urinary calcium excretion, lower urinary and fecal pH,
increased fecal weight and fecal nitrogen excretion). In quanti-
tative terms, these changes (except for body weights) were some-
what more pronounced in the 20% a-CD group than in the lactose
group. This difference may be explained by the different digesti-
bility of a-CD (completely indigestible) and lactose (about 50%
digestible iIn rats).

It is known that cyclodextrins have a slight inhibitory effect on
the activity of certain amylases in vitro (Mora et al., 1974;
Brock & Brock, 1990; Fukuda et al., 1992)%°. Considering the
relatively small difference between the 20% o-CD and 20% lactose
group of parameters related to the non-digestibility of carbohy-
drates (in particular the cecum weights), it appears unlikely
that the presence of o-CD in the chyme reduced the digestion of
dietary starch by pancreatic amylase to a relevant extent. But
even 1Tt some inhibition of amylase activity took place, this
should not be a matter of toxicological concern because the fer-
mentation of undigested starch and o-CD yields the same breakdown

products (short-chain fatty acids), and because some starch re-

26 The inhibition constant of a-CD for porcine pancreatic a-amylase using amylase as a

substrate is 7mM (corresponding to 6.8 g/l) (Koukiekolo et al., 2001). y-CD and B-
CD have lower values of 3.0 and 1.2 mM, respectively.
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mains undigested and is fermented in the colon also under ordi-
nary dietary conditions (Annison & Toping, 1994; Stephen, 1991).

None of the effects that were observed in the 28-day rat study in
association with the intake of a-CD could be reproduced in the

90-day study even though a higher top dose (20% in the 90-day
study, 15% in the 28-day study) was applied. The possible reasons
for the persistent diarrhea in the 15% o-CD group of the 28-day
study, and all the sequelae of it such as increased water con-
sumption and reduced body weight gains are not entirely clear.
However, a difference in the composition of the basal diet may
have played a role. In the 28-day study the main source of
carbohydrate was pre-gelatinized potato starch (25% iIn the top
dose group) and whole ground wheat (18%). In the 90-day study,

whole ground wheat (28%) and maize (10%) were used.

8.2.3 Dogs

In a subchronic (90-day) toxicity study, four groups of Beagle

dogs received diets with 0, 5, 10 or 20% a-CD (4 dogs/sex/group).
The test substance was added to the diet at the expense of pre-
gelatinized potato starch. Body weights and food consumption were
measured weekly. Ophthalmoscopic observations were made before
and at the end of the treatment period. Standard hematological
and clinico-chemical analyses were conducted in blood samples
collected before start of the treatment and in weeks 6 and 12 of

the study. Urine was collected for semi-quantitative urinalysis

827145



in week 13. In week 14, the dogs were killed and subjected to
gross examination. Organ weights were determined and histopa-
thological examination of all standard organs and tissues was

performed on all animals.

All dogs remained in good health during the study. Transient di-
arrhea occurred in all three treatment groups. The iIncidence and

severity of diarrhea increased with increasing dietary levels of

a-CD (slightly less pronounced in females than in males)?’. Body
weights did not differ significantly between the groups but the
weight gain of females of the 20% group was somewhat reduced from

week 4 onwards. Food intake was slightly increased, particularly

in males of the 20% o-CD group. Correspondingly, the calculated

food efficiency was slightly (n.s.) decreased in this group.

No treatment-related differences were observed with respect to
ophthalmoscopic examinations, hematological parameters, clinico-
chemical analyses of the plasma, and semi-quantitative urine
analyses. Only the urinary pH was slightly below control levels
in males (n.s.) and females (p<0.05) of the 20% dose group. NoO
abnormalities were seen at necrospy that could be attributed to
treatment. The organ weight data revealed some cecal enlargement
in the 10 and 20% dose groups (significant only in males). On mi-
croscopic examination, no treatment-related effects were observed

in any of the various organs and tissues. Transient diarrhea,

27 In the 5, 10 and 20% a-CD groups, slight to moderate diarrhoea was reported for 26,
63 and 83% of all observation occasions in males and 13, 40 and 82% in females (4
dogs/group x 92 days = 368 observation occasions = 100%). Severe diarrhoea was ob-
served on 4 and 5 observation occasions in males of the 10 and 20% o-CD groups.
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slight cecal enlargement and a slightly increased acidity of the
urine were the only effects that could be attributed to the «o-CD
treatment. The iIntensity of these physiological changes was much
less than is observed commonly iIn dogs iIn response to the inges-
tion of low digestible carbohydrates.

It was concluded that the intake of o-CD at dietary levels of up
to 20% (corresponding to iIntakes of approximately 9.8 and 10.4
g/kg bw/d in male and female dogs, respectively) was tolerated
without any toxic effects (Til & von Nesselrooij, 1993; Lina &
Bar, 2004b).

8.3 Long-term toxicity/carcinogenicity studies

No data available

8.4 Reproduction studies

No data available
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8.5 Special studies on embryotoxicity/teratogenicity

o-CD was administered in ground feed (0O, 5, 10, or 20%) to preg-
nant Swiss Albino mice during the major period of organogenesis
(day 6 - 16 of pregnancy). Maternal clinical signs, body weights,
and food and water consumption were monitored at regular inter-
vals from day O - 17. On day 17, the dams were killed and the fe-
tuses removed from the uterus and examined for evidence of devel-
opmental toxicity. In the dams, 20% a-CD increased maternal rela-

tive food consumption?® at the end of the dosing period (day 12 -
16) and thereafter (16 - 17). No a-CD related effects on maternal
food intake were noted for the lower doses of a-CD. Based on the
average relative food consumption during the dosing period, the
5, 10, and 20% o-CD groups ingested 13.7, 23.1, and 49.3 g/kg
bw/day a-CD, respectively. Maternal relative water consumption

was unaffected by o-CD administration.

Examination of the uterine contents indicated that o-CD was not
developmentally toxic. The percent resorptions/litter, average
number of live fetuses/litter, average fetal body weight/litter,
and sex ratio/litter did not differ from control values at all
dose levels. The incidence of external, visceral, or skeletal

28 Relative food consumption = g food intake/kg bw.
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malformations showed no treatment-related effects. The incidence

of variations was similarly unaffected by the treatment.

The results indicated that o-CD administered to pregnant mice at
levels as high as 20% in the diet corresponding to 49.3 g/kg/day
had no adverse effect on embryo/fetal development (Price et al.,
1996; NTP, 1994b).

8.5.2 Rats

a-CD was administered in ground feed (0O, 5, 10, or 20%) to preg-
nant Sprague-Dawley rats during the major period of organogenesis
(day 6 - 16 of pregnancy). Maternal clinical signs, body weight,
and food and water consumption were monitored at regular inter-
vals from day 0 - 20. On day 20, the dams were terminated and the
fetuses removed from the uterus and examined for evidence of de-

velopmental toxicity.

In the dams, oa-CD caused dose-dependent increases iIn maternal
relative food consumption during the dosing period (day 6 - 16).

Relative food consumption®® remained elevated on day 16 - 18 in
the 10% and 20% o-CD groups, but returned to normal by day 18 -
20. Based on the amount of food consumed during the dosing pe-
riod, the dams in the control 5, 10, and 20% a-CD groups ingested
approximately 0, 4.2, 9.0, and 20 g/kg/day oa-CD, respectively.

Maternal water consumption during the dosing period showed no
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distinct dose-related effects; however, sporadic, individually

significant increases in water consumption were observed iIn all
a-CD dose groups. After the dosing period, relative maternal wa-

ter consumption was elevated on day 16 - 18 in the 10% and 20% o-
CD groups. In spite of the treatment-related iIncreases In mater-
nal food consumption, average maternal body weight or average ma-
ternal body weight gain during or after the dosing period was not

affected by oa-CD administration. Examination of the uterine con-

tents indicated that o-CD was not developmentally toxic. The per-
cent resorptions/litter, average number of live fetuses/litter,
average fetal body weight/litter, and sex ratio/litter were com-
parable to controls at all o-CD dose levels. The incidence of ex-
ternal, visceral, or skeletal malformations showed no treatment-
related effects. The incidence of variations was similarly unaf-
fected by o-CD administration. These results demonstrate that o-
CD did not produce any developmental and maternal toxicity at in-
takes of up to 20 g/kg/day, the highest dose tested, which is the
NOAEL (Price et al., 1996; NTP 1994a).

The possible embryotoxicity/teratogenicity of o-CD was examined

In Wistar rats. o-CD was fed at dietary concentrations of 0, 1.5,
5, 10 or 20% to groups of 25 pregnant female rats from day O to
21 of gestation. A comparison group received a diet with 20% lac-
tose. The additions to the diet of o-CD and lactose were made at
the expense of pre-gelatinized potato starch. Body weight as well
as food and water intake were recorded during the treatment pe-
riod. The rats were killed on day 21 and examined for standard
parameters of reproductive performance (number of corpora lutea,
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implantations, early and late resorptions, live and dead fetuses,
ovary weight, uterus weight (full and empty), placenta weight, as
well as weight, length and sex of fetuses). The fetuses were sub-
jected to visceral and skeletal examination using standard tech-
niques. Generally, o-CD was well tolerated and no deaths or abor-
tions occurred 1In any group. Diarrhea did not occur and soft
stool was observed only in one rat of the 20% o-CD group on one
day (day 11). Maternal weight gains and food consumption were
similar in all groups during gestation, except for a slightly iIn-
creased food intake in the 20% a-CD group from day 6 - 21 and a
decreased food intake In the 10% o-CD group from day 16-21. Water

intake was iIncreased from day 16-21 in the 20% o-CD group; in the
lactose group, water intake was significantly increased from day
O - 21. Reproductive performance was not affected by the o-CD
treatment. All pregnant females had litters with viable fetuses.
None of the examined parameters was influenced by the treatment.
Necropsy of the maternal rats did not reveal gross changes that
could be attributed to the treatment. Examination of the fetuses
for external, visceral and skeletal malformations and anomalies
did not reveal any fetotoxic, embryotoxic or teratogenic effects

of o-CD. A significantly increased incidence of renal pelvic

cavitation, a visceral variation, was found in rats fed 20% a-CD
(33% of fetuses affected) and 20% Hlactose (38% of fetuses af-
fected) versus control rats (18% of fetuses affected). The iInci-
dence of reduced or incompletely ossified sternebrae was signifi-
cantly enhanced in all except the 20% a-CD groups (including the
20% lactose group). In conclusion, no adverse effects were ob-

served at o-CD intakes of up to 20% of the diet, corresponding to
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about 11 g/kg bw/d, the highest dose tested, which i1s the NOAEL
(Verhagen & Waalkens-Berendsen, 1991; Waalkens-Berendsen & Bar,
2004).

8.5.3 Rabbits

In a standard embryotoxicity/teratogenicity study, o-CD was ad-
ministered to groups of sixteen, artificially iInseminated New
Zealand White rabbits at dietary concentrations of 0, 5, 10, or
20%. A comparison group received a diet containing 20% lactose.
a-CD and lactose were added to the diets at the expense of prege-
latinized wheat starch. Treatment started on day 0O of gestation
and ended on day 29 when the animals were killed. Body weights
and food consumption were determined during the treatment period.
At termination, the standard parameters of reproductive perform-
ance were determined (number of corpora lutea, implantation
sites, live and dead fetuses, early and late resorptions; weight
of ovaries, uterus (full and empty) and placenta; fetal length,
weight and sex). The parental animals were subjected to gross ne-
cropsy. The placentas of the control, 20% oa-CD, and lactose
groups were examined for gross abnormalities. The fetuses were
examined under the microscope for external, visceral, and skele-
tal alterations using standard techniques. The skeletal examina-
tions were restricted to the control, 20% oa-CD, and lactose

groups.
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Except for the occurrence of transient mild diarrhea in 1 rabbit
of the 20% o-CD group, the treatments were well tolerated. A re-

duced food intake in the 20% a-CD group during the first week of
treatment resulted in a reduced weight gain during week 1 and 2
of the study. After week 2 there were no differences iIn weight
gains between the groups, and at termination of the study body
weights were similar in all groups. Even at the highest dose
level, which corresponds to an intake of 5.9 - 7.5 g/kg bw/day,
no signs of maternal toxicity were observed. Reproductive per-
formance was not affected by the o-CD treatment. Uterine weight,
placental weight, fetal weight, number of fetuses, sex ratio, as
well as the number of implantation sites, resorptions and corpora
lutea did not differ between treated groups and controls. In the
20% lactose group, the incidence of placental cysts was higher

than in the control group.

Visceral and skeletal examinations of the fetuses did not reveal
any malformations, anomalies or variations that could be attrib-
uted to the o-CD treatment. In the lactose group, the iIncidence
of unossified front phalanges and the total incidence of skeletal
retardations were significantly reduced. It was concluded that
dietary o-CD was well tolerated by pregnant rabbits, had no ad-
verse effect on reproductive performance and was not embryotoxic,
fetotoxic or teratogenic at dietary concentrations of up to 20%
corresponding to an intake of 5.9 - 7.5 g/kg bw/d, the highest
dose tested, which is the NOAEL (Waalkens-Berendsen & Smits-van
Prooije, 1992; Waalkens-Berendsen et al., 2004).
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8.6 Special studies on genotoxicity

The results of genotoxicity studies with o-CD are summarized 1in
Table 2. 1t is concluded that o-CD i1s not mutagenic in standard
Ames tests (Blijleven, 1991). In an iIn vivo mouse bone-marrow mi-
cronucleus test, o-CD did not produce any chromosomal damage or

damage of the mitotic apparatus (Immel, 1991).

8.7 Special study on skin irritation/sensitization

The potential of o-CD for inducing cutaneous delayed hypersensi-
tivity was examined in guinea pigs. The study comprised a control
group (6 animals/sex) and a treated group (10 animals/sex). In-
duction was made in two steps. First, a 3% a-CD solution was in-
jected intradermally with Freund®s Complete Adjuvans (FCA). The
controls received water with or without FCA. One week later, a
30% dilution of a-CD in vaseline was applied topically (controls:
vaseline alone). After two more weeks, a challenge treatment was
made by applying topically vaseline with 0 (control), 10 or 30%
a-CD.

The challenge treatment did not provoke signs of hypersensitivity
(erythema, edema) at 24 or 48 hours after the challenge. It was

concluded that o-CD is not a sensitizer (Prinsen, 1992).
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8.8 Special study on skin irritation and corrosion

The potential of o-CD for inducing dermal irritation and corro-

sion was examined iIn three albino rabbits. A mixture of o-CD (0.5
g) with water (0.3 g) was Tirmly applied to a defined area of the
shaven skin for a period of 4 hours. Skin irritation scores were
recorded at 1, 24, 48 and 72 hours after removal of the test ma-
terial. No sign of skin irritation were observed at any time 1iIn
any animal. This results demonstrates that o-CD iIs not irritating

or corrosive to the skin (Prinsen, 1991c).

8.9 Special studies on eye irritation

The ocular effects of dry o-D were examined in 3 albino rabbits.

An amount of 0.062 g a-CD was instilled as a dry powder in the
conjunctival cul-de-sac of the right eye of each rabbit. The re-
action was examined at 1, 24, 48 and 72 hours and 7 and 14 days
after administration. Different signs of acute eye Iirritation
were seen starting at 1 hour after treatment. At 7 days after
treatment, eye effects had cleared completely 1In one rabbit,
whereas ischemic necrosis of the nictitating membrane, slight
redness and slight swelling of the conjunctivae were still ob-
served In the two other rabbits. At 14 days after treatment,

these eye effects had also cleared completely. It was concluded
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that dry o-CD powder is irritating but not corrosive to the eye
(Prinsen, 1990).

Solutions of o-CD (7.25 and 14%, w/v) were instilled in the con-
junctival cul-de-sac of the right eye of 2 groups of 3 rabbits
each. The ocular reactions were examined after 1, 24, 48 and 72
hours. The treatments caused slight redness and slight swelling
of the conjunctivae iIn some animals. All eye effects had cleared
completely at 24 hours after treatment. It was concluded that so-
lutions of a-CD are not irritating and not corrosive to the eye
(Prinsen, 1991b).

8.10 Special studies on cell membranes

The iInteractions between o-, B- and y-cyclodextrin and membrane
phospholipids, liposomes and human erythrocytes were studied in
vitro. None of these three cyclodextrins increased the permeabil-
ity of dipalmityol-phosphatidylcholine liposomes.?® No effect on

the active transport of “’K" into erythrocytes was observed at a
concentration of 1072 mol/1 (37°C). However, the release of %K',
8Rb* and '¥'Cs* from erythrocytes by passive transport was in-
creased with pB- but not with a- or y-CD at a concentration of 1.7
x 1072 mol/1 (Szejtli et al., 1986).

2 The effect of CDs on the permeability of liposomes varies with the composition of

the liposomes. The permeability of lecithin and dicetylphosphate containing lipo-
somes was increased by a-CD (Miyajima et al., 1987; Nishijo et al., 2000).
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The effects of a-, B- and y-CD on the integrity of human erythro-
cytes were examined In a series of In vitro experiments. On incu-
bation of erythrocytes with increasing concentrations of cyclo-
dextrines iIn isotonic buffer for 30 min, hemolysis was initiated
at 3 mM B-CD, 6 mM o-CD and 16 mM y-CD. On the other hand, hemo-
lysis induced by incubation in hypotonic buffer was reduced by
the presence of a- and y-cyclodextrin at concentrations of up to
5 and 10 mM, respectively. The observation that human erythro-

cytes tolerated o-CD better than p-CD was confirmed in other

studies in which a-CD concentrations of between 5 to 10 mM were
required for the induction of hemolysis (Leroy-Lechat et al.,
1994; Okada et al., 1988; Skiba, 1990; Kimura et al., 2000). The
hemolytic effect of the different CDs was ascribed to a cyclodex-
trin-mediated extraction of cholesterol and other lipids from the

erythrocyte membrane (lIrie et al., 1982). B-CD forms stable in-

clusion complexes with cholesterol. o-CD, on the other hand, does
not interact with cholesterol but forms complexes with phosphol-
ipids (Irie et al., 1982; Ohtani et al., 1989; Debouzy et al.,
1998; Nishijo et al., 2000). It appears that the unsaturated side
chain(s) of the phospholipids account for the complex formation
(Fauvelle et al., 1997; Jouni et al., 2000). In the case of phos-
phatidylinositol, a complex with the polar headgroup is formed as
well (Fauvelle et al., 1997; Debouzy et al., 1998). On this basis

It has been proposed that sugars could act as specific anchor for

a-CD at the erythrocyte surface (Debouzy et al., 1998).
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The higher tolerance of human erythrocytes to o-CD than to B-CD
also was confirmed in a study in which the shape of human eryth-
rocytes and the release of K" and hemoglobin were examined in the
presence of iIncreasing concentrations of these three cyclodex-

trins. The highest tolerance was found for y-CD. B-CD, but not a-

or y-CD, at concentrations of >1 mM led to a significant release
of cholesterol and protein from the erythrocytes. Phospholipids
were released in the presence of >1 mM a-CD or B-CD. y-CD had to
be present at a concentration of 4 mM to induce a release of
phospholipids, and at a concentration of more than 20 mM for a

release of cholesterol or protein (Ohtani et al., 1989).

The cytotoxic potential of different cyclodextrins was studied
with P388 murine leukemia cells. To growing cultures of these
cells in RPMI medium with 10% fetal calf serum, 1iIncreasing
amounts of cyclodextrins were added. After incubation for two
hours 1n the presence of the cyclodextrins, the cells were
washed, suspended i1n culture medium and incubated for 48 hours

whereupon the cells were counted. The concentrations of a-, pB-

and y-CD which elicited initial cytotoxicity were 11, 2.5 and 55
mMol (1.1, 0.28, 7.1%), respectively (Leroy-Lechat et al., 1994).

The effect of a-, pB- and y-CD on the growth of rat glial cells
was examined using concentrations of 0, 0.1, 0.5, 1.0 and 5.0
g/1l. The cells were cultured in serum-free medium for 5 days. a-
CD had a slight growth promoting effect at concentrations above
0.5 g/1 which, however, was smaller than that of 10% fetal calf
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serum (Nakama, 1992). A growth promoting effect of a-CD has also
been reported from experiments with human lymphoblast and fibro-
blast cell lines. No cytotoxicity of oa-CD was observed up to the
highest concentration tested (2 g/l1) (Yamane et al., 1981).

The membrane effects of a-, p- and y-CD also were examined with
bacterial cells using a luminous E. coli strain as a model. It
was found that B-CD at concentrations of 0.03 and 0.5% (w/w) re-
duced luminescence by 20 and 50%, respectively. For o-CD, the re-
spective concentrations were 0.16 and 10%. For y-CD, a concentra-
tion of 2% was required to reduce luminescence by 20%. A reduc-

tion by 50% could not be achieved even at the highest concentra-
tion tested (10%) (Bar & Ulitzur, 1994).

Cultured human ciliated nasal epithelial cells were used to
screen the cilio-inhibitory effect of different cyclodextrins. a-
CD exhibited a dose-related effect on ciliary beat frequency
(CBF). At concentrations of 1 and 2% in the serum-free test me-
dium, o-CD did not inhibit CBF (45 min exposure time). At oa-CD
concentrations of 3% and 5%, CBF was reduced by 23 and 54%, re-
spectively. At 3%, the inhibition was completely reversible; at
5% 1t was partially reversible after washing the cells for 10

minutes. y-CD had no inhibitory effect on CBF in the tested dose
range (2-8%). B-CD was not examined (Agu et al., 2000).
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8.11. Special studies on CD-mediated changes of intestinal

permeability

Interaction of certain CDs with components of cell membranes
(cholesterol, phospholipids) changes their fluidity and perme-
ability (Irie et al., 1982). It is conceivable that such changes
lead to an enhanced permeability of epithelia by increased trans-
cellular or paracellular permeation (opening of "tight junc-

tions™).

The effects of different CDs on the digestion and absorption of
two model peptides [glycosylated calcitonin and octreotide (an
octapeptide)] were examined in an intestinal cell culture model
(Caco-2) and in situ absorption studies In rats. In a first ex-
periment, the effect of CDs on the peptic and tryptic digestion
of calcitonin was measured. At a ratio of 1:15 (calcitonin:CD,
w/w), o-CD had no effect but all the other CDs slightly inhibited
the enzymatic degradation. Using the Caco-2 model, radiolabelled
octreotide as test substance, and CD concentrations of 1% in the
serum-containing culture medium, an increase of relative permea-
tion rates (from the apical to the basolateral side of the Caco-2
cell monolayers) was observed. It was highest for o-CD (3.51-
fold) and lowest for dimethyl-p-CD (2.43-fold). y-CD (2.86-fold)
and B-CD (2.94-fold) took an intermediate position. Using PEG-
4000 as test substance, the same rank order was observed. Meas-
urement in the apical medium of lactate dehydrogenase as a marker
of cell integrity indicated that the treatment caused no signifi-

cant damage to the cells. In situ absorption studies with injec-
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tion of a solution of test substance and different CDs (0.5 ml
saline with 100 pug octreotide + 5 mg CD or 200 ug calcitonin + 3
mg CD) in a ligated segment of the proximal jejunum confirmed the
enhancing effect of CDs on the intestinal absorption of these
peptides. However, the rank order of efficacy was changed in com-
parison to the Caco-2 model in that oa-CD had no effect on octreo-

tide absorption and the smallest effect on calcitonin absorption
(Haeberlin et al., 1996).

Using the Caco-2 cell model and !C-mannitol as test substance

which is thought be absorbed mainly by the paracellular pathway,
the permeability enhancing effect of oa-CD, y-CD and hydroxypro-
pyl-p-CD (HP-B-CD) were examined. Contrary to the observations by
Haeberlin and collaborators, a-CD had no effect at concentrations
of 0.1 and 1% in the serum-containing culture medium. However, at
a concentration of 5% it increased the mannitol absorption. y-CD
(at 0.1, 1.0, 5%) and HP-B-CD (at 1%) did not increase mannitol
absorption (McAllister & Taylor, 1999). Using the same experimen-
tal system, no change of mannitol was observed at an a-CD concen-
tration of 75 mM (7.3%) by others (Ono et al., 2001).

Using the Caco-2 cell model and !C-PEG-4000 as test substance
which i1s absorbed entirely by the paracellular pathway, the ef-

fects of different CDs were evaluated. It was found that o-CD, y-
CD and HP-B-CD at concentrations of 0.25 - 5%, and pB-CD at 1.8%

(maximal solubility) did not affect the transepithelial electri-
cal resistance (TEER) of Caco-2 cell monolayers. On the other
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hand, DM-B-CD reduced the TEER in a dose-dependent manner. Treat-

ment of the monolayers with CDs for 15 and 60 min did not cause
trypan blue staining except for DM-B-CD (at 2.5 and 5%). Permea-
tion PEG-4000 was not affected by the presence of o-CD, B-CD, y-
CD and HP-B-CD at the concentrations tested [up to 5% (B-CD:

1.8%)]. However, DM-B-CD had an enhancing effect on PEG permea-
tion which was directly related to the applied dose and duration
of exposure. It was concluded that DM-B-CD, but not any of the
other tested CDs, opens the "tight junctions™ of Caco-2 monolay-
ers upon direct contact at sufficient concentration for a suffi-
cient period of time (Hovgaard & Brondsted, 1995).

Using higher concentrations of o-CD, an effect on the TEER of
Caco-2 cell monolayers was observed by others (Ono et al., 2001).
An o-CD concentration of 25 mM (2.4%) appeared to be a no-effect
level not only with regard to TEER but also for cytotoxicity (de-
termined by intracellular dehydrogenase activity), the transport
of Rhodamine 123, protein release and LDH release of Caco-2 cells
(Ono et al., 2001). A significant release of phospholipids was
observed at an o-CD concentration of 37.5 mM (lower concentra-

tions were not tested).

The effect of o-CD and B-CD on the absorption of sulfanilic acid
(SA) was investigated in a series of experiments including ab-
sorption from ligated loops (in situ) of rat small intestine (Na-
kanishi et al., 1992, 1990). Appreciating the protective role of

the mucus which covers the intestinal mucosa, the experiments
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were performed in the presence or absence of N-acetyl-L-cysteine,

a non-toxic mucolytic agent.

In the absorption experiment with in situ ligated loops it was
found that pretreatment (perfusion) with 10 mM solutions of o-CD
and B-CD did not enhance the absorption of subsequently adminis-
tered sulfanilic acid. However, after pretreatment with pB-CD 1in
combination with acetyl cysteine, the absorption of sulfanilic
acid was increased significantly. o-CD in combination with acetyl
cysteine had no effect. Analysis of the perfusate for cholesterol
and phospholipids showed that pB-CD promoted the release of cho-
lesterol and o-CD the release of phospholipids if the protective
mucus layer had been removed by acetyl cysteine. Morphological

changes of the intestinal mucosa were not observed with any
treatment (Nakanishi et al., 1992).

On perfusion for 30 minutes of small iIntestinal segments of rats
with saline or with saline plus a-, pB- or y-CD (18.5 g/l) it was
found that pB- and y-CD increased the cholesterol content of the
perfusate. o-CD had no effect on this parameter. The phospholipid
and protein concentrations of the perfusate remained unaffected
by a-CD. The active glucose transport was significantly depressed

after B-CD treatment (effects of oa-CD and y-CD on this parameter

were not examined) (Mori et al., 2000).
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8.12 Studies in human volunteers

In an early metabolic study of o-CD, two type-2 diabetic subjects

received 50 g/d oa-CD. The substance was given with a low-
carbohydrate diet (the authors did not specify whether the 50-g
dose was consumed as a bolus dose or whether ingestion was spread
over several eating occasions). Nausea was noted In one subject
at one out of two experimental days about 10-12 minutes after in-
gestion. Other side-effects did not occur. The authors attributed
this effect to an (unknown) impurity rather than to o-CD itself
(von Hoesslin & Pringsheim, 1923).

In a subsequent series of experiments (which included an unspeci-
fied number of diabetic patients), a purified CD preparation
(consisting mainly of a-CD with some pB- and y-CD) was consumed at
doses of 50-100 g/day. Some but not all volunteers (proportion
not specified) reported nausea and, occasionally, diarrhea. The
results of urine analyses of four diabetic patients (two of which
were presumably type-1 diabetics) were presented. The results
demonstrate that the ingestion of the CD preparation did not lead
to an elevation of the urinary glucose excretion as was seen af-

ter the ingestion of bread (von Hoesslin & Pringsheim, 1927).

The gastrointestinal tolerance of a-CD was examined in 12 healthy
male volunteers in the context of a study on its glycemic ef-
fects. A single 25-g bolus dose of o-CD (dissolved in 250 ml wa-

ter) was administered to overnight fasted subjects. One subject
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reported diarrhea and three other subjects abdominal discomfort.
However, these effects were rated as "mild"” and did not prevent
the volunteers from further participation in the study. The in-

gestion of 10 o-CD (dissolved in 250 ml water) together with 100
g fresh white bread was not associated with any intestinal side-
effects 1n any of the subjects (Diamantis & Bar, 2002).

The observation of flatulence, bloating, nausea and soft stool
upon 1ingestion of high doses of low digestible carbohydrates,
particularly if ingested in liquid form on an empty stomach, is a
well-known phenomenon. It iIs caused in part by an influx of water
in the small intestine (for achieving isotonicity) and in part by
the ensuing fermentative process in the more distal parts of the
gut.

While there is limited data on the intestinal tolerance of o-CD
In humans, studies of other low-digestible carbohydrates such as
inulin, fructooligosaccharides (FO0S), polydextrose, resistant
(malto)dextrins and other oligosaccharides provide additional in-

formation. This information is, by and large, applicable to a-CD
because the typical intestinal symptoms such as Tflatulence,
bloating, and laxation, are the result of the same (unspecific)
sequelae of excessive fiber intake. The largest number of studies
iIs probably available for FOS and inulin. The safety data of
fructans including data on their iIntestinal tolerance in children
and adults, has been reviewed (Carabin & Flamm, 1999). It has

been concluded that abdominal complaints would occur in adults

after a single dose of > 20 g. School-age children tolerated sup-
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plementation of the diet with FOS at a level of 3-9 g (single

dose).

Accordingly, the FDA issued a ''no further questions™ letter in
response to a GRAS notice of fructooligosaccharides with an esti-
mated exposure of 5.2 g/d for 1-13 year old children, and 6.6 g/d
for consumer of age 14 and older. The 90" percentile intakes
were estimated for these two age groups at 9.9 and 13.9 g/d, re-
spectively (GRAS Notice No. 44).

Other novel Tibers (polysaccharides) that are considered GRAS,
for which even higher daily intakes were predicted, include pul-
lulan (9.4 and 18.8 g/d for the mean and 90 percentile con-
sumer) (GRAS Notice No. 99) and arabinogalactan (10.5 and 21 g/d)
(GRAS Notice No. 84).
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9 SUMMARY AND CONCLUSIONS ON SAFETY OF o-CD

9.1 Production, intended uses and safety studies of a-CD

a-CD is a cyclic polymer consisting of six glucose units joined
"head-to-tail” by a-1,4-glycosidic bonds. It 1is produced by the
action of an amylolytic enzyme, cyclodextrin glycosyltransferase
(CGTase), on food-grade, liquefied starch. The CGTase is obtained
from a genetically modified strain of Escherichia coli K-12. E.
coli K-12 i1s considered to be a safe host organism (NIH 2002; 55
Fed. Reg. 10932, p. 32-34, March 23, 1990; EU Commission,
comM(9s5)final, 0J C356, 22.11.1997, p-19). The gene coding for
CGTase was obtained from a non-pathogenic and non-toxigenic
strain of Klebsiella oxytoca (ACGM, 2000). The vector was derived
from a mobilization-defective vector (pBr 322) which is widely
used and which 1s considered to be safe (EU Commission,
com(9s)final, 0J C356, 22.11.1997, p-.19). During the enzymatic
production process, the a-CD formed is removed from the reaction
mixture by precipitation with 1-decanol. The precipitate iIs re-
moved and purified by dissolution and re-precipitation. The iso-
lated o-CD is freed from l-decanol by steam-stripping and IS pu-

rified by crystallization.

In vitro studies with salivary and pancreatic amylase demonstrate
that o-CD is not digested. a-CD shares this indigestibility with

B-CD, and distinguishes it fundamentally from y-CD which is read-
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ily digested by pancreatic amylase. The indigestibility of o-CD
was confirmed in a metabolic study with !*C-a-CD in germfree
rats: 90.7% (range 85-101%) of ingested C-a-CD was excreted
with the feces. In conventional rats, o-CD is completely fer-
mented by the intestinal microbiota as shown by the presence of
at most traces, if any o-CD iIn the feces. The resulting short-
chain fatty acids are absorbed and metabolized. The ADME studies
in germfree and conventional rats demonstrate that the absorption
by passive diffusion of intact C-o0-CD is very low (< 1%). Sys-
temically administered 'C-oa-CD was excreted unchanged with the
urine and was not metabolized to any significant extent. In a hu-
man study with ingestion of 25g o-CD as a bolus dose, 0.01% of
the dose was excreted during a 3-hour period following admini-

stration.

Being non-digestible by the enzymes of the human alimentary
tract, o-CD complies with the most essential criterion of the
definition of dietary Tiber. o-CD also exhibits some of the
physiological benefits of dietary fiber as shown by fecal bulking
and cholesterol-lowering effects in rats and a blunting effect on
postprandial blood glucose levels iIn man. oa-CD 1is, therefore,
useful for the fiber supplementation of foods. Because of its low
viscosity, It may serve this purpose also in foods in which more
viscous plant gums and/or insoluble fibers would impair the taste

and texture of the product.
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Because of its particular structure which enables o-CD to form

inclusion complexes with, for example, certain flavors and fatty

acids, o-CD also fulfills certain food-technological functions.

Assuming that o-CD is incorporated at maximum levels of use in
all foods (except chewing gum) in which it may fulfill a useful
nutritional and/or technological function, the average o-CD iIn-
take i1s estimated to be approximately 11.4 g/person/day for the
consumers (“'users'") of such foods (90" percentile consumer: 19.8

g/person/day). Use of a-CD in chewing gum will contribute about

0.9 g/person/day. The consumption of oa-CD is spread evenly over
the main meals and in-between meal eating occasions over the day.
The i1ntake per eating occasion is estimated at 3.9 and 8.0 g for
the mean and 90" percentile consumer, respectively. These levels
are below those that are tolerated without intestinal symptoms
(10 g single dose) or with mild symptoms only (25 g single dose)
(Diamantis & Bar, 2002). Children of age 2-5 years exhibit the
highest estimated intake (relative to body weight) with values of
10.2 and 16.2 g/d and 0.61 and 0.98 g/kg bw/d for the mean and
90" percentile users. This exposure is at least ten times lower
than the NOAEL iIn rats and dogs (90-day studies). For an essen-
tially not-absorbed substance this appears to be a sufficient

margin of safety.

The toxicity of o-CD was examined iIn standard in-vitro and in-

Vivo toxicity tests. Ames tests and a micronucleus test demon-

strate that o-CD is not genotoxic. Ingestion of a single oa-CD
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dose of 10 g/kg bw was not associated with mortality in mice. In
acute toxicity tests with parenteral administration the LDsy of
a-CD varied between 500-1000 mg/kg bw (depending upon species and
route of administration) (Table 1). In two 13-week oral toxicity
tests, rats and dogs received o-CD with the diet at dietary lev-
els of up to 20%. A few mild, physiological effects (including
cecal enlargement, transient diarrhea or stool softening were
consequences of the indigestibility and microbial, intestinal
fermentation of o-CD ('fiber-like effects™). No reactions to the
treatment were observed on histopathological examination of tis-
sues and organs. It was concluded that o-CD ingested at dietary
levels of up to 20%, corresponding to about 13 g/kg bw/d (rats)
and 10 g/kg bw/d (dogs), was tolerated without any adverse ef-
fects. Four embryotoxicity/teratogenicity studies iIn mice, rats
and rabbits with oral administration of o-CD at dietary levels of
up to 20% also did not reveal any treatment-related, adverse ef-
fects (Table 3).

Special studies on skin irritation/sensitization and eye irrita-

tion did not reveal any particular adverse effects of oa-CD. In

comparative studies on the In vitro effects of different cyclo-
dextrins on cell membranes (e.g., erythrocytes) o-CD was signifi-
cantly better tolerated than pB-CD, but not as well as y-CD. At

concentrations of > 1mM, a-CD was able to extract phospholipids
from cell membranes but this was not associated with morphologi-

cal changes or death of the cells.
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The observation of a higher permeation through Caco-2 cell
monolayers of two peptides in the presence of o-CD lead to the

hypothesis that o-CD might temporarily open the tight junctions.
Subsequent experiments with other markers (mannitol, sulfanilic
acid) which do not form complexes with o-CD, did not support this
hypothesis. It also was recognized that the mucus layer which
covers the iIntestinal mucosa, provides additional protection
which 1s lacking in the Caco-2 cell model.

The 1mpurities which may be present in o-CD, also do not raise
toxicological concern. The enzyme preparation which is used for
the o-CD production, does not contain viable source microorganism
nor detectable amounts of protein or DNA derived from it. The en-
zyme is inactivated by heat during the purification of a-CD. The
safety of the crude enzyme preparation has been examined In Ames
tests, an iIn-vitro chromosome aberration test and a 13-week oral
toxicity test iIn rats. The highest dose tested in the rat study
did not produce any adverse effect [(NOAEL: 260 mg TOS/kg bw/d
(TOS = Total Organic Solids of enzyme preparation)].

1-Decanol which is used as complexant for the precipitation of a-
CD, has been used as a flavor for many years (7-28 pg/person/d).
Absorbed 1-decanol i1s oxidized to decanoic acid which is further
degraded to acetyl CoA by p-oxidation. 1-Decanol is not genotoxic
In gene mutation tests in B. subtilis (H17 and M45). Its acute
oral toxicity in rats i1s very low (LDsg 12.8 g/kg bw). In an em-
bryotoxicity/teratotoxicity study, rats received l-decanol at a
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dose of about 2 g/kg bw/d from day 1-15 of pregnancy. There were
no signs of maternal toxicity. The pre- and post-implantation
losses were increased with 1-decanol: (controls: 1.9 and 4.4%,
resp.; l-decanol: 15 and 18%, resp.). However, this effect was
even more pronounced with ethanol (30 and 39%, resp.). There was
no evidence of a teratogenic effect.

According to specifications of o-CD, the 1-decanol residues are

below 20 ppm. At an estimated o-CD intake of 11.4 g/person/day

(mean consumer), the 1-decanol intake would be less than 230

ug/person/day, or less than 4 ug/kg bw/d. It i1s considered that
at this low dose, absorbed 1-decanol would be metabolized quickly
and probably already i1n the 1intestinal mucosa, 1.e., before
reaching the circulating blood. The effect of 1-decanol on pre-
and post-implantation losses of pregnant rats, it administered at
a 5 x 10° times higher dose (which exceeds the metabolic capacity

of the intestinal mucosa), has therefore no practical relevance.

9.2 Target organs of CD toxicity - the example of B-CD

The naturally occurring cyclodextrins, i1.e., a-, p- and y-CD,
have a very similar chemical structure but have nonetheless quite

different physiological and toxicological properties. While y-CD
Is readily digested by pancreatic amylase and thus i1s metabolized

like starch, o-CD and B-CD are non-digestible and are metabolized
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like other fermentable dietary fTibers. Therefore, it was unex-
pected when some renal toxicity was found in animal studies with

B-CD and a low ADlI of 0-5 mg/kg bw/d was consequently allocated
by JECFA at its 44 meeting (WHO, 1996). In contrast, no adverse

effects were observed in toxicological studies with o-CD and y-
CD, neither in the kidneys nor any other organ. Accordingly, oa-CD

and y-CD received more recently an ADI "not specified” by JECFA
(WHO, 1999, 2002).

Considering the very different toxicological profile of o-, B-
and y-CD, it may be helpful at this stage to review the pertinent
toxicological features of B-CD in order to determine the position

of a-CD relative to i1ts 'sister”™ compounds with regard to its

physiological and toxicological properties.

Kidney

Toxicity of natural or chemically modified CDs, where there is
any, has been the consequence of interactions with membranes. In
the case of p-CD, for example, resorptive vacuolation was ob-
served in the renal proximal tubuli of dogs which had received
doses of 0.45 and 0.90 g/kg bw/d by s.c. injection for 10 and 7
days, respectively, and of rats which had received single or re-
peated doses of B-CD by s.c. injection (NOEL: 0.1g/kg bw, LOAEL:
0.225 g/kg bw) (Tabata et al., 1991; Hiasa et al., 1981). Tran-
siently increased levels of blood urea nitrogen (BUN) were ob-
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served iIn fasted rats 24 hours after i1.p. administration of 75-

600 mg B-CD (Perrin et al., 1978).

Resorptive vacuolation is an overdose phenomenon which may be ob-
served with many compounds that are known to be non-toxic. How-
ever, Increased urinary concentrations of protein in dogs fed di-
ets with 5 and 10% B-CD for 13 weeks, and increased urinary con-

centrations of protein, GGT and NAG in dogs fed a diet with 5% B-

CD for 52 weeks suggests that even small amounts of absorbed (-CD
might exert a certain destabilizing effect on the lysosomal mem-
branes of the epithelial cells of renal proximal tubulit (WHO,
1993, 1996).

Applying an absorption rate of 3%°°,the systemic exposure to B-CD
was 74 and 57 mg/kg bw/d for dogs of the 5% dose group of the 90-
day and 52-week study, respectively. The next lower dose (2.5 in
the 90-day study and 1.25% in the 52-week study) was a NOEL3!. In
a 6-month toxicity study of B-CD in rats, the administration of

f-CD by gavage at doses of up to 1.6 g/kg bw/d had no effect on
BUN levels or the microscopic appearance of the kidneys (Makita
et al., 1975). In a 52-week rat study with administration of p-CD
at dietary levels of up to 5%, an increased incidence of pigment
in the epithelium of the cortical tubuli was the only effect
noted in female but not male rats of the 2.5 and 5% dose groups
(HRC 1994, cited in WHO, 1996).

%0 Range in dogs: 1.3 - 6.2% in week 13, and 1.4 - 3.3% in week 52.

31 JECFA did not define a NOAEL; i.e., the Committee left it open whether the increased
urinary enzyme and protein excretion represented truly adverse effect.
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In its safety assessment of B-CD, JECFA based its conclusions on
the NOEL of the 52-week dog study (470 mg/kg bw/d) and allocated

an ADI of 0 - 5 mg/kg bw for B-CD (WHO, 1996)*.

Intestine

For CDs which, unlike y-CD, are not digested by pancreatic amy-
lase, the intestinal mucosa may be another target organ for iIn-
teraction. The oral administration of p-CD with the diet produced
indeed flattening and desquamation of the epithelium in the
cecum, colon, and rectum of some mice of the highest dose group
(Gur et al., 1991). With regard to these effects, the NOEL was
set at 25 mg/kg bw/d and the LOAEL at 75 mg/kg bw/d by JECFA.
However, intestinal changes were not seen in rats and dogs fed
diets with up to 5% for 52 weeks, or up to 10% for 90 days (Oliv-
ier et al., 1991; WHO, 1996). A significant increase iIn sub-
mucosal lymphoid follicles in the ceca iIn males and females of
the high dose group was considered to be a consequence of the
treatment-induced cecal enlargement (Blumenthal et al. 1990,
cited in WHO, 1993).
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Liver

The liver could be another target for systemic CD-mediated mem-
brane effects. In a 90-day rat study with oral administration of
B-CD at dietary levels of up to 10%, dose-dependent increases of
serum levels of GOT, GPT and AP were observed in male and female
animals. Hepatocellular necrosis was seen in 4 out of 40 rats of
the top-dose group (Toyoda et al., 1995). In a 52-week rat study
with administration of B-CD at dietary levels of up to 5%, sig-
nificantly increased incidences of single cell necrosis and por-
tal inflammatory cell infiltration were seen in males and females
of the 5% group and males of the 2.5% group (NOEL: 1.25% corre-
sponding to 650 mg/kg bw/d) (WHO, 1996). However, no adverse ef-
fects were noted in the livers of rats fed up to 675 mg/kg bw/d
for 2 years (WHO, 1996; Waner et al. 1995; Toyoda et al., 1997).

Proposed mechanism of toxicity

All the observed effects of B-CD in the kidneys, liver and intes-
tine may be ascribed to membrane effects which are mediated by
the formation of inclusion complexes of p-CD with cholesterol.
Cholesterol i1s considered to act as the main rigidifier in lipid
bilayers. It is conceivable that after ingestion of high doses of
B-CD, concentrations are reached locally (e.g., in the luminal
contents of the GIl-tract, periportal hepatocytes and secondary
lysosomes of the renal proximal tubuli) which are sufficient for
extracting cholesterol from cellular membranes (Irie et al.,

1982; Ohtani et al., 1989). Experiments with human erythrocytes
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have shown that incubation in the presence of o-CD (6 mM), B-CD

(2 mM) and y-CD (15 mM) released 0, 19.9 and 2.0% cholesterol,
respectively (Irie et al., 1982).

In contrast to B-CD, a-CD and y-CD are unable to form complexes
with cholesterol. However, o-CD and, to a slightly lesser degree
y-CD, can form complexes with phospholipids (Debouzy et al.,
1998; Fauvelle et al., 1997; Ohtani et al., 1989; Nakanishi et
al., 1992). In this way, also a-CD and y-CD can induce hemolysis
In incubations with erythrocytes. However, the concentrations
which are needed for achieving this effect are considerably
higher for o-CD, and even more so for y-CD, than for B-CD (lIrie
et al., 1982; Leroy-Lechat et al., 1994).

9.3 Conclusions on safety of a-CD

In subchronic (13-week) toxicity studies with o-CD In rats and
dogs no histopathological changes were observed in the kidneys,
liver and intestines (or any other organs and tissue) at all dose
levels tested (up to 20% in the diet). There is no reason to ex-
pect that effects would be seen with longer exposure times be-
cause a-CD, as readily water-soluble substance, does not accumu-
late In the organism and because the epithelial cells that could
be affected (intestinal mucosa, proximal tubular epithelium) have
a rapid turn-over time. Morphological changes would arise only if
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2 In

the noxious action overwhelmed the regenerative capacity.?
other words, there is a threshold dose below which no effects are

to be expected regardless of the exposure time.

In conclusion, there is a substantial body of evidence to support
the safety of o-CD as a food ingredient. The data demonstrate

that o-CD is not digested by the mammalian digestive enzymes.
However, it is completely fermented by the intestinal microbiota,
like resistant starch or other fermentable dietary fibers. Only
minute amounts of a-CD are absorbed unchanged (< 1%). Absorbed a-
CD cannot be metabolized and 1is, therefore, excreted unchanged
with the urine. Data from two 13-week toxicity studies with rats
and dogs provide no evidence for adverse reactions iIn the GI-
tract, the kidneys, the liver or any other organs or tissues at

a-CD intakes of up to 13 g/kg bw/d in rats and 10 g/kg bw/d in

dogs. It appears on this basis that o-CD is safe for its intended
uses In food which result In an aggregated estimated intake of
11.4 g/person/day. The EDI calculations also revealed that the
intake of o-CD per eating occasion will be about 3.9 g. This
amount is well below the doses which were tolerated by adult vol-
unteers without side-effects (10 g) or minimal iIntestinal symp-
toms only (25 Q).

%2 For the kidney, this is exemplified by the case of erythritol which at high doses

leads to elevated urinary excretion of enzymes but does not produce morphological
changes of the kidneys of rats even after 2 years of treatment (Til et al., 1996;
Summary and Conclusions of 53" meeting of JECFA).
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Figure 1: Structural fornula of a-cyclodextrin
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Figure 2 Models of the torus-like a-, - and y-cyclo-
dextrin molecules
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Figure 3 Manuf act uri ng process for a-CD
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Figure 4 Safety assessnent of a-CGlase using the decision-tree

procedure (Pariza & Johnson,
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Table 1 Resul ts of

acute toxicity studies with a-CD

Speci es Sex Rout e LD, mg/ kg bw Ref erence

M ce M F p. O. > 10000% | mrel , 1991

M ce M F i.V. 750- 1000 Ri ebeek, 1990a

Rat s ? S.cC. > 1000% Frank et al., 1976
Rat s M F i.V. 1000 Frank et al., 1976
Rat s M F i.V. 500- 750 Ri ebeek, 1990b

Rat s M F i.p. 750- 1000 Pri nsen, 1991a

2 hi ghest dose tested
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Table 2

Resul ts

of genotoxicity studies wth a-CD

Test Test system Concentration Resul t Ref er ence
Anes test? S. typhi nurium 0, 0.25, Negati ve Blijleven, 1991
TA 1535 0.74, 2.22,
TA 1537 6.67, 20.0
TA 1538 ng/ pl ate
TA 98
TA 100
Mouse m cro- Mouse bone 10g/ kg bw Negati ve I mel, 1991
nucl eus test mar r ow

1

) with and without metabolic activation (rat liver S9 fraction)
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Table 3

Resul ts of standard,

or al

toxicity studies with a-CD

Type of study Speci es (n) Dose | evel Resul ts NOAEL Ref er ences
(% of diet)
Subchronic (4-wk) Wstar rats 0, 1, 5, 10, Persi stent di arrhoea associ - 5% Li na & Bruynti es,
toxicity test (5/ sex/ group) 15, a-Ch ated with reduced body wei ght (4 g/ kg bw d) 1987; Lina &
5% b- CD gai ns and i ncreased water Bar, 2003
consunpti on
Subchronic (13-wk) Wstar rats 0, 1.5, 5, Slight cecal enlargenent at 20% Li na, 1992; Lina
toxicity study (20/ sex/ group) 20% a- Ch, 20% a- CD; increased urinary (m 12.6 g/ kg bw d; & Bar, 2003

Subchroni ¢ (90-d)
toxicity study

Beagl e dogs
(4/ sex/ group)

20% | act ose

0, 5, 10, 20%
a-Cb

Ca excretion and decreased
pH at 20% a-CD; increased
fecal dry weight and nitro-
gen excretion and decreased
fecal pH at 20% a-CD

Slight cecal enlargenent in
the 10 and 20% dose groups;
transient diarrhoea in a few
dogs; decreased urinary pHin
femal es of the 20% a- CD gr oup

f:

20%
(m
f:

13.9 g/ kg bw d)

8 g/ kg bw d;
4

9.
10. 4 g/ kg bw d)

Til & van Nes-
selrooij, 1993;
Til et al., 2003
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Table 3

conti nued

Type of study Speci es (n) Dose | evel Resul ts NOAEL Ref er ences
(% of diet)

Enbryotoxicity / Sprague-Dawley 0, 5, 10, 20% No di fferences between treated 20% NTP, 1994a
teratogenicity rats (day 6-16) groups and controls except for (approx. 20 g/kg
st udy an increased food consunption bw d)

in the 10 and 20% a- CD gr oup

and sporadic increases of

wat er consunption in all

treated groups
Enbryotoxicity / Swiss (CD-1) 0, 5 10, 20% No di fferences between treated 20% NTP, 1994b
teratogenicity mce (day 6-16) groups and controls except for (approx. 49 g/ kg
st udy an increase food consunption bw' d)

in the 20% a- CD group.

Wat er intake was unaffected by

t he treatment
Enbryotoxicity / Wstar rats 0, 1.5, 5, 10, No di fference between 20% Ver hagen & Waal -
teratogenicity (25f/ group) 20% a- CD; treated groups and con- (11 g/ kg bw d) kens- Ber endsen,
st udy 20% | act ose trols 1991; Waal kens-

(day 0-21) Berendsen et al .,
2003b

Enbryotoxicity / New Zeal and 0, 5 10, 20% Transient mld diarrhoea 20% Wal kens- Ber end-
teratogenicity White rabbits a- Ch; in the 10 and 20% a- CD (5.9-7.5 g/ kg bw d) sen & Smits van

st udy (16f/ group) 20% | act ose gr oups Prooije, 1992;
(day 0-29) Waal kens- Ber end-
sen et al., 2003a

Abbreviations: m male; f, fenmale; bw, body weight; NOAEL, No Cbserved Adverse Effect Level

ACD _Tabl e 3_140303. x| s



Tabl e 4 | nt ended uses of a-CDY

Food cat egory maxi mum use | evel

1. Bakery products

Breads and rolls 5%
Br owni es 7%
Cakes (light weight) 5%
Crackers (sweet and non-sweet) 10%
Bars (grain based) 7%
Qui ck breads 5%
Dough (refrigerated) 5%
Baki ng m xes 5% (dry)

2. Bever ages

Beverage m xes 1% (prepared)
Di et soft drinks 1% (prepared)
Fruit juices 1%

Veget abl e j ui ces 2%

I nstant coffe/tea 1% (dry)
Cof f ee whi t ener 1% (dry)
Formul a diets 1% (prepared)
Soy and non-soy (imtation) mlk 2% (prepared)

3. Cereals and other grain products

RTE breakfast cereals 2-99%°
I nstant rice 2% (prepared)
Pasta and noodl es 2% (prepared)

4. Condi nents

Condi nent s 3%

5. Dairy products

Yoghurt 2.5%
Puddi ng m xes 1% (dry)
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M| k beverage m xes 2. 5% pr epar ed)
Frozen dairy desserts 2.5%

6. Fats and oils

Reduced fat spreads 20%

Dr essi ngs and nmayonnai se 5%

7. Snacks

Sal ty snacks 1%

8. Soups

Canned soups 2% (prepared)
Dry soups 2% (prepared)

9. Sugars and sweets

Hard candy 15%
Chewi ng gum 109%

1) A nore detailed |ist of food categories in which a-CD nay be used, is
presented in Annex 5.

2) Not included in EDI calcul ations presented in Tables 5-6. [See Annex 5
(Table 13) for EDI of a-CD from chew ng guni.

3) Use level differs with serving size (<20 g/cup, 2% 20-43 g/cup, 9%
>43 g/ cup, 59%.
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Table 5 Estimated 2-day average intake of a-CD fromits proposed uses

Popul ation group 2-day average intake per user
g/d g/ kg bw d
Mean 90t h perc. Mean 90t h perc.

Children 2 to 5 years old 10. 2 16. 2 0.61 0.98
Children 6 to 12 years old 11.8 18.7 0. 38 0. 65
Teenagers 13 to 19 years old 12.4 21. 4 0. 20 0. 36
Adul ts 20 years and ol der 11.3 20.2 0.16 0. 28
Popul ation 2 years and ol der 11. 4 19.8 0.21 0. 43

Note: Details are provided in Annex 5.
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Table 6 Estimated intake of a-cyclodextrin per eating occasion

I nt ake per user

g/ occasi on g/ kgbw/ occasi on
Popul ati on group 90t h 90t h
eating occasion Mean percentile Mean percentile

Children 2 to 5 years old

Br eakf ast 3.4 6.2 0. 20 0. 38
Lunch/ brunch 3.2 6.2 0.19 0. 37
D nner 2.8 5.7 0.17 0. 35
Supper 3.0 6.1 0.17 0. 36
Snack 2.2 4.5 0.13 0. 27
Uni que eating occasion 2.9 5.6 0.17 0. 34
Children 6 to 12 years old
Br eakf ast 4.3 7.7 0.14 0. 25
Lunch/ brunch 3.8 7.1 0.12 0.24
D nner 3.9 7.9 0.12 0. 25
Supper 4.0 7.7 0.13 0. 26
Snack 2.7 5.9 0.09 0.18
Uni que eating occasion 3.6 7.2 0.12 0.24
Teenagers 13 to 19 years old
Br eakf ast 5.2 9.7 0. 09 0.17
Lunch/ brunch 4.7 8.8 0.08 0.16
Di nner 51 10. 4 0.08 0.17
Supper 4.6 9.2 0. 07 0.13
Snack 3.4 7.5 0. 06 0.12
Uni que eating occasion 4.5 9.2 0. 07 0. 15
Adults 20 years and ol der
Br eakf ast 4.0 7.8 0. 06 0.11
Lunch/ brunch 4.6 9.1 0. 06 0.13
Di nner 4.7 9.9 0. 07 0.14
Supper 4.6 9.6 0. 06 0.13
Snhack 2.7 5.7 0.04 0. 08
Uni que eating occasion 4.0 8.3 0. 06 0.11
Popul ati on 2 years and ol der
Br eakf ast 4.1 7.9 0. 08 0.17
Lunch/ brunch 4.4 8.7 0. 08 0.17
Di nner 4.5 9.6 0. 08 0.17
Supper 4.4 9.2 0. 08 0.16
Snack 2.8 5.9 0. 06 0.13
Uni que eating occasion 3.9 8.0 0. 07 0.16

Note: Details are provided in Annex 5.
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SYNONYMS

DEFINITION

Chemical names
C.A.S. number
Chemical formula

Structural formula

'Formula weight
Assay
DESCRIPTION

FUNCTIONAL USES

CHARACTERISTICS
IDENTIFICATION
Melting range (FNP 5)

Solubility (FNP 5)

alpha-CYCLODEXTRIN

New specifications prepared at the 57th JECFA (2001) and published in FNP
52 Add 9 (2001). An ADI “not specified” was established at the 57th JECFA
(2001).

a—Schardinger dextrin, o-dextrin, cyclohexaamylose, cyclomaltohexaose, o-
cycloamylase ' '

A non-reducing cyclic saccharide consisting of six a-1,4-linked D-glucopyranosyl
units produced by the action of cyclodextrin glucosyltransferase (CGTase, EC
2.4.1.19) on hydrolyzed starch. Recovery and purification of o-cyclodextrin may
be carried out using one of the following procedures: precipitation of a complex
of o-cyclodextrin with 1-decanol, dissolution in water at elevated temperature and
reprecipitation, steam-stripping of the complexant, and crystallization of o-.
cyclodextrin from the solution; or chromatography with ion-exchange or gel

filtration followed by crystallization of o-cyclodextrin from the purified mother

liquor; or membrane separation methods such as ultra-filtration and revers
0SMOsis. o

Cyclohexaamylose

' 10016-20-3

(CeH1005)6

97285

Not less than 98% (dry basis) -
Virtually odourless, white or almost white crystailine solid

Carrier; encapsulating agent for food additives, ﬂavdrings, and vitamins;
stabilizer; absorbent

Decomposes above 278 °

Freely soluble in water; very slightly soluble in ethanol

alpha-CYCLODEXTRIN page I (4)

ACD_MANUL_ANNEX 1_140303. doc



Specific rotation (FNP 5)

Chromatography

PURITY
Water (FNP 5)

Residual complexant
(1-decanol)

Reducing substances

Sulfated ash (FNP 5)

Lead (FNP 5)

TESTS
- PURITY TESTS

Residual complexant
(1-decanol)

-30-

[0]25D: Between +145 ® and +151° (1% solution)

The retention time for the major peak in a liquid chromatogram of the sample
corresponds to that for a-cyclodextrin in a chromatogram of reference o~
cyclodextrin (available from Consortium fiir Elektrochemische Industrie GmbH,
Miinchen, Germany or Wacker Biochem Group, Adrian, MI, USA) using the
conditions described in the METHOD OF ASSAY.

Not more than 11% (Karl Fischer Method)

Not more than 20 mg/kg
See description under TESTS

“Not more than 0.5% (as dextrose)

See description under TESTS

Not more than 0.1%

Not more than 1 mg/kg

Determine using an atomic absorption techmque appropriate to the specified level.
The selection of sample size and method of sample preparation may be based on
the principles of the method described in FNP 5, “Instrumental Methods.”

Principle: After enzymatic digestion of the sample followed by solid-phase
extraction, 1-decanol is determined by gas chromatography.

Buffer solution: Dissolve 606 mg Tris-buffer (Sigma-Aldrich, St. Louis,
MO,USA) and 430 mg calcium sulfate (dihydrate) in 500 ml of water. Adjust
pH with concentrated phosphoric acid to pH 6.5.

Internal standard (IS) solution: Add 50 mg I-octanol (chromatography grade)
to 250 ml tetrahydrofuran (THF)

Reference solution (25 mg/kg l-decanoll: Dissolve 75.0 mg 1-decanol
(chromatography grade) in 100 ml IS solution. Transfer 200 :1 of this stock
solution into a 20-ml volumetric flask and fill with IS solution to the mark.

Sample solution: Dissolve 750 mg of sample and 50 mg of glucoamylase,‘EC
3.2.13, (e.g.,Gluczyme 8000, available from Wacker Chemie, Munich,
Germany) in 7 ml of a 10 mM Tris-buffer (pH 6.5). Add 100 :1IS solution and

~. 50 :1 cyclodextrin glucosyltransferase preparation (500 U/ml) (Wacker Chemie,

Munich, Germany). Close tlghtly, mix and incubate in a shaking water bath at
40° for 4 hours. ‘

Condition an extraction column (Isolute C18 (10 ml) - ICT, Bad Homburg,
Germany - or similar) by washing with methanol (2x10 ml) and water (4x10
mi). Pass the incubated solution slowly through the column and wash with
water (2x10 ml). Gently pass nitrogen gas through the column to dry it (10
min). Apply 2.5 ml of THF to the column and let stand for 5 minutes. Then,
elute the sample solution slowly.

Gas chromatography:

_ Column - Hewlett Packard HP-1 (25 m x 0.32 mm), 0.5:m FD

Carrier gas - helium (flow rate: 1 ml/min)
Detector - flame ionization

ACD_MANUL_ANNEX 1_140303. doc



Reducing substances

Temperatures - injection port: 265°; column: initial 60° (1 min isotherm);
heating rate 20%/min; final 300° (7 min isotherm)

Injection volume: 1 pl™

Measure the areas of the 1-decanol and 1- octanol peaks in the reference solution
and sample solution.

Calculation: The concentration of 1-decanol (mg/kg) in the sample is:

dec = (Cdec)R X (Adec/ Aoct)S / (Adec/ Aac!)R

where (Cyeo)r is the concenfration of 1-decanol (mg/kg) of the reference
solution; and (Agec/Aoct)s and (Age/Aoce)r are the peak area ratios for 1-decanol
to 1-octanol in the sample solution and reference solution, respectively.

Note: Reducing substances are determined as dextrose. Dextrose levels are
usually lower when determined by the following procedure in the presence of o-
cyclodextrin compared to levels determined in its absence. Therefore, -
cyclodextrin reference standard is included in the procedure for the construction
of the calibration curve:

Reagent solution: Weigh 10.0 g 3,5-dinitrosalicylic acid in a 1000-ml
volumetric flask. Add 80 ml water and dissolve the 3,5-dinitrosalicylic acid by
heating in a water bath. . Prepare a solution of 16.0 g sodium hydroxide in 200
ml water and a solution of 300 g sodium potassium tartrate in 500 ml water.
Transfer both solutions to the 1000-ml flask. Fill with water to the mark, shake
the flask and let it stand for 24 hours. Filter (paper) the reagent solution prior to
use if a precipitate appears.

Reference solution: Weigh accuratelyv 1.0 g dextrose (anhydrous) in a 100-ml
volumetric flask and fill with water to the mark.

Test solution: Weigh accurately 10.0 g of test sample into a 100-ml volumetric
flask, add 80-90 ml water and dissolve the test sample (ultra-sonification bath

-15 minutes, 30°) Fill with water to the mark.

Calibration solutions: Weigh 1.0 g of reference a-cyclodextrin (available from
Consortium fiir Elektrochemische Industrie GmbH, Miinchen, Germany or
Wacker Biochem Group, Adrian, MI, USA) into each of eleven 10-ml
volumetric flasks (numbered 0 to 10). Add 0, 0.1,0.2, ..., 1.0 ml of reference
solution‘to ﬂasks nos. 0, 1,. tb 10, respectively. Fill all flasks with water to the
mark. .

Calibration curve: Assemble a set of eleven 10-ml volumetric flasks. Transfer 1
ml of each of the eleven calibration solutions into the flasks and add 1 ml of
reagent solution to each flask. Heat each flask in the boiling water bath for 10
minutes. Cool rapidly to room temperature and fill with water to the mark. For
each solution, measure the absorbance against water at 545 nm. Plot the data as
absorbance vs dextrose concentration (mg/ml).

Analysis: Prepare a set of six 10-ml volumetric flasks (labeled a through f) and
add 1 ml of the reagent solution to each. Transfer 1 ml of the test solution to
flasks a, b, and c. Transfer 1 ml of the calibration solutions numbered 0, 3, and
6 to flasks d, e, and f. Thoroughly mix the contents of each flask and place in a
boiling water bath for 10 minutes. Then, cool the flasks to room temperature,
fill to the mark with water, and measure absorbance of the solutions against
water at 545 nm. :

Evaluation and calculation: The result is only valid if the absorbances of the
solutions in flasks d-f do not deviate more than 5% from the calibration curve.
Determine the reducing substance concentrations (mg/ml) of the solutions in

alpha-CYCLODEXTRIN page 3 (4)
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METHOD OF ASSAY

-32.-

flasks a-c and calculate their mean, Cgs,
Then,
Wrs= 10 Cgg

and-

% reducing substances = 100 x Wgs/0.01Wrg
where Wggis the mean weight (mg) of reducing substance (as dextrose),
determined from the absorbance readings, and Wrg is the weight (mg) of the test
sample used to prepare the test solution.

Determine by liquid chromatography (FNP 5) using the following conditions:

Sample solution: Weigh accurately about 100 mg of test sample into a 10-ml
volumetric flask-and add 8 ml of deionized water. Dissolve the sample
completely using an ultra-sonification bath (10-15 min) and dilute to the mark
with purified deionized water. Filter through a 0.45-micrometer filter.

Reference solution: Weigh accurately about 100 mg of reference o
cyclodextrin into a 10-ml volumetric flask and add 8 ml of deionized water.
Dissolve the sample completely using an ultra-sonification bath (10—1 5 min) and
dilute to the mark with purified deionized water.

Chromatography: Liquid chromatograph equipped with a refractive index
detector and an integrating recorder.
Column and packing: Nucleosil-100-NH2 (10 pm) (Machery & Nagel Co.,
Diiren, Germany) or similar
- length; 250 mm
- diameter: 4 mm
- temperature: 40°
Mobile phase: acetonitrile/water (67/33, v/v)
Flow rate: 2.0 ml/min
Injection volume: 10 ul'

Procedure: Inject the sample solution into the chromatograph, record the
chromatogram, and measure the area of the a-cyclodextrin peak. Repeat for the
reference solution. Calculate the percentage of a~cyclodextrin in the test
sample as follows: .

% o-cyclodextrin (dry basis) = 100 x (AyARXWr/Ws)
where: o ‘ o
Agand A are the areas of the peaks due to a-cyclodextrin for the sample
solution and reference solution, respectively.

Ws and Wy are the weights (mg) of the test sample and reference o-
cyclodextrin, respectively, after correcting for water content.

alpha-CYCLODEXTRIN page 4 (4)
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Table 1

Anal ytical data of five batches of a-CD

Par anet er ¥

Speci fi cations

Bat ch No.

Assay (9

Loss on drying (%
Reduci ng substances (%
Sul fated ash (%

Vol atile organics (ppm

Heavy netals (ppm
Lead (ppm

Optical density?
Specific rotation [a] %
M cr oorgani sms ( CFU g)

Salmonella, E. coli (CFUin 10 @)

60P159"”
> 98 98. 7
< 11 9.1
< 0.5 < 0.05*
<0.1 < 0.1*
< 20 < 10
<5 < b*
<1 < 1%
<0.1 0. 006
+148 +3 +150. 0
<1000 < 40
0 0

60P160” 60P162” 60P163” 60P300°
101.0 99. 6 100. 7 98. 4
8.7 8.9 8.7 5.9

< 0.05* < 0.05* < 0.05* < 0.05*

<0.1* <0.1* <0.1* 0.02
10. 8 15 14 10
< 5* < 5* < 5* < 5*
< 1* < 1* <1* <0 2%
0.001  0.006  0.04 0.07
+150.4 +150.5 +150.6  +149.0
< 40 < 40 < 40 < 10
0 0 0 0

* Limt of detection
a)

b)
c)
d)

Pil ot scale
Production scal e

® 1% aqueous sol ution

as defined in "Specifications" (see Annex 1)

10% aqueous solution at 420 nm (lcm cuvette)

" Anal yses of three further lots of a-CD (60P301, 60P302, 60P303) al so gave val ues below the linit of detection (0.2 ppm
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of the production process
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Table 1 Process controls for the manufacturing of al pha-cyclodextrin

Production step I n- Process con- Lower Timt Upper Timt
trol
Li quefied starch DE- val ue 5.5 7.5
Dry substance 31% 34%
Wi ght 48000 | bs 52000 I bs

Enzyme addition

Wei ght

4 KU kg starch

6 KU kg starch

Conpl exi ng agent
addi tion

Vol une

95 g/ kg starch

110 g/ kg starch

Enzymatic reaction | Tenperature 35° C 45° C
pH 6.0 7.0
Conpl ex separ ation | Tenper at ure 35° C 45° C
Bowl speed Dependent on Dependent on fl ow
fl ow
Scrol |l speed Dependent on Dependent on fl ow
fl ow
Conpl ex purifica- Tenperat ure 110° C 130° C
tion
Conpl ex separ ati on | Tenper at ure 45° C 75° C
Bowl speed Dependent on Dependent on fl ow
fl ow
Scrol |l speed Dependent on Dependent on flow
fl ow
Product stripping, Tenperature 100° C 130° C
evaporation Sol vent content 20 ppm
Crystallization Tenperature 15° C 40° C
Crystal filtration | Misture 26%
Dryi ng Mbi st ur e 11%
Tenperature 90° C
Packagi ng Wi ght Dependent on Dependent on size

si ze of con-
t ai ner

of contai ner
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Table 2 Process controls for the manufacturing of al pha-cyclodextrin-
gl ycosyl transferase

Production step I n- Process control Lower Timt Upper Timt
Ferment ati on Tenperat ure 25° C 30° C

pH val ue 6.9 7.1

Di ssol ved oxygen 8% 21%

The identity of the production strain is regularly
checked with indicator plates

Down- st r eam pr oc- Tenperature 10° C 20° C
essi ng pH val ue 6 7
Aer obi ¢ m crorogani sns 1000/ m

ACD_MANUL__ANNEX_3_111102. doc
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Annex 4

Protein and DNA content of a-CD
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Dr. Friedrich Lottspeich MP! fiir Biochemie D-82152 Martinsried,Germany Dr. Friedrich Lottspeich
Tel: +49 (0)89/8578-3964
Fax:+49 (0)89/8578-2802

lottspei@biochem.mpg.de
An Herrn httpy//www.biochem.mpg.de
Dr. Schmitt-Sody
Consortium fiir elektrochemische Industrie
GmbH
Zielstattstr. 20
D-81379 Miinchen 7702

Gel electrophoresis of Cavamax W6 Pharma

Method

Sample: Cavamax W6 Pharma, Batch Number 60P300
Stock solution: Cavamax W6 Pharma, Batch Number 60P300 was dissolved in water to

a concentration of 100mg/mL water
Analysis date 3.7.2002

20p! of the stock solution was analysed in a 12% SDS polyacrylamide gel and silver

stained

Results

No protein band could be detected. The detection limit of the method with the conditions
applied is about 10 ng protein

Conclusion

In Cavamax W6 Pharma, Batch Number 60P300 no protein could be detected by SDS
polyacrylamide gel electrophoresis. The detection limit of the method under the conditions
used is 5 mg protein in 1ﬂkg of Cavamax W6 Pharma.

Dr. Fri#ichd[oﬁslﬁei?f/ g

7.7.2002

Am Kiopferspitz 18a Tel: +48 (0)89/8578-0 mpib@biochem.mpg.de
D-82152 Martinsried bei Minchen Fax: +49 (0)89/8578-3777 http://www.biochem.mpg.de
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Dr. Friedrich Lottspeich MPI fiir Biochemie D-82152 Martinsried. Germany Dr. Friedrich Lottspeich
Tel: +49 (0)89/8578-3964
Fax:+49 (0)89/8578-2802
lottspei@biochem.mpg.de

An Herm http//www.biochem.mpg.de

Dr. Schmitt-Sody

Consortium fur elektrochemische Industrie

GmbH

Zielstattstr. 20

D-81379 Miinchen 7.7.02

Gel electrophoresis of Cavamax W6 Pharma

Method

Sample: Cavamax W6 Pharma, Batch Number 60P301
Stock solution: Cavamax W6 Pharma, Batch Number 60P301 was dissolved in water to

a concentration of 100mg/mL water
Analysis date 3.7.2002

20yul of the stock solution was analysed in a 12% SDS polyacrylamide gel and silver

stained

Results

No protein band could be detected. The detection {imit of the method with the conditions
applied is about 10 ng protein

Conclusion
In Cavamax W6 Pharma, Batch Number 60P301 no protein could be detected by SDS

polyacrylamide gel electrophoresis. The detection fimit of the method under the conditions

used is 5 mg protein in 1 kg of Cavamax W6 Pharma.

ya a A
Dr. Friedrih quétts eich
7.7.2002
ey
i)
Am Klopferspitz 182 Tel: +49 (0)89/8578-0 mpib@biochem.mpg.de \\’E\E_\//
D-82152 Martinsried bei Minchen Fax: +49 (0)89/8578-3777 http://www.biochem.mpg.de NAX-PLANCK-CESELLSCHART
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Gel electrophoresis of Cavamax W6 Pharma

Method

Sample: Cavamax W6 Pharma, Batch Number 60P302
Stock solution: Cavamax W6 Pharma, Batch Number 60P302 was dissolved in water to

a concentration of 100mg/mL water
Analysis date 3.7.2002

20pi of the stock solution was analysed in @ 12% SDS polyacrylamide gel and silver

stained

Results
No protein band could be detected. The detection limit of the method with the conditions
applied is about 10 ng protein

Conclusion

In Cavamax W6 Pharma, Batch Number 60P302 no protein could be detected by SDS
polyacrylamide gel electrophoresis. The detection limit of the method under the conditions
used is 5 mg protein in 1 kg of Cavamax W6 Pharma.

Dr. friedfich Uottspdich
g

P
g

Am Klopferspitz 18a Tel: +49 (0)89/8578-0 mpib@biochem.mpg.de iy
D-82152 Martinsried bei Miinchen Fax: +49 (0)89/8578-3777 http://www biochem.mpg.de
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MAX-PLANCK-INSTITUT 82152 MARTINSRIED BEI MUNCHEN

FUR BIOCHEMIE TELEFON (089) 85 78-1
DURCHWAHL 85 78- $96¢
Proteinanalytik TELEFAX (089) 85 78-28 02

Gel electrophoresis of Cavamax W6 Pharma

Method
Sample: Cavamax W6 Pharma, Batch Number 60P300
Stock solution: Cavamax W6 Pharma, Batch Number 60P300 was dissolved in water to a

concentration of 100mg/mL water

Analysis date 6.6.2001
20l of the stock solution was analysed in a 12% SDS polyacrylamide gel and silver stained

Results
No protein band could be detected. The detection limit of the method with the conditions applied is
about 10 ng protein

Conclusion

In Cavamax W6 Pharma, Batch Number 60P300 no protein could be detected by SDS polyacrylamide
gel electrophoresis. The detection limit of the method under the conditions used is 5 mg protein in 1 kg
of Cavamax W6 Pharma.

Ve -

Dr. Friedrich Lottspfcry /
7.6.2001
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MAX-PLANCK-INSTITUT 82152 MARTINSRIED BEI MUNCHEN

FUR BIOCHEMIE TELEFON (089) 85 78-1
DURCHWAHL 8578- 3264
Proteinanalytik TELEFAX (089) 85 78-28 02

Amino acid analysis of Cavamax W6 Pharma

Method
Sample: Cavamax W6 Pharma, Batch Number 60P300

6 stock solutions were individually prepared and dissolved in water to a concentration of 80 mg/mL
water

From each of the 6 stock solutions
a) 1 sample was prepared by taking 90u! of the stock solution and adding 10ul diaminopimelic
acid (1mg/mL) as internal standard and directly analysed
b) 1 sample was prepared by taking 90ul of the stock solution and adding 10ul diaminopimelic
acid (1mg/mL) as internal standard, hydrolysed with 6N HCI and analysed.
Analyses were performed on a Beckman 6300 amino acid analyser, using the conditions
recommended by the manufacturer. The detection limit with the conditions used is for amino acids
20 pmol.

Results and conclusion

In the samples analysed no free amino acids could be detected. Therefore, direct amino acid analysis
of Cavamax W6 Pharma, Batch Number 60P300 indicated that no free amino acids are present
(detection limit: 20pmol/amino acid in 4 mg).

The analysis after hydrolysis is extremely difficult, since the hydrolysis procedure results in a bulky
residue, which had to be extracted with small volumes of water and water/acetonitrile (50/50 v/v). Due
to this handling procedure inevitably small amounts of contaminating amino acids are introduced to the
sample. Almost exclusively the common contaminations like glycine serine, glutamic acid and aspartic
acid were found. Considering the nature and variable amount of these amino acids found it can be
concluded that the amino acids present are very probably simple contaminations introduced by the
hydrolysis procedure and sample handling during extraction.

The complete absence of normal protein amino acids and considering the limit of detection of the
method of 20 pmoli/amino acid, proves that the maximal contamination of Cavamax W6 Pharma,
Batch Number 60P300 with protein is below 10 mg protein per kg of Cavamax W6 Pharma, Batch
Number 60P300

Dr. Friedrich Lot xch
7.6.2001
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Amino acid analyses of Cavamax W6 Pharma, Batch Number 60P300
without hydrolysis~ . Raw.data are given ;
injected 100 i containing 7,2 mg Cavamax W6 Pharma Batch Number 60P300

sample Nr. 1 2 3 4 5

Asx
Thr
Ser
Glx
Pro
Gly
Ala
Cys
Val
Met
AP 1277,3 1255,6 837,8 " 1303,8 1213,6
lle

Leu
Tyr
Phe
His
Lys
Arg

*Missinjection

25,2

1272,7

Amino acid analyses of Cavamax wé. Pharma, E
with hydrolys:s : Raw data.are given -
injected 100 ul conf amlng 7 2 mg Cavamax W6 Pharma

sample Nr. 1 2 3 4 5

Asx 157,2

Thr 68,5

Ser 39,8 52,3 78,9 33,4

Glx 271,7 291,2 350,1 227 181,8
Pro
Gly 325,1 559,4 319,3 216 179,9
Ala 154,3 175,6 146,4 73,7 63,6
Cys
Val
Met
DAP 1009,6 1053,6 976,8 1083,8 1001,3
lle
Leu 87,6 11,82 119,3 82 39,8
Tyr
Phe
His 9.3 154 15
Lys
Arg

DAP= Diaminopimelic acid (internal standard)

ACD_MANUL__ANNEX_4_181102. doc

9.

60,3
2782

362
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Annex 5

Projection of the a-CD intake by the
dietary survey nethod




M ethodology

The food consumption data used in the analyses of a -cyclodextrin intake (see attached Tables 1
through 12) are results of the 1994-96 USDA Continuing Survey of Food Intakes by Individuals
(CSFII) and its Supplemental Children’s Survey (CSFII 1998), as provided on CD-ROM (USDA,
2000). The CSFII 1994-96 was conducted between January 1994 and January 1997 with non-
institutionalized individuals in the United States. In each of the three survey years, data were
collected from a nationally representative sample of individuals of all ages. The CSFII 1998 was a
survey of children ages 0 through 9 which was supplemental to the CSFII 1994-96. It used the same
sample design as the CSFII 1994-96 and was intended to be merged with CSFII 1994-96 to increase
the sample size for children. The merged surveys are designated as CSFII 1994-96, 1998. In the
CSFII 1994-96, 1998, dietary intakes were collected through in-person interviews using 24-hour
recalls on two nonconsecutive days approximately one week apart. A total of 21,662 individuals
provided data for the first day; of those individuals, 20,607 provided data for a second day.

The population groups and number of survey respondents in each group are presented below:

Population Group Number of Survey Respondents|
Children 2 to 5 years 5,437"
Children 6 to 12 years 2,089"
Teenagers 13 to 19 years 1,212"
Adults 20 years and older 9,22 1"
Population 2 years and older 17,959"

Breastfeeding children and pregnant and/or lactating females were not included in the analyses. "

The CSFII food codes were reviewed and all food codes representative of the proposed a-
cyclodextrin use categories were identified. If a food code included one of the proposed use
category foods as an ingredient, the CSFII Recipe Database Files and the CSFII “Food Code-to-
Commodity Translation File” was used to identify the relevant proportion. The Food Code-to-
Commodity Translation File translates each CSFII food code into Environmental Protection Agency
(EPA) commodity percentages. The file was developed in a joint effort by the United States
Department of Agriculture (USDA) and EPA to allow estimation of human exposures to pesticide
residues and environmental contaminants through intakes of foods and beverages (EPA, 2000).

For the estimation of a-CD intake from chewing gum, which is not covered by CSFII, data of a
Market Facts mail panel survey were used (for details see Table 13, foot-notes).

References:

Environmental Protection Agency. 2000. Food Commodity Intake Database (FCID) [CD-ROM],
data and documentation. National Technical Information Service, Accession No. PB2000-500101.

U.S. Department of Agriculture, Agricultural Research Service. 2000. 1994-96, 1998 Continuing
Survey of Food Intakes by Individuals [CD-ROM], data and documentation. National Technical
Information Service, Accession No. PB2000-500027.



Food Category Serving size

1. Bakery products

Breads and rolls 50g
yeast breads and rolls, also including hamburger and
hotdog buns, yeast sweet rolls and coffee cakes

Brownies 40 g

Cakes (light weight) 55¢g
angel food, sponge cake

Crackers (used as snacks) 30¢g
sweet and non-sweet crackers

Grain-based bars 40¢g
breakfast bars, granola bars, rice cereal bars

Coffee cakes, crumb cakes, 55¢g
muffins, biscuits, corn bread

Refrigerated dough -

Dry baking mixes -

2. Beverages

Dry mixes for beverages -
dry powder fruit-flavored beverage mixes

Carbonated and noncarbonated 240 ml
sugarfree (diet) soft drinks

Fruit juices and juice drinks 240 ml
fruit juice, juice drinks, nectars, and fruit-milk drinks

Vegetable juice 240 ml

Formula diets 240 ml

Table 1. Proposed Uses of a-Cyclodextrin

Maximum a-CD
concentration in final

food

5%

7%

5%

10%

7%

5%

5%

5%

1%"

1%

1%

2%

1%

ENVIRON



meal replacements and nutritional supplements
Soy and non-soy (imitation) milk
Instant coffee and tea

Coffee whiteners

powdered cream substitutes and coffee mixes containing

whiteners

3. Cereal and other grain products

Breakfast cereals, ready-to-eat
<20 g/cup
20-43 g/cup
>=43 g/cup and biscuit-types

Instant rice

Pastas, including macaroni products and noodles

4. Condiments

Condiments
catsup, mustard

5. Dairy products

Yogurt
yogurt, yogurt beverages

Dry mixes for pudding
Dry mixes for milk-based beverages

Frozen dairy desserts, reduced fat

light ice creams, frozen yogurt, and related novelties

240 ml

15¢g
30g
55¢g

140 g

140 g

1 tsp - 1 tbsp

225¢g

1/2 cup

2%
1%

1%

2%
9%
5%

2%%

2%

3%

2.5%

1%
2.5%

2.5%
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6. Fatsand oils

Margarine, yellow-fat bread 1 tbsp
spreads (reduced- or fat-free)

Salad dressings and mayonnaise 15-30 g
salad dressings, mayonnaise, sandwich spreads,
mayonnaise-type dressings

7. Snack Foods

Snacks 30¢g
chips, pretzels, popcorns, extruded snacks, grain-based
snack mixes

8. Soups

Canned soups 245 ¢

Dry mixes for soups -

dry bouillon, instant soups

9. Sugars and sweets

Hard candies, compressed candies, breath mints 25-15¢g

" Assuming 20 g powder mix is used to prepare 240 ml beverage, the a-CD con-
centration in the powder mix is 12%.

2 Corresponding to 6.2% in dry rice (45 g dry rice yields 1 serving)

% Corresponding to 5.1% in dry pasta (55 g dry pasta yields 1 serving)

20%

5%

1%

2%

2%

15%

ENVIRON



Table 2. Estimated 2-Day Average I ntake of a-Cyclodextrin
by Consumers of Proposed Uses

Users 2-Day Average | ntake per User
g per day g per kgBW per day
Population group and % of 90th 90th
Food cateogry Number |Population| Mean |Percentile| Mean | Percentile
Children 2to5yearsold
Bakery products 5200 96 3.1 5.6 0.18 0.34
Beverages 4798 88 32 6.1 0.20 0.38
Cereal/grain products 4791 88 2.7 52 0.16 0.32
Condiments 2453 45 0.3 0.7 0.02 0.04
Dairy products 1432 25 2.3 5.5 0.14 0.31
Fats and oils 2910 53 0.7 1.6 0.04 0.10
Snack foods 2852 53 0.2 0.5 0.01 0.03
Soups 1423 26 2.6 5.0 0.16 0.32
Sugars and sweets 487 9 1.5 32 0.09 0.17
All categories combined 5435 100 10.2 16.2 0.61 0.98
Children 6to 12 yearsold
Bakery products 2023 97 4.0 7.1 0.13 0.25
Beverages 1692 80 33 6.4 0.11 0.21
Cereal/grain products 1707 82 35 6.7 0.11 0.23
Condiments 1003 48 0.3 0.7 0.01 0.02
Dairy products 442 22 2.7 6.2 0.09 0.20
Fats and oils 1224 58 0.9 2.1 0.03 0.07
Snack foods 1206 57 0.3 0.6 0.01 0.02
Soups 451 22 32 6.8 0.10 0.22
Sugars and sweets 240 12 2.1 43 0.07 0.13
All categories combined 2089 100 11.8 18.7 0.38 0.65
Teenagers13to 19yearsold
Bakery products 1139 93 4.5 8.4 0.07 0.14
Beverages 896 74 42 8.9 0.07 0.14
Cereal/grain products 785 66 38 7.6 0.06 0.13
Condiments 595 49 0.5 1.0 0.01 0.02
Dairy products 164 13 3.1 6.2 0.05 0.09
Fats and oils 750 62 1.2 29 0.02 0.04
Snack foods 601 49 04 0.8 0.01 0.01
Soups 277 23 3.7 7.0 0.06 0.12
Sugars and sweets 88 6 2.7 5.0 0.05 0.11
All categories combined 1211 100 124 214 0.20 0.36
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Table 2. Estimated 2-Day Average I ntake of a-Cyclodextrin
by Consumers of Proposed Uses
Users 2-Day Average | ntake per User
g per day g per kgBW per day
Population group and % of 90th 90th
Food cateogry Number |Population| Mean |Percentile| Mean | Percentile
Adults 20 yearsand older
Bakery products 8777 95 44 8.0 0.06 0.11
Beverages 6800 74 34 7.8 0.05 0.11
Cereal/grain products 5370 59 3.0 5.9 0.04 0.08
Condiments 2998 35 0.3 0.7 <0.005 0.01
Dairy products 1675 18 3.0 6.2 0.04 0.09
Fats and oils 6625 72 1.4 3.1 0.02 0.04
Snack foods 3068 36 0.3 0.7 <0.005 0.01
Soups 2524 28 35 74 0.05 0.11
Sugars and sweets 239 3 1.6 38 0.02 0.05
All categories combined 9189 100 113 20.2 0.16 0.28
Population 2 yearsand older
Bakery products 17139 95 43 7.8 0.08 0.15
Beverages 14186 76 35 7.5 0.07 0.16
Cereal/grain products 12653 64 3.1 6.2 0.06 0.14
Condiments 7049 39 0.3 0.7 0.01 0.01
Dairy products 3713 18 29 6.1 0.06 0.12
Fats and oils 11509 68 1.3 29 0.02 0.05
Snack foods 7727 41 0.3 0.7 0.01 0.01
Soups 4675 27 35 7.3 0.06 0.14
Sugars and sweets 1054 5 1.9 4.1 0.05 0.11
All categories combined 17924 100 114 19.8 0.21 043
Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).
Notes: Estimates represent 2-Day average intakes per user generated using USDA sampling weights. Breastfeeding
children, pregnant and/or lactating females, and individuals who provided only one 24-hour dietary recall were excluded from
the analysis.
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Table 3. Estimated Intake of a-Cyclodextrin from Proposed Usesin
Bakery Products
per Eating Occasion

Intake per User

g per occasion

g per kgBW per occasion

Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to5yearsold
Breakfast 3243 1.7 3.0 0.10 0.19
Lunch/brunch 5963 2.0 29 0.12 0.19
Dinner 2562 1.5 2.7 0.09 0.17
Supper 1650 1.7 29 0.10 0.19
Snack 3779 2.1 4.0 0.12 0.23
Unique eating occasion 17364 1.9 3.0 0.11 0.20
Children 6to 12 yearsold
Breakfast 1216 23 45 0.07 0.14
Lunch/brunch 2474 2.5 43 0.08 0.14
Dinner 1021 23 43 0.07 0.13
Supper 728 23 43 0.07 0.14
Snack 1158 2.7 52 0.09 0.16
Unique eating occasion 6679 2.4 43 0.08 0.14
Teenagers13to 19 yearsold
Breakfast 628 3.0 54 0.05 0.09
Lunch/brunch 1138 31 52 0.05 0.09
Dinner 572 3.1 5.6 0.05 0.09
Supper 418 3.0 52 0.05 0.08
Snack 531 3.1 59 0.05 0.09
Unique eating occasion 3330 3.0 53 0.05 0.09
Adults 20 yearsand older
Breakfast 7175 2.6 44 0.04 0.06
Lunch/brunch 8823 29 5.0 0.04 0.07
Dinner 4610 2.8 52 0.04 0.07
Supper 3677 2.8 5.1 0.04 0.07
Snack 3306 2.8 5.1 0.04 0.07
Unique eating occasion 27896 2.8 4.8 0.04 0.07
Population 2 yearsand older
Breakfast 12262 2.6 44 0.04 0.08
Lunch/brunch 18398 2.8 4.8 0.05 0.10
Dinner 8765 2.7 5.0 0.05 0.09
Supper 6473 2.7 49 0.04 0.09
Snack 8774 2.8 52 0.06 0.11
Unique eating occasion 55269 2.7 4.7 0.05 0.09

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who
provided only one 24-hour dietary recall were excluded from the analysis.




Table4. Estimated Intake of a-Cyclodextrin from Proposed Usesin

Beverages
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 3476 2.0 2.5 0.12 0.19
Lunch/brunch 3142 2.1 3.1 0.13 0.20
Dinner 1895 2.1 3.1 0.13 0.21
Supper 970 2.2 3.7 0.13 0.22
Snack 4676 2.0 2.6 0.12 0.20
Unique eating occasion 14628 2.1 3.1 0.13 0.21
Children 6 to 12 yearsold
Breakfast 1146 2.3 3.7 0.07 0.12
Lunch/brunch 1022 2.5 3.8 0.08 0.14
Dinner 654 2.7 4.8 0.08 0.15
Supper 363 3.0 5.0 0.09 0.16
Snack 1118 2.5 4.7 0.08 0.14
Unique eating occasion 4395 2.6 4.8 0.08 0.14
Teenagers 13 to 19 yearsold
Breakfast 559 3.2 5.0 0.05 0.09
Lunch/brunch 442 3.2 5.0 0.05 0.09
Dinner 288 3.5 6.3 0.06 0.11
Supper 145 3.9 7.8 0.06 0.11
Snack 580 3.7 7.2 0.06 0.11
Unique eating occasion 2080 3.6 6.2 0.06 0.10
Adults 20 years and older
Breakfast 6092 1.8 3.7 0.03 0.05
Lunch/brunch 3307 2.9 5.0 0.04 0.08
Dinner 1996 2.8 53 0.04 0.08
Supper 1383 2.7 5.0 0.04 0.07
Snack 4756 2.5 4.8 0.03 0.07
Unique eating occasion 18272 2.5 5.0 0.03 0.07
Population 2 years and older
Breakfast 11273 2.0 3.7 0.04 0.09
Lunch/brunch 7913 2.8 5.0 0.05 0.12
Dinner 4833 2.8 5.0 0.05 0.12
Supper 2861 2.8 5.0 0.05 0.12
Snack 11130 2.6 5.0 0.05 0.11
Unique eating occasion 39375 2.6 5.0 0.05 0.11

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who

provided only one 24-hour dietary recall were excluded from the analysis.




Table5. Estimated Intake of a-Cyclodextrin from Proposed Usesin
Cereal and other Grain Products
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 5202 3.0 5.4 0.18 0.30
Lunch/brunch 1557 1.9 3.9 0.11 0.24
Dinner 1746 2.0 4.2 0.12 0.24
Supper 935 2.0 4.0 0.12 0.23
Snack 1027 2.1 3.9 0.13 0.23
Unique eating occasion 10537 2.5 4.6 0.15 0.27
Children 6 to 12 yearsold
Breakfast 1867 4.1 6.7 0.13 0.23
Lunch/brunch 349 2.4 5.0 0.08 0.17
Dinner 604 3.0 5.6 0.10 0.20
Supper 323 2.7 5.6 0.09 0.18
Snack 303 3.4 6.1 0.11 0.19
Unique eating occasion 3458 3.5 6.3 0.11 0.22
Teenagers 13 to 19 yearsold
Breakfast 614 5.2 8.1 0.09 0.14
Lunch/brunch 163 3.6 8.4 0.06 0.13
Dinner 269 3.9 7.7 0.06 0.13
Supper 157 3.4 6.3 0.05 0.10
Snack 117 4.4 8.6 0.08 0.14
Unique eating occasion 1325 4.4 7.9 0.07 0.13
Adults 20 years and older
Breakfast 3852 4.1 6.8 0.06 0.09
Lunch/brunch 1249 3.0 6.1 0.04 0.09
Dinner 1951 3.5 7.0 0.05 0.10
Supper 1215 3.3 6.4 0.04 0.09
Snack 498 3.8 7.5 0.05 0.10
Unique eating occasion 8798 3.7 6.8 0.05 0.09
Population 2 years and older
Breakfast 11535 4.1 6.8 0.09 0.18
Lunch/brunch 3318 2.9 5.8 0.06 0.12
Dinner 4570 3.3 6.5 0.06 0.13
Supper 2630 3.1 6.3 0.06 0.11
Snack 1945 3.6 6.7 0.08 0.16
Unique eating occasion 24118 3.6 6.5 0.07 0.15

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who
provided only one 24-hour dietary recall were excluded from the analysis.




Table6. Estimated Intake of a-Cyclodextrin from Proposed Usesin

Condiments
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 170 0.3 0.5 0.02 0.03
Lunch/brunch 1596 0.4 0.9 0.02 0.05
Dinner 886 0.4 0.9 0.03 0.06
Supper 544 0.5 0.9 0.03 0.06
Snack 185 0.3 0.7 0.02 0.05
Unique eating occasion 3397 0.4 0.9 0.02 0.05
Children 6 to 12 yearsold
Breakfast 46 0.4 0.9 0.01 0.02
Lunch/brunch 694 0.4 0.9 0.01 0.03
Dinner 358 0.6 1.4 0.02 0.04
Supper 234 0.5 1.2 0.02 0.03
Snack 92 0.3 0.5 0.01 0.02
Unique eating occasion 1436 0.5 0.9 0.01 0.03
Teenagers 13 to 19 yearsold
Breakfast 38 0.6 1.8 0.01 0.02
Lunch/brunch 413 0.7 1.8 0.01 0.03
Dinner 174 0.7 1.4 0.01 0.02
Supper 150 0.6 1.4 0.01 0.02
Snack 60 0.6 0.9 0.01 0.02
Unique eating occasion 846 0.7 1.8 0.01 0.02
Adults 20 years and older
Breakfast 171 0.5 0.9 0.01 0.01
Lunch/brunch 2052 0.4 0.9 0.01 0.01
Dinner 840 0.6 1.2 0.01 0.02
Supper 661 0.4 0.9 0.01 0.01
Snack 208 0.4 0.9 0.01 0.01
Unique eating occasion 3954 0.4 0.9 0.01 0.01
Population 2 years and older
Breakfast 425 0.5 0.9 0.01 0.02
Lunch/brunch 4755 0.4 0.9 0.01 0.02
Dinner 2258 0.6 1.4 0.01 0.03
Supper 1589 0.5 0.9 0.01 0.02
Snack 545 0.4 0.9 0.01 0.02
Unique eating occasion 9633 0.5 0.9 0.01 0.02

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who

provided only one 24-hour dietary recall were excluded from the analysis.




Table7. Estimated Intake of a-Cyclodextrin from Proposed Usesin

Dairy Products
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 419 4.0 7.8 0.24 0.46
Lunch/brunch 324 2.8 6.1 0.17 0.33
Dinner 202 2.7 6.1 0.17 0.33
Supper 82 2.5 5.7 0.15 0.32
Snack 1039 3.0 6.3 0.18 0.38
Unique eating occasion 2110 3.2 6.3 0.19 0.39
Children 6 to 12 yearsold
Breakfast 121 5.2 9.4 0.17 0.31
Lunch/brunch 113 3.0 6.1 0.10 0.24
Dinner 62 3.2 6.3 0.10 0.17
Supper 29 3.1 7.5 0.10 0.21
Snack 270 4.3 7.8 0.14 0.26
Unique eating occasion 600 4.1 7.8 0.13 0.26
Teenagers 13 to 19 yearsold
Breakfast 34 6.3 12.5 0.10 0.16
Lunch/brunch 40 5.2 8.1 0.09 0.15
Dinner 20 3.7 6.3 0.06 0.11
Supper 14 4.7 8.8 0.07 0.17
Snack 90 5.1 8.5 0.08 0.14
Unique eating occasion 199 5.2 8.8 0.08 0.15
Adults 20 years and older
Breakfast 380 5.1 9.2 0.08 0.12
Lunch/brunch 450 4.2 6.3 0.06 0.10
Dinner 309 3.2 6.6 0.05 0.10
Supper 216 3.7 8.0 0.05 0.10
Snack 946 4.5 7.8 0.06 0.11
Unique eating occasion 2342 4.4 7.8 0.06 0.11
Population 2 years and older
Breakfast 954 5.1 9.2 0.10 0.20
Lunch/brunch 927 4.0 6.3 0.08 0.16
Dinner 593 3.2 6.3 0.06 0.14
Supper 341 3.7 7.8 0.06 0.15
Snack 2345 4.3 7.8 0.09 0.17
Unique eating occasion 5251 4.3 7.7 0.08 0.17

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who

provided only one 24-hour dietary recall were excluded from the analysis.




Table8. Estimated Intake of a-Cyclodextrin from Proposed Usesin

Fats and Oils
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 902 1.1 2.9 0.07 0.14
Lunch/brunch 1734 0.7 1.5 0.04 0.09
Dinner 1133 0.9 2.0 0.05 0.12
Supper 656 1.0 2.1 0.06 0.12
Snack 285 0.7 1.7 0.04 0.10
Unique eating occasion 4737 0.9 1.9 0.05 0.12
Children 6 to 12 yearsold
Breakfast 318 1.5 2.9 0.05 0.11
Lunch/brunch 763 0.8 1.9 0.03 0.06
Dinner 506 1.3 2.9 0.04 0.08
Supper 288 1.3 2.9 0.04 0.10
Snack 124 0.9 1.9 0.03 0.07
Unique eating occasion 2013 1.1 2.8 0.04 0.08
Teenagers 13 to 19 yearsold
Breakfast 139 1.6 2.9 0.03 0.05
Lunch/brunch 491 1.3 3.1 0.02 0.05
Dinner 332 1.7 3.9 0.03 0.06
Supper 190 1.4 2.9 0.02 0.05
Snack 99 1.4 33 0.02 0.05
Unique eating occasion 1260 1.5 3.1 0.02 0.05
Adults 20 years and older
Breakfast 1766 1.7 2.9 0.02 0.05
Lunch/brunch 4851 1.2 2.8 0.02 0.04
Dinner 3356 1.8 3.5 0.02 0.05
Supper 2178 1.7 33 0.02 0.05
Snack 557 1.3 2.9 0.02 0.05
Unique eating occasion 12809 1.5 3.0 0.02 0.04
Population 2 years and older
Breakfast 3125 1.6 2.9 0.03 0.06
Lunch/brunch 7839 1.1 2.8 0.02 0.04
Dinner 5327 1.7 33 0.03 0.06
Supper 3312 1.6 3.1 0.03 0.05
Snack 1065 1.2 2.9 0.02 0.05
Unique eating occasion 20819 1.4 2.9 0.02 0.05

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who

provided only one 24-hour dietary recall were excluded from the analysis.




Table9. Estimated Intake of a-Cyclodextrin from Proposed Usesin

Snack Foods
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 21 0.3 0.4 0.02 0.03
Lunch/brunch 1306 0.2 0.4 0.01 0.03
Dinner 290 0.2 0.4 0.01 0.02
Supper 229 0.2 0.4 0.01 0.02
Snack 2449 0.3 0.6 0.02 0.03
Unique eating occasion 4338 0.3 0.5 0.02 0.03
Children 6 to 12 yearsold
Breakfast 16 0.3 0.4 0.01 0.01
Lunch/brunch 640 0.3 0.5 0.01 0.02
Dinner 129 0.4 0.6 0.01 0.02
Supper 113 0.3 0.6 0.01 0.02
Snack 966 0.4 0.8 0.01 0.02
Unique eating occasion 1883 0.4 0.7 0.01 0.02
Teenagers 13 to 19 yearsold
Breakfast 20 0.7 1.1 0.01 0.02
Lunch/brunch 285 0.4 0.9 0.01 0.02
Dinner 98 0.4 0.7 0.01 0.01
Supper 43 0.5 1.3 0.01 0.02
Snack 463 0.6 1.1 0.01 0.02
Unique eating occasion 918 0.5 1.1 0.01 0.02
Adults 20 years and older
Breakfast 49 0.4 0.7 0.01 0.01
Lunch/brunch 1279 0.4 0.9 0.01 0.01
Dinner 385 0.4 0.8 0.01 0.01
Supper 361 0.4 0.7 <0.005 0.01
Snack 2123 0.5 1.0 0.01 0.01
Unique eating occasion 4255 0.5 0.9 0.01 0.01
Population 2 years and older
Breakfast 106 0.5 1.1 0.01 0.02
Lunch/brunch 3510 0.4 0.8 0.01 0.02
Dinner 902 0.4 0.8 0.01 0.01
Supper 746 0.4 0.7 0.01 0.01
Snack 6001 0.5 1.0 0.01 0.02
Unique eating occasion 11394 0.4 0.9 0.01 0.02

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).
Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake

at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by

survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as

specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of

food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who

provided only one 24-hour dietary recall were excluded from the analysis.




Table 10. Estimated Intake of a-Cyclodextrin from Proposed Usesin
Soups
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 74 4.4 8.2 0.29 0.52
Lunch/brunch 821 4.5 9.3 0.28 0.50
Dinner 533 3.5 8.5 0.21 0.47
Supper 233 3.8 7.5 0.22 043
Snack 148 4.3 9.9 0.25 0.47
Unique eating occasion 1832 4.1 9.3 0.25 0.49
Children 6 to 12 yearsold
Breakfast 39 5.4 9.6 0.18 0.34
Lunch/brunch 160 6.5 11.9 0.21 0.41
Dinner 189 4.4 9.8 0.14 0.29
Supper 102 5.0 11.9 0.18 043
Snack 65 5.1 9.9 0.16 0.31
Unique eating occasion 561 5.2 9.9 0.17 0.35
Teenagers 13 to 19 yearsold
Breakfast 20 7.3 11.9 0.13 0.21
Lunch/brunch 83 7.0 14.0 0.12 0.25
Dinner 120 6.1 12.2 0.10 0.20
Supper 56 5.4 9.9 0.08 0.18
Snack 52 6.0 10.1 0.10 0.17
Unique eating occasion 331 6.3 12.1 0.10 0.20
Adults 20 years and older
Breakfast 90 6.7 12.2 0.10 0.19
Lunch/brunch 1287 6.0 10.1 0.09 0.17
Dinner 1008 5.3 10.1 0.08 0.17
Supper 590 5.2 11.2 0.07 0.16
Snack 173 4.3 9.8 0.06 0.14
Unique eating occasion 3174 5.5 10.3 0.08 0.17
Population 2 years and older
Breakfast 223 6.4 10.6 0.13 0.24
Lunch/brunch 2351 5.9 10.1 0.11 0.23
Dinner 1850 5.2 10.1 0.09 0.19
Supper 981 5.1 10.8 0.09 0.20
Snack 438 4.7 9.9 0.09 0.22
Unique eating occasion 5898 5.5 10.1 0.10 0.21

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who
provided only one 24-hour dietary recall were excluded from the analysis.




Table11. Estimated Intake of a-Cyclodextrin from Proposed Usesin

Sugars and Sweets
per Eating Occasion

Intake per User
g per occasion g per kgBW per occasion
Population group and Number of 90th 90th
Eating occasion occasions Mean Per centile Mean Per centile
Children 2to 5yearsold
Breakfast 2 0.7 1.0 0.04 0.04
Lunch/brunch 29 2.4 3.2 0.14 0.22
Dinner 14 1.9 3.6 0.12 0.24
Supper 8 2.7 4.3 0.19 0.27
Snack 495 2.6 5.0 0.16 0.31
Unique eating occasion 562 2.6 4.5 0.16 0.31
Children 6 to 12 yearsold
Breakfast 3 2.5 3.2 0.09 0.13
Lunch/brunch 32 3.7 8.5 0.13 0.28
Dinner 10 3.6 7.4 0.14 0.33
Supper 5 2.7 6.0 0.09 0.18
Snack 226 33 6.3 0.10 0.19
Unique eating occasion 285 33 7.5 0.11 0.23
Teenagers 13 to 19 yearsold
Breakfast 0 -—- - - -
Lunch/brunch 11 5.6 9.9 0.11 0.21
Dinner 2 2.3 3.9 0.04 0.07
Supper 2 2.4 4.0 0.05 0.08
Snack 83 4.7 7.8 0.08 0.15
Unique eating occasion 102 4.6 8.3 0.08 0.15
Adults 20 years and older
Breakfast 4 4.7 7.5 0.06 0.12
Lunch/brunch 16 2.0 5.0 0.02 0.04
Dinner 8 5.1 9.0 0.07 0.10
Supper 17 3.0 7.5 0.03 0.08
Snack 227 2.4 5.1 0.03 0.07
Unique eating occasion 293 2.7 5.4 0.04 0.09
Population 2 years and older
Breakfast 9 4.1 7.5 0.07 0.12
Lunch/brunch 88 3.2 8.5 0.08 0.22
Dinner 34 3.6 7.4 0.10 0.33
Supper 32 2.9 7.5 0.05 0.10
Snack 1031 3.0 6.3 0.08 0.16
Unique eating occasion 1242 3.1 7.2 0.08 0.17

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake
at "breakfast", "lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by
survey respondent) on each survey day. Estimates of intake per "snack" are based on each reported snacking occasion as
specified by time of day and survey day. Estimates of intake per "unique eating occasion" are based on each reported intake of
food as specified by time of day and survey day. Breastfeeding children, pregnant and/or lactating females, and individuals who

provided only one 24-hour dietary recall were excluded from the analysis.




Table 12. Estimated I ntake of a-Cyclodextrin from Proposed Usesin
All Food Categories Combined
per Eating Occasion

Population group Intake per User
and Number of g per occasion g per kgBW per occasion
Eating occasion occasions Mean | 90th Percentile Mean 90th Percentile
Children 2to 5
yearsold
Breakfast 9105 34 6.2 0.20 0.38
Lunch/brunch 8801 3.2 6.2 0.19 0.37
Dinner 5399 2.8 5.7 0.17 0.35
Supper 2960 3.0 6.1 0.17 0.36
Snack 11691 2.2 4.5 0.13 0.27
Unique eating
occasion 39009 2.9 5.6 0.17 0.34
Children 6to 12
yearsold
Breakfast 3305 4.3 7.7 0.14 0.25
Lunch/brunch 3240 3.8 7.1 0.12 0.24
Dinner 1990 3.9 7.9 0.12 0.25
Supper 1189 4.0 7.7 0.13 0.26
Snack 3580 2.7 5.9 0.09 0.18
Unique eating
occasion 13616 3.6 7.2 0.12 0.24
Teenagers13to
19 yearsold
Breakfast 1433 5.2 9.7 0.09 0.17
Lunch/brunch 1590 4.7 8.8 0.08 0.16
Dinner 1048 5.1 10.4 0.08 0.17
Supper 665 4.6 9.2 0.07 0.13
Snack 1718 3.4 7.5 0.06 0.12
Unique eating
occasion 6610 4.5 9.2 0.07 0.15
Adults 20 years
and older
Breakfast 12583 4.0 7.8 0.06 0.11
Lunch/brunch 12014 4.6 9.1 0.06 0.13
Dinner 8077 4.7 9.9 0.07 0.14
Supper 5753 4.6 9.6 0.06 0.13
Snack 11046 2.7 5.7 0.04 0.08
Unique eating
occasion 50931 4.0 8.3 0.06 0.11




Population 2
yearsand older

Breakfast 26426 4.1 7.9 0.08 0.17
Lunch/brunch 25645 4.4 8.7 0.08 0.17
Dinner 16514 4.5 9.6 0.08 0.17
Supper 10567 4.4 9.2 0.08 0.16
Snack 28035 2.8 5.9 0.06 0.13
Unique eating

occasion 110166 39 8.0 0.07 0.16

Data source: U.S. Department of Agriculture, 1994-96, 1998 Continuing Survey of Food Intakes by Individuals (CSFII).

Notes: Estimates represent intakes per user per eating occasion generated using USDA sampling weights. Estimates of intake at "breakfast",
"lunch/brunch", "dinner" and "supper" are based on all foods consumed at the respective meal (as identified by survey respondent) on each
survey day. Estimates of intake per "snack" are based on each reported snacking occasion as specified by time of day and survey day.
Estimates of intake per "unique eating occasion" are based on each reported intake of food as specified by time of day and survey day.
Breastfeeding children, pregnant and/or lactating females, and individuals who provided only one 24-hour dietary recall were excluded from
the analysis.




Table 13
Estimated Intake of a-CD by Consumers of Chewing Gum "

Users
Percent of | Mean Number| Mean a-CD
Number of Survey of Pieces per Intake per

Population Group Users Population User User ©

Children: 2 to 5 years 77 39.1 2.1 0.63

Children: 6 to 12 years 122 45.7 2.9 0.87

Teenagers: 13 to 19 years 110 47.2 3.8 1.14

Adults: 20 years and older 522 29.8 2.9 0.87

Total population: 2 years and older 831 33.9 3.0 0.90

" Results based upon responses provided by 1044 households to a Market Facts mail panel survey conducted in 1995. The survey was not a
robabilistic sample of individuals in the United States. Representation of regular and sugarless chewing gum use in U.S. households therefore is
ot assured. Intake estimates are based upon data from individuals who provided quantitative data in response to a question on use of sugarless
hewing gum on the previous day.

bProposed use of a-CD in regular and sugarless chewing gums is 10 g a-CD per 100 g gum.

Weight of chewing gum assumed to be 3 g per piece (21 CFR § 101.12).




From: Ricardo Carvajal

To: McMahon. Carrie

Cc: "Albert Bar"; Cora A. Seballos

Subject: GRN 678 - Responses to questions from Evaluation Team
Date: Wednesday, March 08, 2017 4:36:16 PM

Attachments: GRN 678 Response to Evaluation Team 3-7-2017 (00305308).pdf

Dear Carrie:

Attached is the response to the questions from the Evaluation Team. Given the number of tables
and annexes, we though it would be best to make the submission as a single PDF. We did not
include Annex 4, which is the GRAS dossier for GRN 155, because | sent that to you this past
Monday. Please let me know if you would like me to follow up with hard copies via FedEx, and if so,
how many.

Thanks and best regards,

Ricardo

Ricardo Carvajal, J.D., M.S.
Hyman, Phelps & McNamara, P.C.
700 13th Street, N.W.

Suite 1200

Washington, D.C. 20005

tel: (202) 737-4586

fax: (202) 737-9329
rcarvajal@hpm.com

Admitted in the District of Columbia

www.hpm.com
Visit the HPM blog at: www.fdalawblog.net
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1. | NTRODUCTI ON

On Novenber 1, 2016, Wacker Chem cal Corporation ("Wacker" or
"the Notifier") submtted a GRAS Notice for al pha-
cyclodextrin. By letter dated Novenber 28, 2016, the Food and
Drug Administration (FDA) confirned the filing of GRAS Notice
No. GRN 000678.

The subject of that notice is al pha-cyclodextrin (hereinafter
"al pha-CD') for use as an ingredient in processed and ultra-
processed foods generally at levels of up to 3% (weight per
wei ght) and in specified types of beverages at |evels ranging

froml%to 2% (wei ght per vol une).

On February 13, the FDA's Evaluation Team asked several
guestions in relation to GRN 678. W here present the answers.
The sequence and titles of the different sections of this
docunent correspond to the Evaluation Teamis |[|ist of

guesti ons.
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2. QUESTI ONS RE PART 1 (SIGNED STATEMENTS AND CERTI FI CATI ON)

The definition of "processed foods", as presented in footnote
2 of GRN 678, recites the definition proposed by Mubarac et
al., 2014 (as referenced in GRN 678).

This very broad definition includes infant formulae, followon
m | ks and ot her baby products. Although GRN 678 relies on this
definition for estimating the daily intake of alpha-CD anpbng
adults and children 3 years of age and above, al pha-CD is not
intended for use in infant formula as that termis defined in
21 CFR 106.3, nor in any foods for infants and young children
1 through 2 years of age.
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3. QUESTIONS RE PART 2 (IDENTITY, METHOD OF NANUFACTURE
SPECI FI CATI ONS AND PHYSI CAL OR TECHNI CAL EFFECT)

GRN 678 pertains to alpha-CD that conplies wth the
description and purity criteria laid down in the Food
Chem cals Codex 10, First Supplenment (cf. Annex 1 for

reference).

In GRN 678, the criteria for identity (optical rotation) and
noi sture content of alpha-CD were not recited because these
two paranmeters were considered to not be directly relevant for
the safety assessnment of alpha-CD. The Notifier's alpha-CD
conmplies with these two FCC criteria as shown in Table 1 and
Tabl e 2.

A conplete conparison of the specifications applied by the
Notifier for its alpha-CD and those laid down in FCC 10 1S is

shown in Table 1.

The purity criteria for food-grade alpha-CD have been
described in Section 2(3) of GRN 678. They correspond to those
given in FCC 10 1S, except for lead for which a stricter limt
value is applied by the Notifier.

The analytical nmethods that are applied by the Notifier to
assure conpliance of its alpha-CD with the identity and purity
criteria laid down in FCC 10 1S are specified in Annex 2. USP
rat her than FCC nethods are applied for "reducing substances"”,
"residue on ignition", "specific rotation", l|lead and arsenic
for the reasons described in Annex 2.
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Anal yses of six non-consecutive batches of al pha-CD produced
at production scale are shown in Table 2. The data denobnstrate

that the Notifier's alpha-CD is fully conpliant with the FCC
10 1S specifications for this substance.
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4. QUESTI ONS RE PART 3 (DI ETARY EXPOSURE)

Table 1 shown on page 2 of GRN 678 presents the range of
i ntended food uses and the correspondi ng maxi mrum use | evel s of
al pha-CD as first considered in GRN 155 and now revised in GRN
678. For processed and ultra-processed foods other than
bever ages a general maxi mum use | evel of 3% is now proposed.

As Table 1 of GRN 678 shows, alpha-CD will thus be used in a
few types of processed or ultra-processed foods at a |ower
level (i.e. 3% than proposed before in GRN 155 [e.g. 5% - 10%
in bakery products (breads, crackers, rolls etc.)]. This
reduction of certain use levels may explain why the estimted
al pha-CD intake from foods anong 3-5 year-old children is only
12% hi gher despite the wi der conditions of use now proposed in
GRN 678.

For beverages, the use levels remain the sanme in GRN 678 as in
GRN 155, except for diet soft drinks for which the maxi num use
level is raised slightly from1l to 1.05 %

Since the range of al pha-CD uses proposed in GRN 678 is w der

than that specified in GRN 155, the dietary exposure estinates
for al pha-CD had to be revised.
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As explained in Part 3, Section 3 of GRN 678, a different
nmet hod than in GRN 155 was applied for estinmating the al pha-CD
intake from processed foods. For beverages, however, the
intake data from GRN 155 could be used because the range of
beverage applications renmained unchanged. Yet, an adjustnent
had to be nade for the intake of alpha-CD with soft drinks
because the maxinmum level of use is now increased from 1 to

1.05% for this type of beverage.

The 2-day average intake of alpha-CD from beverages anong
children was described in Annex 5 (Table 2) of the dossier
underlying GRN 155 and examined by the GRAS Panel at that
time. Since the intended maxinmm |evel of alpha-CD use in
beverages remmined |argely unchanged, these intake data could

continue to be used.

The intake of al pha-CD fromits conbined use in processed and
ultra-processed foods generally and in certain types of
beverages (as specified in Table 1 of GRN 678) is presented in
Part 3(5) of GRN 678 ("Intake of alpha-CD from its conbined
use in processed and ultra-processed foods and in certain

types of beverages").

In Tables 3.1 - 3.3 of this present docunent, the newy

estimated intakes of alpha-CD from processed and ultra-
processed foods and beverages (as specified in Table 1 of GRN
678) are shown for the different age groups of consuners.
Table 4 +then sunmarizes these new intake estimates and
conpares them with the intake estimates in Annex 5 (Table 2)
of the dossier that was examned by the Expert Panel in GRN
155 and that is now included with this response to the FDA as
Annex 4 and thereby nmade publicly avail able.
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This conparison indicates that the estinmated al pha-CD intake
of £ 5 year old children from all food and beverage sources
conbined is less than 50% higher with GRN 678 than it was with
GRN 155 (Table 4). The lower use level of alpha-CD in bakery
products (5 - 10% depending on type of food according to GRN
155 as opposed to 3% for any type bakery product according to
GRN 678) and in ready-to-eat breakfast cereals (2 - 9%
according to GRN 155 as opposed to 3% according to GRN 678)
may explain why the percentage increase of the estimated daily
al pha-CD intake is smaller in this age group than in the ol der

age groups.

For 6 or 7 to 12 year old children, the estimted al pha-CD
intake from all proposed uses conbined is about 60% hi gher for
GRN 678 than GRN 155% For teenagers, this increase is even
bi gger (about 90% . The fact that processed and ultra-
processed foods (all of which may contain up to 3% al pha-CD
under GRN 678) account for about 70% of the total daily food
intake may explain this difference (Baraldi et al., 2013;
Moubarac et al., 2013a).

The 2-day average intake of alpha-CD from beverages anong
children has been described in Annex 5 (Table 2) of the
dossi er that was exam ned by the GRAS Expert Panel for GRN 155
(Annex 4). This data is now recited in Table 3.3 (providing
the EDI for all age groups) of this present docunent.

' In the dietary survey on which GRN 155 was based, the population was
grouped in 5 segments, ie. 2-5y, 6-12y, 13-19y and 2 20y olds (Environ,
2000). In contrast, the energy expenditure data that form the basis of the
present alpha-D intakes are given for 3,5,7,9,12 and 18y old nale and
femal e subjects (Livingstone et al.,1992). Accordingly, the age groups are
defined differently in GRN 155 and GRN 678 (see also foot-notes of Table
3.2 for basis of calculations).
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In its list of questions, the FDA's Eval uation Team draws the
Notifier’s attention to seenmingly contradictory statements
regarding intake estimates for children. In addition to the
expl anati on given above, it should be noted that the present
cal culations are based on data of total energy expenditure
(except for beverage intake) rather than on dietary records
that are known to have a bias towards underestimting energy
intakes (Livingstone et al., 1992; Bandini et al., 1990).
Thus, the intake estimates for alpha-CD presented in GRN 155
and GRN 678 differ to some extent also because of the differ-

ent applied mnet hods.

In its questions to Part 3 (dietary exposure), the Evaluation
Team raises in its fourth bullet point the question about the
i ntended conditions of alpha-CD use in beverages. Table 1 on
page 2 of GRN 678 lists those use levels for both GRN 155 and
GRN 678. As nmay be seen, the range of beverage applications
and the use levels are identical, except for a small increase

of the maxi numuse level in soft drinks from1l to 1.05%

In Part 2, Section 4, lines 7-12 of GRN 678 and its foot-note
10 it is re-iterated that the use levels of alpha-CD in
beverages remain unchanged except for soft drinks (increase
from 1 to 1.05%9. Wth this increased maxi mum use level in
soft drinks, the intake of alpha-CD from beverages raises in
adults from 7.5 g/d in GRN 155 to 7.9 g/d in GRN 678 (see
Tabl e 3. 3).
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Wth respect to vegetable juice and soy mlk, 2% is the
correct maxi mum use level as confirnmed in section (4) of GRN
678 (in the text and in foot-note 10). The al pha-CD intake
from beverages in GRN 678 is based on Environ’s intake study
(Environ, 2000), in which a level of 2% al pha-CD was applied
for vegetable juice and soy m | k. However, Environ's figures
of the total intake of alpha-CD from all types of beverages
considered (and as determ ned by Environ) was increased by 5%
in this docunent (Table 3.3) to reflect the increased use
level of alpha-CD in soft drinks. This means that, for the
purpose of intake estimation, a wuse level of 2.1% for
vegetable juice and soy mlk was also applied in the present

estimati on of the al pha-CD i nt ake.
Shown in Table 3.1 is the estimated total intake by adult

consuners of alpha-CD fromall its intended uses, in foods and

beverages conbi ned at nmaxi mum | evel s of use.
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5. QUESTI ONS RE PART 4 (SELF-LIMTING LEVELS OF USE)

The statenent made in GRN 678 wunder this title applies to
both, the maximum levels of use specified in GRN 155 and GRN
678. In other words, there are no foodtechnol ogical reasons
that woul d preclude the use of alpha-CD at |evels above those
presented as maxi mum |l evels of use in GRN 678.

Wiile there are certain self-limting |levels of use for alpha-
CD because it nmay distort the flavor of a food, its texture or
ot her organoleptic or foodtechnol ogical property, exact limts
cannot be specified and indeed depend upon the specific

conmposi tion and characteristics of a food or beverage.

It follows that the maxinmum | evels of use defined in GRN 678
are those that will limt the use of alpha-CD in foods. This
is not unusual and there are other CGRAS food ingredients for
which the sane applies [take other non-digestible carbo-
hydrates such as isomaltodextrin (GRN 610) for an exanple].
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6. QUESTI ON RE PART 6 ( NARRATI VE)

The safety data on which GRN 155 was based were summarized for
the first time in a dossier authored by Al bert Bar PhD and
dated June 01, 2004. This conplete dossier that includes in
its Annex 5 the data of an intake estimate by the dietary
survey nethod (based on the then intended conditions of use)
is included in this subm ssion as Annex 4. Section 9.3 of that
dossier summarizes the rationale that led to the conclusion
that alpha-CD is safe under the then intended conditions of
use leading to an intake of about 3.9 g al pha-CD per eating
occasion and an aggregated estimated intake of 11.4

g/ per son/ day.

The main facts that led to this conclusion were that (a)
al pha-CD is not digested by the nmanmalian digestive enzynes,
but (b) alpha-CD is conpletely fernmented by the intestinal
m crobiota, |like resistant starch or other fernentable dietary
fibers, (c) only mnute anounts of alpha-CD are absorbed
unchanged (< 1%, (d) absorbed al pha-CD cannot be netabolized
and is, therefore, excreted unchanged with the urine, (e) data
from 13-week toxicity studies with rats and dogs provide no
evi dence for adverse reactions in the G-tract, the kidneys,
the liver or any other organs or tissues at alpha-CD intakes
of up to 13 g/kg bwd in rats and 10 g/kg bwd in dogs, and
(f) the intake of alpha-CD per eating occasion is well below
the doses that were tolerated by adult volunteers wthout
side-effects (10 g) or with mniml intestinal synptons only

(25 9).
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Since the subm ssion of GRN 0155 further studies with al pha-CD
in animals and man have been published. The results of these
studies are sunmarized in the following section, and
denonstrate that the rationale that led to the conclusion of
safety of alpha-CD in GRN 155 is still wvalid and fully
applicable also to the newy proposed conditions of use that
lead to a higher estimted daily intake of alpha-CD as
described in GRN 678.
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6.1 Studies in aninals

No further standard toxicity tests with alpha-CD were pub-
lished since subm ssion of GRN 155 and none were performed to
the Notifier’s knowl edge. The results of the toxicity studies

relied on in GRN 155 are summari zed in Tabl e 5.

However, the potential beneficial effects of al pha-CD were ex-
am ned in sonme animal studies. Although these studies are not
directly relevant for the determ nation of safety of alpha-CD
under its intended conditions of use and therefore were not
referred to in GRN 678 (such as Artiss et al., 2006 and \Wagner
et al., 2008), they now are sunmmari zed below to provide a nore
conprehensive review of the current know edge of the nutri-
tional properties of this water soluble, non-digestible carbo-

hydr at e.

6.1.1 Studies in rodents

In a study with two groups of female LDL-receptor knock-out
(LDL r-KO) mice (10 mce/group) a "Western" diet with or wth-
out 2.1% al pha-CD, this dose corresponding to 10% of the die-
tary fat content, was administered for 14 weeks. At sacrifice,
there was no difference in food intake and body wei ght between
treated mice and controls. However, plasnma chol esterol and
phosphol i pids were significantly lower in the treated animals.
The fatty acid profile was inproved (saturated and trans-fatty
aci ds decreased, unsaturated fatty acidy increased). No deaths
or adverse side-effects were reported. The al pha-CD intake was
0.945 g/ kg bw d (Wagner et al., 2008).
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The effect of al pha-CD on weight gain, certain plasna parane-
ters, liver lipid and fecal lipid was exam ned in four groups
of 11-week old male Wstar rats receiving sem-purified |ow
fat (4% of diet) or high-fat (40% of diet) diets wthout and
with al pha-CD (0.4% and 4% in |owand high-fat diet, respec-
tively). The fat (soybean oil) was added mainly at the expense
of starch, but there also were other mnor conpositional dif-
ferences between lowfat and high-fat diets. There were no
deaths reported and adverse effects due to the al pha-CD inges-
tion did not occur. The investigators concluded that al pha-CD
prevented body weight gain, reduced serum TG and leptin |evels
and increased insulin sensitivity and fecal fat excretion un-
der the conditions of this study (Artiss et al., 2006).

The effects of alpha-CD on nutrient digestibility, bile acid
excretion, cecal mcrobiota and expression were examned in
four groups of hansters receiving alpha-CD (0 or 2% and sup-
pl emental cholesterol (0 or 0.5% for 28 days. There were no
deaths or adverse effects reported. Al pha-CD reduced serum
chol esterol in nornochol esteremc but not hyperchol esteremc
hansters. Triglycerides remai ned unaffected (CGuevara, 2011).

In a study with apoE-knockout mce it was exam ned whether the
adm xture of alpha-CD to a Western high-fat diet would affect
t he devel opnent of aortic atherosclerotic lesions. In an ini-
tial pilot study, three groups of apoE-KO nmice (n = 10/group)
were fed a Western diet (WD) containing 21.2% fat (mlk fat)
and 34.1% sucrose (controls), the Wb wth 1.5% al pha-CD and
the WD with 1.5% beta-CD for 11 weeks. Aortic |lesion area was
decreased significantly in mce fed WD al pha CD, but not W
beta CD, conpared to controls (VD).
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In the subsequent main study that included an additional com
parison group receiving the WD with 1.5% inulin, and a group
fed a lowfat diet (LFD), this specific effect of al pha-CD was
reproduced. The lesion area of WDA- and LFD-fed apo-E-KO nice
was simlarly small. The dietary admnistration of alpha-CD
did not affect body weight or food consunption. Plasma |ipid
| evel s were not changed significantly. Wether changes in the
gut m crobione account for the observed beneficial effect of
al pha-CD could not be determined with certainty (Sakurai et
al., 2017). Studies with 2-hydroxypropyl-beta-CD revealed a
simlar effect on atherosclerosis in apo-E-KO mice that was
attributed to "macrophage reprogramm ng” (Zinmmer et al.
2016) .

6.1.2 Studies in dogs

In a small cross-over study with 9 m xed-breed dogs, alpha-CD
was adm ni stered at doses of 0, 3, 6 or 9 g al pha-CD tw ce per
day after feeding a standard diet (2x 150 g per day). Each of
the 3 periods lasted for 10 days, i.e. 6 days for adaptation
followed by 4 days for feces collection. Daily food intake

fecal dry matter output and fecal scores did not differ
between treatnments. Body weights, condition scores and serum
TG and chol esterol concentrations remained unaffected by the
treatnents. However, the ingestion of alpha-CD was associ ated
with a small decrease in fat digestibility (CGuevara et al.,
2015).
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6.2 Studies in hunans

Cinical studies in humans with the purpose of exanm ning the
safety and tol erance of alpha-CD have not been perfornmed and
reported to our know edge since subm ssion of GRN 155.

However, several studies with al pha-CD were conducted in human
volunteers in order to further investigate potential favorable
effects of alpha-CD on blood l|ipids and glycemc control. An
early study that remained unpublished (D amantis & Bar, 2002)
and the studies that have been published (in English) since

subm ssion of GRN 155 are summari zed in Table 6.

Taken together these studies denpnstrate that o-CD ingested at
a high dose together with a starchy neal delays and danpens
the glycemic and insulinemc response (D amantis & Bar, 2002;
Buckl ey et al., 2006; GCentilcore et al., 2001). This effect is
nost probably the consequence of the inhibition of pancreatic
anyl ose by al pha-CD (Koukiekolo et al., 2001; CQudjeriouat et
al., 2003). However, "gastrointestinal upsets" have been ob-
served in some volunteers at such dose |evels of alpha-CD and
under the conditions of these three studies. Al pha-CD doses of

2 g ingested with a neal were usually (but with a few excep-

tions) well tolerated (G unberger et al., 2007; Jarosz et al.,
2013; Amar et al., 2016) but also renmmined wthout an effect
on postprandi al bl ood glucose levels (Jarosz et al., 2013).
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The occurrence of intestinal side-effects (stool softening or
even diarrhea), borborygm, etc. are well known consequences
of the ingestion of non-digestible, yet fernentable carbohy-
drates (polyols, soluble fernentable dietary fibers). Modul at-
ing factors are the gastric enptying tinme [depending on the
i ngestion of other foods (and their fact content)] and the in-
di vidual sensitivity to such effects that are not considered
adverse but that in fact have a self-limting effect through
t he consuner’s food sel ection.

Potential favorable effects of alpha-CD on blood |ipids have
al so been exam ned (reviewed by Gallaher & Plank, 2015). Such
effects have been reported also for different other soluble

dietary fibers (Suranpudi et al., 2016).
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6.3 Unpubl i shed data

In Part 6, 39 bullet point, the Evaluation Team i nquired about
publ i shed and unpublished data and information that the GRAS

Panel consi der ed.

The studies considered by the panel are published and are
referenced in GRN 678. Unpublished information regarding the
manuf act uri ng process was included in supporting documentation
for GRN 155, which was available to the panel. That docunenta-
tion is included in this submssion at Annex 4 and thus is

publicly avail abl e.
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7. QUESTIONS RE PART 7

The list of publications that was considered for GRN 678 is
presented in Part 7 of the GRN. The Notifier is unaware of
unpubl i shed safety data that would be pertinent for the safety

assessnent of al pha- CD.

The citation of Park et al., (2012) now is conpleted with a
reference to the FASEB' s website (see Section 8, References).

In order to provide the conplete picture of safety studies

wi th al pha-CD on which GRN 155 was based, a table (Table 5) is

now provided with the correct dose |levels and citations.
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Table 1 Conpari son of specifications of al pha-cycl odextrin as
laid down in FCC 10 1S and as applied by the Notifier

Anal ysi s FCClimt Notifier's
limt
alpha-cyclodextrin > 98% 2 98%
Reducing substances < 0.5% < 0.5%
Residue on ignition < 0.1% < 0.1%
Specific rotation +145° - +151° +145° - +151°
Water < 11% < 11%
Residual complexant < 20 ppm < 20 ppm
Lead < 1 ppm < 0.5 ppm
Total heavy metals n.s. < 5 ppm
Arsenic n.s. < 1.3 ppm
Total Microorganisms n.s. < 1000/g
E. coli n.s. 0/10 g
Sal nonel | a n.s. 0/10 g

Abbrevi ations: n.s., not specified



Tabl e 2

Anal yses of six non-consecutive batches of al pha-CD produced at commercia

scal e

Bat ch No
601091 601084 601068 601055 601054

a- Cycl odextrin content (% 99 99 99 100 99
Residue on ignition (% 0.1 0.0 0.0 0.1 0.0
Reduci ng substances (% <0. 2 <0.2 <0.2 <0. 2 <0. 2
Heavy Metals (ppnm <5 <5 <5 <5 <5
Lead (ppm <0.5 <0.5 <0.5 <0.5 <0.5
Arsenic (ppm <1.0 <1.0 <1.0 <1.0 <1.0
Resi dual 1-decanol (ppm <5 <5 <5 <5 <5
Loss on drying (% 10.5 10.0 9.7 10. 3 10. 3
M cr oorgani snms per ¢ <100 <100 <100 <100 <100
Salnmonella/E. coli in 10g 0 0 0 0 0
Specific Rotation +148° +150° +151° +150° +150°




Table 3.1 Estimated intake by adult consumers of al pha-cyclodextrin fromits conbined use in
processed and ultra-processed foods and in specified types of beverages at maxi mum
| evel s of use (GRN 678)

al pha- CD i nt ake

Sour ce of al pha-CD Mean 90'" perc.
Processed and ultra-processed foods (other than beverages) 16.7 g/ d* 29.4 g/ d*
(239 ny/ kg bw d) (420 ng/ kg bw d)
Beverages (as specified in Table 1 of GRN 678) 3.7 g/d 7.9 g/d
Conbi ned intake fromall sources 20.4 g/d 37.3 g/d

! Assuming a body weight of 70 kg



Table 3.2 Estinmated average daily intake of al pha-CD from processed and ultra-processed foods
(ot her than beverages) at maxi mum |l evels of use by children and teenagers (GRN 678) based
on body weight and total daily energy expenditure data published by Livingstone et al.,
1992
Age Chil dren Chi I dren Teenagers
3-5y 7- 12y 12 - 18 y
Body wei ght (group average) 17. 2 kg® 33.5 kg? 57.6 kg*

Energy i ntake 78.8 kcal / kg bw d®

Energy intake fromfood (80% 63. 0 kcal / kg bw d

Intake of food (wWith average energy density 31.5 g/ kg bw d
2 kcal /g)

I ntake of processed food (70% of all food) 22.1 g/ kg bwd

al pha-CD i ntake (3% in processed food) 662 ngy/ kg bw d

Dai |l y al pha-CD i ntake from processed and

ul tra-processed foods per person 11.4 g/d

Aver age body wei ghts of age groups 12, 15 and 18 year ol ds

Aver age body wei ghts of age groups 7, 9 and 12 year ol ds

Aver age body wei ght of age groups 3, 4 and 5 year olds

Average of total energy expenditure (TEE) of age groups 12, 15 and 18 year ol ds
Aver age TEE of age groups 7, 9 and 12 year ol ds

Aver age body wei ghts of age groups 12, 15 and 18 year ol ds

o g h W N R

64.0 kcal / kg bw d®

51.2 kcal/kg bw d
25.6 g/ kg bwd

17.9 g/ kg bw d

538 ng/ kg bw d

18.0 g/d

49. 4 kcal / kg bw d*

39.5 kcal/kg bw' d
19.8 g/ kg bw d

13.8 g/ kg bw d

415 myl kg bw/ d

23.9 g/ d



Table 3.3 Estimated daily intake by children,

Sour ce of al pha-CD

teenagers and adults of al pha-CD from processed

Processed and ultra-
processed foods
(cf. Table 3.2)

Bever ages

(based on dietary
survey data under-

| yi ng GRN 155 but

i ncreased by 5%
generally for
beverages in order
to adjust for the

i ncrease of the

maxi mum use |level in
soft drinks from 1%
to 1.05%

I ntake from all

and ul tra-processed foods and specified beverages conbi ned at maxi num | evel of use
Chi I dren Chi |l dren Teenager s Adul ts
3-5y 7 - 12y 12 - 18 y Mean 90 perc.
11.4 g/d 18.0 g/d 23.9 g/d 16.7 g/d 29.4 g/d
3.4 g/d* 3.5 g/d? 4.4 g/ d® 3.6 g/d 7.9 g/d
14.8 g/ d 21.5 g/d 28.3 g/ d 20.3 g/ d 37.3
g/ d*

sour ces

AW N P

age 2 - 5y for beverages (dietary survey data taken from dossier underlying GRN 155, Table 2)
age 6 - 12 for beverages (dietary survey data taken from dossier underlying GRN 155, Table 2)
age 13 - 19 for beverages (dietary survey data taken from dossier underlying GRN 155, Table 2)
A 90'" percentile consumer for both foods and beverages is |ikely overweight.
di fference between nean and 90'" percentile may be smaller.

Woul d i ntakes be

cal cul ated per

kg body weight,

t he



Tabl e 4

Comparison between GRN 155 and GRN 678 of

the total

cyclodextrin fromits conbined uses in specified foods and specified types of

at maxi mum | evel s of use

GRN 155* GRN 6782
Mean 90'" perc. Mean 90'" perc.
Children (2-5 years) 10.2 g/ d 16.2 g/d
(3-5 years) 14.8 g/ d® n.d.
Children (6-12 years) 11.8 g/ d 18.7 g/d
(7-12 years) 21.5 g/ d® n. d.
Teenagers (13-19 years) 12.4 g/ d 21.4 g/d
(12-18 years) 28.3 g/ d? n. d.
Adults (= 20 years) 11.3 g/d 20.2 g/d 20.3 g/ d® 37.3 g/ d®

1 2-Day average intake by the dietary survey nethod (Environ, 2002).
2 Calculated for foods from data on total

. (Environ, 2002)

Since certain beverages, such as soft
678), contribution to the total

are over-estimates.

n.d., not determ ned

a-CD from all

energy expenditure (Livingstone et al.,

drinks and energy drinks,
sources is taken into account tw ce.

are processed or ultra-processed foods (cf.
Hence these intake estinmates from all sources

estimated daily intake of alpha-

bever ages

1992)and for beverages from dietary survey data

footnote 2 of GRN



Table 5

Resul ts of standard,

or al

toxicity studies with al pha-CD

Type of study Speci es (n) Dose | evel Resul ts NCAEL Ref er ences
(% of diet)
Subchronic (4-wk) Wstar rats 0, 1, 5, 10, Persi stent di arrhoea associ - 5% Li na & Bar, 2004a
toxicity test (5/ sex/ group) 15, a-CDh; ated with reduced body wei ght (4 9/ kg bw d)
5% p- CD gai ns and i ncreased water
consunpti on
Subchronic (13-wk) Wstar rats 0, 1.5, b5, Slight cecal enlargenent at 20% Li na & Bar, 2004a
toxicity study (20/ sex/ group) 20% a- CD, 20% a- CD; increased urinary (m 12.6 g/ kg bw d;
20% | act ose Ca excretion and decreased f: 13.9 g/ kg bw d)
pH at 20% a- CD; increased
fecal dry weight and nitro-
gen excretion and decreased
fecal pH at 20% a- CD
Subchronic (90-d) Beagle dogs 0, 5, 10, 20% Slight cecal enlargenent in 20% Li na & Bar, 2004b
toxicity study (4/ sex/ gr oup) a- CD the 10 and 20% dose groups; (m 9.8 g/kg bw d;

transient diarrhoea in a few
dogs; decreased urinary pHin
fermal es of the 20% a- CD gr oup

f:

10. 4 g/ kg bw/ d)



Table 5 conti nued

Type of study Speci es (n) Dose | evel Resul ts NCAEL Ref er ences
(% of diet)
Enmbryotoxicity / Sprague-Dawl ey 0, 5, 10, 20% No di fferences between treated 20% NTP, 1994a
teratogenicity rats (day 6-16) groups and controls except for (approx. 20 g/kg
st udy an increased food consunption bw d)
in the 10 and 20% a- CD gr oup
and sporadic increases of
wat er consunption in al
treated groups
Enbryotoxicity / Swiss (CD- 1) 0, 5, 10, 20% No di fferences between treated 20% NTP, 1994b
teratogenicity nmce (day 6-16) groups and controls except for (approx. 49 g/ kg
st udy an increase food consunption bw d)
in the 20% a- CD group
Water intake was unaffected by
the treatnment
Enbryotoxicity / Wstar rats 0, 1.5, 5, 10, No difference between 20% Waal kens- Ber endsen

teratogenicity
st udy

(25f/ group)

New Zeal and
Wiite rabbits
(16f/ group)

Enmbryotoxicity /
teratogenicity
st udy

20% o- CD;
20% | act ose
(day 0-21)

0, 5, 10, 20%
a- Ch;
20% | act ose
(day 0-29)

treated groups and con-
trols

Transient mld diarrhoea
in the 10 and 20% o- CD
gr oups

(11 g/ kg bw d)

20%
(5.9-7.5 g/ kg bw d)

& Bar 2004a

Waal kens- Ber endsen
et al., 2004

Abbreviations: m nmale; f, fenule;

bw, body wei ght;

NOAEL, No (bserved Adverse Effect Leve



Tabl e 6

Tol erance of al pha-cycl odextrin in humans

Resul ts
Subj ect s, St udy design n Treat ment s Primary endpoints Secondary Remar ks Ref erence
age, health (total) endpoi nt s;
condi tion i ntestinal
t ol erance and
adverse effects
Heal t hy adul t 12 25 g a-CD single dose | Gycenic and insu- I nt esti nal D amantis &
mal es, fasted di ssol ved in 250 ni linenic response: a-CD |tolerance: Bar, 2002
over ni ght wat er; ingested to- del ays and re-duces the .
gether with 100 g gl ycem ¢ and 1 subj ect
fresh white bread. i nsulinenic re-sponse reported
to the test neal. diarrhea, 3
reported
abdom nal
di sconf ort
Heal t hy adult | Doubl e-bli nd, 10 Boiled rice (50 d ycem c and I nt esti nal Greater Buckl ey et al .,
mal es (5) and | randomi sed, starch) with 0, 2, 5 i nsulinenic response at |tol erance "Q - satiety at | 2006
femal es (5) crossover; 48 or 10 g o-CD added. t 0, 15, 30, 45, 60, 90 | upsets” hi gh dose
hrs washout and 120 m n: reported by of o-CD
bet ween Each subject received 1/10 subjects
treat ments. all 4 treatments. o- CD reduces the at | ow dose, Lower
glycenic response in a |2/10 at md- pal at abi -
dose-rel at ed nanner. dose and 3/10 lity at
Effect is significant at hi gh-dose a- hi gh dose
at 5 and 10 g a- CD. CD i nt ake. of a- CD.
Over wei ght Random zed, (28 |41 6 g a-CDd (2 g after Body wei ght, body fat, I nt esti nal Conerford et
(not obese), conpliant) (28 each fat contai ning bl ood lipids, insulin, t ol er ance: al . 2011
nondi abeti c, controll ed, conplian | neal) for 1 nonth. | eptin, adiponectin
adult mal es doubl e-bli nd t) unchanged. No 3 effects
(14) and crossover. reported

femal es (27)

Signi ficant decrease of
total and LDL-Chol de-
creased in hyper-

chol esterem c

partici pants.

Adi ponecti n unchanged.

Page1of4




Heal t hy Doubl e- bl i nd, 10 I ngestion of 100 g Gastric enptying, I ntestinal Gentil core et
ol der adults |randoni zed. sucrose (in 300 m bl ood gl ucose, t ol erance: al ., 2011
(age 68 - 76 drink) with or wthout serum i nsulin:
y) (7 nmales, 10 g o- CD. 3/ 10 subjects
3 fenal es) Gastric enptying reported
sl owed by o- CD; | oose stools
bl ood gl ucose and 5 hrs after
insulin slightly a- CD
decreased at 60 and | ingestion
90 and 120 min, Synpt ons
resp. resol ved
within 7 hrs
after
conpl eti on of
st udy.
[ Note: 3/13
recruited
subj ects
dr opped out
after
experiencing
di arrhea on
compl eti on of
the first
visit
(treat nent
not
specified)].
Qbese type-2 | Doubl e-blind I ngestion of 2 1-g Bl ood sanpling Secondary G unberger et
di abetics paral | el design tablets with a-CD or before and after 1, | endpoints: al ., 2007
(BMI = 30, with random zed pl acebo (not specified) |2 and 3 nont hs of Serum 25- O+
> 30 y old) al | ocati on of with each fat study: gl ucose, vit. D
subj ects to a- containing meal (> 20 g |cCcreatinine, ALAT, l'eptin,
CD group (at fat), i.e. £ 6 g o- Chol tot., HDL- |n§uI|n, '
start n =33 in Dl d. Chol, LDL-Chol, TG | adi ponectin,
treated group CRP, fructosani ne: HbAlc at
and n = 34 in start and end
control group). (a) Not significant | of study.
Drop-outs n = decrease of
13 in treated Chol tot in None of the
group and n = 7 treated group partici pants
in control and increase in |reported
group, all due control group; adver se side
to insufficient difference ef fects.
conpliance with bet ween group

Page 2 of 4




pr ot ocol

is significant.

(b) Significant
i ncrease of
adi ponectin
relative to
pl acebo group
(interpreted as
benefi ci al
effect).

Heal t h
adul ts

65 y ol d)

(18 -

Doubl e- bl i nd,
pl acebo
controlled
Ccross-over
study (n = 34)

I ngestion of 2 g a-CD
or cellul ose (placebo)
followi ng a high-fat
br eakf ast

Fasting and
post pr andi al
h) gl ucose,
chol esterol (LDL
HDL, total), TG

(1- 3

No significant
treatment rel ated
effects at each
point in tinme.
However ,
significant tine by
treat nent

i nteraction
indicating a TG

| owering effect of
a-CD in hyper-

I'i pi denmi ¢ but not
nor ol i pi deni ¢
subj ects

No adverse G
effects
reported

Jarosz et al.,
2013;

Fl etcher, 2013

Over wei ght
and obese
subj ects

Random zed
controll ed
crossover study
with three 7-
day treatnent
peri ods

21

(1) o-CD 30g/d

(2) water-
sol ubl e
nodi fi ed
cel | ul ose
(6 g/d)

(3) isocaloric
pl acebo
dri nk

Two servi ngs/
day (breakfast,

di nner)

Fecal 4-day fat
excretion does not
differ between o-CD
and conpari son
(cellul ose)

treat ment periods

None reported

Study is
pub-

l'i shed
as
abstract
only.

Par k, 2012
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for 4 conse-cutive days

Heal t hy
subj ects (18
- 75 y old)

Doubl e- bl i nd,
pl acebo-
controll ed,
Ccross-over
study (n = 75)

3 x 2 pills/

day with main neals for
14 weeks

Verum

1 g o-CD + excipients

Pl acebo:

Di al ci um phosphat e and
cel lul ose + excipients

Bl ood i pi ds,
bl ood gl ucose
paraneters

Modest reduction in

smal |
LDL- particl es.

and

O her paraneters

unaf fected by
treat ment.

a- CD

St andar d
clinica
chem ca

par aneters
I i pophilic
vi t am ns,
RBC, WBC. no
adver se

ef fects due
to a-CD
treat nent.

M nor gastro
-intestinal
synptons in
8% of

subj ects
during o-CD
treatnent and
in 3% during
pl acebo
treatnents
(difference
not
statistically
significant).

Amar et al.
2016
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Annex 1

Speci fi cati ons of al pha-cycl odextrin as per Food Chem cal s

Codex, FCC 10 1S

{00305227}
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alpha-Cyclodextrin

alpha-Cyclodextrin
Published in:

First Published: FCC 6, Second Supplement
Last Revised: FCC 6, Second Supplement

a-Schardinger dextrin
a-Dextrin
Cyclohexaamylose
Cyclomaltohexose

a-Cycloamylose

(CeH1005)6

Formula wt: 972.85

INS: 457

CAS: [10016-20-3]

UNII: Z1LH97KTRM [ alfadex]

DESCRIPTION

Alpha-Cyclodextrin occurs as a virtually odorless, white or almost white crystalline solid.
It is a non-reducing cyclic saccharide consisting of six a-(1—4)-linked pb-glucopyranosyl
units produced by the action of cyclodextrin glucosyltransferase (CGTase, EC 2.4.1.19) on

http://publications.usp.org/index.html 2/15/2017
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hydrolyzed starch. Recovery and purification of alpha-cyclodextrin may be carried out using
one of the following procedures: precipitation of a complex of alpha-cyclodextrin with
1-decanol, dissolution in water at elevated temperature and re-precipitation, steam-
stripping of the complexant, and crystallization of alpha-cyclodextrin from the solution; or
chromatography with ion-exchange or gel filtration followed by crystallization of alpha-
cyclodextrin from the purified mother liquor; or membrane separation methods such as
ultra-filtration and reverse osmosis. It is freely soluble in water and very slightly soluble in
ethanol.

Function: Carrier; encapsulating agent; stabilizer

Packaging and storage: Store in tight containers in a dry place.

IDENTIFICATION

® PROCEDURE
Acceptance criteria: The retention time of the major peak in the chromatogram of the
Sample solution is the same as that of the Standard solution in the Assay.

ASSAY

® PROCEDURE

Mobile phase: Acetonitrile and water (67:33, v/v)

Standard solution: 10 mg/mL USP Alpha-Cyclodextrin RS[NoTe— Ultra-sonication for 10
-15 min may be necessary to aid in complete dissolution. ]

Sample solution: 10 mg/mL filtered through a 0.45-um filter [NoTe— Ultra-sonication
for 10-15 min may be necessary to aid in complete dissolution. ]

Chromatographic system, Appendix IIA
Mode: High-performance liquid chromatography
Detector: Refractive index
Column: 25-cm x 4-mm, packed with a monomolecular layer of aminopropylsilane

chemically bonded to totally porous silica gel support (10 pym particle diameter)!

Column temperature: 40°
Flow rate: 2.0 mL/min
Injection volume: 10 pL

Analysis: Separately inject equal volumes of the Standard solution and Sample solution
into the chromatograph, and measure the responses for the major peaks on the
resulting chromatograms. Calculate the percentage of alpha-cyclodextrin in the portion
of the sample taken by the equation:

Result = (ry/rg) x (C5/Cy) x 100%

ry = peak response for alpha-cyclodextrin from the Sample solution

rs = peak response for alpha-cyclodextrin from the Standard solution

Cy = concentration of the sample in the Sample solution (mg/mL)

Cg = concentration of alpha-cyclodextrin in the Standard solution (mg/mL)

Acceptance criteria: NLT 98%, calculated on the anhydrous basis

http://publications.usp.org/index.html 2/15/2017
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IMPURITIES

Inorganic Impurities
e LEAD, Lead Limit Test, Atomic Absorption Spectrophotometric Graphite Furnace
Method, Method I, Appendix IIIB
Acceptance criteria: NMT 1 mg/kg
Organic Impurities

® REDUCING SUBSTANCES (As DEXTROSE) [NoOTE— Dextrose levels are usually lower when
determined by the following procedure in the presence of alpha-cyclodextrin, compared
to levels determined in its absence. An alpha-cyclodextrin reference standard is
therefore utilized in this procedure for the calibration. ]

Reagent solution: Weigh 10.0 g of 3,5-dinitrosalicylic acid in a 1000-mL volumetric
flask. Add 80 mL of water, and dissolve the 3,5-dinitrosalicylic acid by heating in a
water bath. Prepare a solution of 16.0 g sodium hydroxide in 200 mL of water and a
solution of 300 g sodium potassium tartrate in 500 mL of water. Transfer both
solutions to the 1000-mL flask. Dilute with water to volume, shake the flask, and let it
stand for 24 h. Filter (paper) the reagent solution prior to use if a precipitate appears.

Standard stock solution: 10 mg/mL dextrose (on the anhydrous basis)

Standard solutions: 0 to 1.0 mg/mL dextrose prepared as follows: weigh 1.0 g of
alpha-cyclodextrin standard? into each of eleven 10-mL volumetric flasks (numbered 0
to 10). Add 0, 0.1, 0.2, ..., 1.0 mL of Standard solution to flasks nos. O, 1, ... to 10,
respectively. Dilute all flasks with water to volume.

Sample solutions: 100 mg/mL [NoTe— Ultra-sonication for 10-15 min at 30° may be
necessary to aid in complete dissolution. ]

Calibration curve: Assemble a set of eleven 10-mL volumetric flasks. Transfer 1 mL
of each of the eleven Standard solutions into the flasks, and add 1 mL of Reagent
solution to each flask. Heat each flask in the boiling water bath for 10 min. Cool
rapidly to room temperature, and dilute all flasks with water to volume. For each
solution, measure the absorbance against water at 545 nm. Generate a standard
curve by plotting absorbance vs. the concentration, in mg/mL, of dextrose in the
Standard solutions.

Analysis: Prepare a set of six 10-mL volumetric flasks (labeled a through f), and add
1 mL of Reagent solution to each. Transfer 1 mL of the Sample solution to flasks “a,”
“b,” and “c”. Transfer 1 mL of the Standard solutions numbered 0, 3, and 6 to flasks
“d,” “e,” and “f"”. Thoroughly mix the contents of each flask, and place in a boiling
water bath for 10 min. Then, cool the flasks to room temperature, fill to the mark with
water, and measure absorbance of the solutions against water at 545 nm. The result
is only valid if the absorbances of the solutions in flasks “d,” “e,” and “f” do not
deviate more than 5% from the corresponding absorbances from the Calibration
curve. Calculate the percentage reducing substance (as dextrose) in the sample taken
using the following equation:

Reducing substances = Crs/C; X 100%

http://publications.usp.org/index.html 2/15/2017
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= average of the reducing substance concentrations (as dextrose), in mg/mL, from
RSflasks “a,” “b,” and “c,” calculated using the Calibration curve
Cy = concentration of the sample in the Sample solution (mg/mL)

Acceptance criteria: NMT 0.5% (as dextrose)

® RESIDUAL COMPLEXANT (1-DECANOL)

Tris buffer solution: Dissolve 606 mg of tris (hydroxymethyl) aminomethane and
430 mg of calcium sulfate dihydrate in 500 mL of water. Adjust the pH to 6.5 with
phosphoric acid.

Internal standard solution: Add 50 mg of 1-octanol to 250 mL of tetrahydrofuran.

Standard stock solution: 750 ug/mL 1-decanol in Internal standard solution

Standard solution: 7.5 pg/mL 1-decanol in Internal standard solution: diluted from
Standard stock solution

Sample solution: Dissolve 750 mg of sample and 50 mg of glucoamylase? (EC
3.2.1.3) in 7 mL of Tris buffer solution. Add 100 uL of Internal standard solution and
50 pL of cyclodextrin glucosyltransferase preparation (500 U/mL).# Close tightly, mix,
and incubate in a shaking water bath at 40° for 4 h.

Condition a C18 solid-phase extraction column® by washing with methanol (2 x 10
mL) and water (4 x 10 mL). Quantitatively transfer the digested sample solution to
the conditioned column, and slowly pass it through the column. Wash the column with
water (2 x 10 mL). Gently pass nitrogen through the column to dry it (10 min). Apply
2.5 mL of tetrahydrofuran to the column, let stand for 5 min, and collect the eluate.
Use the eluate as the Sample solution.

Chromatographic system, Appendix IIA

Mode: Gas chromatography

Detector: Flame ionization

Column: 25-m x 0.32-mm capillary column coated with a 0.5-ym layer of
dimethylpolysiloxane gum®

Column temperature: 60° for 1 min, 20°/min to 300°, 300° for 7 min

Injection port temperature: 265°

Carrier gas: Helium

Flow rate: 1 mL/min

Injection syringe: Heated, gas-tight

Injection volume: 1 pL

Analysis: Separately inject equal volumes of the Standard solution and Sample

solution into the chromatograph, record the chromatograms, and measure the peak

responses. Calculate the concentration (mg/kg) of 1-decanol in the sample taken

using the following formula:

Result = (Ry/Rg) x Cg x (2.5/S) x 1000

= internal standard ratio (1-decanol peak response/1-octanol response) from the
U Sample solution
R. = internal standard ratio (1-decanol peak response/1-octanol response) from the
S Standard solution
Cs = concentration of 1-decanol in the Standard solution (pg/mL)

http://publications.usp.org/index.html 2/15/2017
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25 = dilution factor for the Sample solution from the mL of tetrahydrofuran applied
'~ to the solid-phase extraction column

S = mg of sample taken to prepare the Sample solution

1000= pg/mg to mg/kg conversion factor

Acceptance criteria: NMT 20 mg/kg

SPECIFIC TESTS

® MELTING RANGE OR TEMPERATURE DETERMINATION, Appendix IIB

Acceptance criteria: Decomposes above 278°
® RESIDUE ON IGNITION (SULFATED AsH), Appendix IIC
Sample: 1to2g
Acceptance criteria: NMT 0.1%
® OPTICAL (SPECIFIC) ROTATION, Appendix IIB
Sample solution: 10 mg/mL
Acceptance criteria: [a]y?® between +145° and +151°

e WATER, Water Determination, Method I, Appendix IIB
Acceptance criteria: NMT 11%

1 Nucleosil 100 NH2 (Macherey-Nagel Co, Diiren, Germany), or equivalent.

2 Available from Consortium fiir Elektrochemische Industrie GmbH (Miinchen, Germany), or Wacker Biochem
Group (Adrian, MI, USA).

3 Gluczyme 8000 (Wacker Chemie, Munich, Germany).
4 Available from Wacker Chimie (Munich, Germany).
5 Isolute C18, 10 mL (ICT, Bad Homburg, Germany), or equivalent.

6 HP-1 (Agilent Technologies), or equivalent.

Please check for your question in the FAQs (http://www.usp.org/frequently-asked-
questions/food-chemicals-codex-fcc) before contacting USP.

Topic/Question Contact Expert Committee
Monographs Kenny Xie (mailto:KYX@usp.org) FI2015 Food Ingredients 2015

Scientific Liaison
(240)221-2052

http://publications.usp.org/index.html 2/15/2017
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From: Ricardo Carvajal

To: McMahon. Carrie

Cc: "Albert Bar"; Cora A. Seballos

Subject: RE: GRN 678 - Responses to questions from Evaluation Team
Date: Thursday, March 09, 2017 9:39:40 AM

Attachments: Annex 3 - Batch analyses 3-9-17 (00305465).pdf

Dear Carrie:

As part of Annex 3, we inadvertently submitted an inspection certificate for a batch analysis (for
batch 601068) that erroneously reports an arsenic value of <2 (as opposed to <1). That certificate
was issued on 02/03/17. Wacker had investigated the issue and confirmed that that the reported
value of <2 was attributable to a reporting error. The correct value is <1 and is reflected in a
corrected inspection certificate, which was issued on 03/06/2017 and is included in the attached
version of Annex 3. If you would prefer that | resubmit the entire PDF that | submitted yesterday
with the attached version of Annex 3, please let me know. My apologies for any inconvenience.

Best regards,
Ricardo

Ricardo Carvajal, J.D., M.S.
Hyman, Phelps & McNamara, P.C.
700 13th Street, N.W.

Suite 1200

Washington, D.C. 20005

tel: (202) 737-4586

fax: (202) 737-9329

rcarvajal@hpm.com
Admitted in the District of Columbia

www.hpm.com
Visit the HPM blog at: www.fdalawblog.net

From: Ricardo Carvajal

Sent: Wednesday, March 08, 2017 4:35 PM

To: 'McMahon, Carrie'

Cc: 'Albert Bar'; Cora A. Seballos

Subject: GRN 678 - Responses to questions from Evaluation Team

Dear Carrie:

Attached is the response to the questions from the Evaluation Team. Given the number of
tables and annexes, we though it would be best to make the submission as a single PDF. We
did not include Annex 4, which is the GRAS dossier for GRN 155, because | sent that to you
this past Monday. Please let me know if you would like me to follow up with hard copies via
FedEx, and if so, how many.

Thanks and best regards,
Ricardo
Ricardo Carvajal, J.D., M.S.



Hyman, Phelps & McNamara, P.C.
700 13th Street, N.W.

Suite 1200

Washington, D.C. 20005

tel: (202) 737-4586

fax: (202) 737-9329
rcarvajal@hpm.com

Admitted in the District of Columbia

www.hpm.com
Visit the HPM blog at: www.fdalawblog.net
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This e-mail is sent by a law firm and may contain information that is
privileged or confidential. If you are not the intended recipient, please

delete the e-mail and any attachments and notify us immediately.
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From: Ricardo Carvajal

To: McMahon. Carrie

Cc: Albert Bar

Subject: GRN 678 - additional information on intestinal tolerance

Date: Friday, April 07, 2017 12:40:17 PM

Attachments: Wacker Dossier Alpha-CD_Supplementary Information_010417.pdf

Dear Ms. McMahon:

Attached is the additional information regarding intestinal tolerance that we mentioned in our call of
March 30.

Best regards,

Ricardo

Ricardo Carvajal, J.D., M.S.
Hyman, Phelps & McNamara, P.C.
700 13th Street, N.W.

Suite 1200

Washington, D.C. 20005

tel: (202) 737-4586

fax: (202) 737-9329
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Admitted in the District of Columbia
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1. INTRODUCTION

The 1i1ntake of alpha-CD from 1its concomitant use in all
processed and ultra-processed foods at the maximum use level
of 3% (w/w) results in an estimated daily intake of alpha-CD
of 20.3 and 37.3 g/d for the mean and 90th percentile consumer,
respectively (cf. Part 2, Section 3(5) of GRN 678).

The effect on fecal fat excretion of dietary alpha-CD and, for
comparison, a water-soluble modified cellulose was examined in
a randomized, controlled cross-over study with 31 healthy
volunteers who consumed each of these two glucose polymers for
a period of 7 days. The daily dose of 30 g of each test
substance was ingested In two portions, i.e. 15 g at breakfast
and 15 g at dinner. Intestinal side-effects were not reported
by the authors of this study that at this time is published in
the form of an abstract only (Park et al., 2012).
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2. INTESTINAL TOLERANCE OF RESISTANT DEXTRINS IN COMPARISON

Since alpha-CD 1s a water-soluble, non-digestible glucose
polymer, i1ts intestinal tolerance iIs expected to correspond to
that of other non-digestible, yet Tfermentable glucose
polymers, such as isomaltodextrin and resistant dextrin that
have been the subject of GRAS Notices 610 and 436,
respectively. The estimated daily intakes of these two
resistant dextrins (as considered in GRN 610 and GRN 436) and
of alpha-CD (as presented in GRN 678) are shown in Table 1.

Resistent dextrin was found to be well tolerated when given at
doses of 30 or 45 g/d (Pasman et al., 2006). At higher doses, i.e.
60 and 80 g/d, flatulence was observed but not diarrhea (Van den
Heuvel et al., 2004). In another study, resistant dextrin ('Nutriose
FB'") was administered in step-wise increasing daily doses from 20
g/d to 100 g/d over a period of 20 days followed by a 5-day period
with iIngestion at this top dose level. The daily dose was ingested
in six equal portions, i.e. 16.7 g resistant dextrin was ingested at
each eating occasion. Except for flatulence (in 2/10 subjects) and
slight abdominal pain in 1/10 subjects at intakes above 50 g/d, i.e.
about 8.3 g per eating occasion, no side-effects were reported.
However, during the initial adaptation period, two subjects noted

diarrhea for one day (Vermorel et al., 2004).

Such intestinal side-effects are well known to occur also after the
ingestion of sugar alcohols (polyols) such as sorbitol that are

incompletely absorbed but fermented by the intestinal microbiota.

The observation of 'gastrointestinal upsets™ in 3/10 subjects and
loose stool in 3/10 subjects ingesting single doses of 10 g alpha-CD
(consumed without a preceding adaptation period) is consistent with
this overall picture of minor intestinal symptoms that may occur
after iIntake of low-digestible or non-digestible carbohydrates in

sensitive individuals.

4/8



Therefore, it also is not surprising that "Gl upsets'" and loose
stools were observed in 3/10 subjects in each of the two human
studies with administration of a single 10-g alpha-CD dose (Buckley
et al., 2006; Gentilcore et al., 2011). These observations are not
necessarily conflicting with the apparent absence of side-effects in
the study by Park et al., 2014 because other factors such as
differences in the composition of the food with which the low
digestible dextrin 1i1s iIngested and thus the gastric emptying time

can also play a role.

For a specific resistant dextrin, Fibersol-2, the maximum single
oral dose that does not cause diarrhea was determined in 10 healthy
adult subjects. The test substance was ingested in aqueous solution
after breakfast. The composition of the (presumably Japanese)
breakfast was not described. The maximum single dose that did not
cause diarrhea was 1 g/kg bw/d under the conditions of this study.
However, mild transient symptoms such as ‘gargling sounds”™ and
flatus were observed at all dose levels tested (0.7 - 1.1 g/kg bw)
(Kishimoto et al., 2013).

In a study on effects of a resistant dextrin, Fibersol-2, on colonic
transit time, 15 g of this product dissolved In water were consumed
together with breakfast. Side effects that could be attributed to
this treatment were not reported (Ruiz et al., 2016).

Considering the structural (glucose polymer) and physiological (non-
digestibility yet colonic fermentability) of alpha-cyclodextrin and
resistant dextrins, this data indicate that alpha-cyclodextrin, even
if used at the maximum proposed level (3%) in all processed and
ultra-processed foods, does not present a risk of intestinal side
effects that are adverse to human health. Minor side-effects, such
as Fflatulence that may occur under certain circumstances and/or in
specifically sensitive individuals, are the same as may occur after
the consumption of other non-digestible polymeric carbohydrates or
incompletely absorbed polyols.
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3. CONCLUSION

Alpha-CD belongs to the group of low- or non-digestible polymeric
carbohydrates and, more specifically, to the group of glucose
polymers which encompasses products such as resistant (malto-)
dextrins and polydextrose. While there are some differences in the
physiochemical properties and the degree of polymerization between
such products (cf. Table 1 of GRN 436), they all have a certain
water-binding capacity and they all are fermented partly or

completely by the colonic microbiota.

Observations of intestinal symptoms, such as flatulence, soft stool
or even diarrhea that are observed after the ingestion of excessive
single doses are a result of these properties. The fact that such
side-effects disappear on continued exposure or indeed do not even
appear if doses are increased step-wise (“adaptation”) demonstrates
that the microbial fermentation plays an important role in the
handling of 1iIngested non-digestible carbohydrates. However, other
factors such as the gastric emptying time and an individual

sensitivity to gastrointestinal effects play also a role.

The difference between estimated total daily intakes of resistant
dextrin, 1isomaltodextrin and alpha-CD from all intended uses
combined is comparatively small. The data including intestinal
tolerance data that have led to the General Recognition of Safety of
resistant dextrin and isomaltodextrin are therefore a sufficient
basis for extending that status also to alpha-CD for which in fact a
more comprehensive toxicological data set is available.
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Table 1 Estimated daily intake of three resistant dextrins

Estimated intake from all sources combined

Non-digestible dextrin GRN g/person/d g/kg bw/d
Mean 90t perc. Mean 90t perc.
Resistant dextrin 436 17.4 32.6 0.3 0.6
Isomaltodextrin 610 16.3 32.7 0.265 0.552
Alpha-cyclodextrin 678 20.41 37.3 0.2921 0.533t
155 11.32 20.22 0.1602 0.280?
Notes:

Depending upon the food, the purpose of use of a non-digestible dextrin, cost considerations etc., one or
the other dextrin or perhaps mixtures thereof will be used. A cumulative use of these dextrins at maximum
levels of use iIs not expected and indeed has explicitly not been a consideration in GRN 610.

The expression of the intake of dietary fibers in terms of body weight, 1.e. mg/kg bw/d, is of limited value
because of their non-digestibility and non-absorption.

20 years) (cf. Table 3.1 of GRN 678 for data)
20 years) (cf. Table 5 of GRN 155)

1 Adults (

>
2 Adults (2
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