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Note about confidentiality

Under the "UK Novel Foods and Novel Food Ingredients (Amendment)
Regulations 1999" and the corresponding "Guidelines on the disclo-
sure of information and confidentiality in respect of applications
made to the ACNFP', this dossier and the pertinent parts of the
pivotal safety studies are to be made public. Information for which
the applicant claims confidentiality because it pertains to produc-
tion or marketing know-how and the specific properties of the ap-
plied immobilized lactase, which i1s purchased from a third party,
is marked . Annexes 1, 2, and 6 which contain details
about the production process and the intended uses of D-tagatose,

are marked ""Confidential™ in theilr entirety.
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1. INTRODUCTION

D-Tagatose is a sugar (monosaccharide) and, more precisely, an en-
antiomer of D-fructose (inversion at C-4). It occurs naturally in
small amounts iIn heat-treated dairy products, where it is formed
from galactose by iIsomerisation.

Sugars, 1.e., mono- and disaccharides, are generally considered to
be foods, not food additives. This is also true for novel sugars as
exemplified by trehalose which was authorized by a Commission Deci-
sion (2001/721/EC) under the Novel Food Regulation.

The non-cariogenicity, prebiotic activity, low glycemic impact and
reduced energy value of D-tagatose are the main reasons for its use
in sweet tasting foods. These nutritional purposes further underpin
the food status of D-tagatose.

D-Tagatose has not been consumed so far in significant amounts in
the European Union. Therefore, it must be regarded as a novel food.
Since i1t i1s produced at a commercial scale from galactose, a compo-
nent of lactose, by a one-step chemical isomerisation, It complies
with the definition of a novel food according to article 1 (2)(c)
of the Novel Food Regulation ("foods and food ingredients with a

new or intentionally modified primary structure™).

The present application for authorization of D-tagatose as a novel
food was prepared according to the EU Commission®s Guidelines on
the scientific information necessary to support applications for
the placing on the market of novel foods or novel food ingredients
[Commission Recommendation (97/618/EC)]. D-Tagatose was identified

as belonging to class 1.2 (“pure chemicals or simple mixtures from
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non-GM sources with no history of food use in the Community'). Us-
ing the computerized decision tree developed by the UK Advisory
Committee on Novel Foods and Processes, the data requirement for D-
tagatose was identified. The outcome of this evaluation is shown in

Annex 7.

For evaluation of a class 1.2 product, the following information is

required according to the Commission Guideline, Table I1:

l. Specification of the Novel Food (NF)

This information is presented in Section 3 and Section 5 of

this Dossier.

1. Effect of the production process applied to the NF

This information is presented in Section 4 of this Dossier.

I11. History of the organism used as the source of the NF

D-Tagatose is produced chemically from D-galactose, 1.e., it
iIs not obtained from an organism. Consequently, no informa-
tion is required under this heading.

1v. Anticipated intake/extent of use of the NF

Information on the iIntended uses and resulting estimated

daily intake is provided in Section 6.2 and Section 7 of this

Dossier.

V. Nutritional information on the NF

Information on the nutritional benefits is provided in Sec-
tion 6.1 of this Dossier.
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VI. Microbiological information on the NF

There are no microorganisms involved in the production of D-
tagatose. Data on the microbial purity of D-tagatose are pre-

sented In Annex 4.

VII. Toxicological information on the NF

This information is presented in Sections 8, 9 and 10 of this

Dossier.

In addition to the information which s required according to the
Guidelines, information is provided about an analytical method for
the determination of D-tagatose in food (Section 6.3) and earlier

safety assessments and the regulatory status in other countries of

D-tagatose (Section 8).

The conceivable need for special labeling provisions of D-tagatose

is discussed in Sections 10.7, 10.8 and 10.9.

An extensive summary may be found in Section 11.
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2. ADMINISTRATIVE DATA

2.1 Purpose of the application

The purpose of this application is to obtain authorization for D-
tagatose produced by a simple chemical process, as a novel food

ingredient for use in solid, semi-liquid and liquid foods.

2.2 Petitioner

Arla Foods amba
Skanderborgvej 277
8260 Viby J

Denmark

2.3 Manufacturer

SweetGredients GmbH & Co KG
Kuchenstrasse 9

38100 Braunschweig

Germany
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2.4 Responsible persons

For Arla Food Ingredients amba:

Mr. Mads Vigh
Skanderborgvej 277

8260 Viby J

Denmark

Tel .: 0045.89.38.13.56
Mobile: 0045.20.75.35.58

e-mail: mads.vigh@arlafoods.com

For Bioresco Ltd.:

Dr. Albert Bar
Bundesstrasse 29

4054 Basel

Switzerland

Tel.: 0041.61.273.77.00
Fax.: 0041.61.273.77.03

e-mail: contact@bioresco.ch

2.5 Date of submission

February 9, 2005
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3. NAME AND CHEMICAL STRUCTURE, PHYSICO-CHEMICAL AND
CHEMICAL PROPERTIES, OCCURRENCE IN NATURE

3.1. Name and chemical structure

Common or usual name: D-tagatose

Synonyms: D-lyxo-hexulose, a-D-tagatose

CAS Registry Number: 87-81-0

EINECS No: 201-772-3

Empirical formula: CeH1206

Molecular weight: 180.16 daltons

Structural formula: D-Tagatose 1is an enantiomer of D-fructose

(inversion at C-4) (see Fig. 1)

3.2. Physico-chemical properties

Solubility in water (g/7100ml at 20°C): 160
Solubility in ethanol (g/100ml at 22°C):0.02

Specific rotation [aj? (1%, H.0): between -4° to -5.6°!
Melting point (°C): 133 - 137
Heat of solution (kJ/kg at 20°C): -42.3

On dissolution in water, D-tagatose mutarotates (initial [o]p, is +2.7°) (Karabinos,
1952). At equilibrium, the following tautomers are present: 71% o-pyranose, 15-18% B-
pyranose, 3-5% o-furanose, 8-9% B-furanose and about 0.3% keto-form (Wolff and Breit-
maier, 1979; Que & Gray, 1974).
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3.3. Other properties relevant to the use of D-tagatose as a

food ingredient

3.3.1. Sweetness

D-Tagatose in a 10% (w/w) aqueous solution has a sweetness of 92%
relative to that of sucrose (mneasured at 24°C) (Levin et al.,
1995).

3.3.2. Hygroscopicity

Crystalline D-tagatose has a low hygroscopicity, similar to that of

Sucrose.

3.3.3. Chemical stability

Like other sugars, D-tagatose 1i1s stable under the pH conditions

which are encountered typically in foods (pH >3). However, as a re-

ducing sugar, D-tagatose undergoes Maillard reactions.

3.3.4. Thermal stability

Under the temperature conditions applied typically during the proc-

essing and storage of food, D-tagatose is stable. However, like

other reducing sugars, D-tagatose caramelizes at elevated tempera-

ture.
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3.4. Occurrence i1n Nature

D-Tagatose was identified as a component of a gum exudate of the
cacao tree (Sterculia setigera) (Hirst et al., 1949). D-Tagatose
was also detected as a component of an oligosaccharide in lichens
of the Rocella species (Lindberg, 1955). In the bacterial metabo-
lism of lactose, D-tagatose may be formed from galactose by enzy-
matic isomerization (catalyzed by L-arabinose isomerase) (Szumilo &
Russa, 1982; Ilbrahim & Spradlin, 1993). D-Tagatose-1l-phosphate and
D-tagatose-1,6-diphosphate are ordinary intermediate products of
the lactose (galactose) metabolism of many bacteria (e.g., Staphy-
lococci, Streptococci) (Schleifer et al., 1978).

Heat-treated dairy products contain traces of D-tagatose because
small amounts of this sugar are formed from lactose at elevated
temperature. Sterilized cow milk and milk powder were found to con-
tain D-tagatose at concentrations between about 2 to 20 and 800
ppm, respectively (Troyano et al., 1991, 1996; Richards &
Chandrasekhara, 1960). D-Tagatose was also detected in yoghurt (29
ppm), milk-based infant formulae (two brands with 4 and 23 ppm, re-
spectively), and hot cocoa prepared with milk (two preparations
with 140 and 173 ppm, respectively) (Saunders, 1998).

As a by-product, D-tagatose occurs in lactulose syrup which is used
for regulating bowel function and for treating hepatic encephalopa-
thy. Commercial lactulose syrups were found to contain about 0.7 —
1% D-tagatose (Parrish et al., 1980; Beadle cited in Zehner, 1994).
It was estimated that in the US about 240,000 people ingest D-
tagatose at a level of 0.2 — 0.3 g/person/day from the use of two
common, lactulose-based OTC-preparations, Chronulac® and Cephulac®.
These products are sold in the US by Marion Merrel Dow since 1983
and 1976, respectively (Zehner, 1994).
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4. MANUFACTURING PROCESS

4.1. General aspects of D-tagatose production

D-Tagatose 1is produced from lactose in a two-step process. In the
first step, lactose is enzymatically hydrolyzed to galactose and glu-
cose. In the second step, the galactose is isomerized to D-tagatose
under alkaline conditions using calcium hydroxide as a complexant.
Calcium hydroxide shifts the isomerization equilibrium between galac-
tose and D-tagatose in the direction of D-tagatose because it forms
an insoluble complex with this sugar at elevated pH. In the precipi-
tated calcium complex, D-tagatose is protected and does not partici-
pate in side-reactions that usually occur with sugars under the ap-
plied alkaline conditions (pH 12). Treatment of the suspension with
carbon dioxide liberates D-tagatose by neutralizing the mixture and
by precipitating calcium as calcium carbonate.

4.2. Detailed description of the manufacturing process

The flow-scheme of the D-tagatose production process is shown 1in
Figure 2. The specifications of the raw material (lactose), all
chemical reagents used in the process, the 1on exchange resins, and

the immobilized lactase are presented in Annex 1.
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4.2.1. Dissolution of lactose and pH adjustment

Food-grade lactose is dissolved in hot water to the required con-
centration. A part of this solution is passed through a cation-
exchanger . Cations will be exchanged with
H+ and the pH thereby lowered . Untreated lactose so-
lution is mixed with this acidified lactose solution

For the regeneration of the resin, technical grade hydrochloric
acid 1s used.

4.2.2. Enzymatic hydrolysis

The lactose solution is pasteurized (>75°C, 15 sec), cooled with a
heat exchanger to 10°C and passed through a column containing Immo-
bilized lactase . The degree of lactose hydrolysis is
regulated by controlling the flow through the column. The iImmobi-
lized lactase must be replaced from time to time because the enzyme
looses activity over time (for description and safety data of the
applied immobilized enzyme, see Section 4.3, Annex 1, and Annex 2)

In order to avoid contamination of the immobilized lactase column
with microorganisms, the column is treated periodically

with a solution of acetic acid, potas-
sium sorbate and sodium benzoate. After exposure of the resin to
this solution for 5-10 hours, the column is washed extensively with

water .
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4.2.3. Evaporation

The hydrolyzed lactose solution is concentrated by evaporation us-

ing a plate heat evaporator.

4.2.4. Chromatographic separation of glucose and galactose

The concentrated solution is fractionated by simu-
lated moving bed chromatography using a cation exchange resin in
the Ca?* form
. Two fractions are collected, one which is rich in galactose
and one which contains the un-reacted lactose and most of the glu-
cose
. The lactose/glucose fraction is concentrated
by evaporation to a syrup for potential use in food and animal
feed.

For regeneration and cleaning of the ion exchange resin, a concen-
trated solution of calcium hydroxide or calcium chloride is passed
through the column.

4.2.5. Isomerization

The galactose fraction is cooled on a plate heat exchanger and
pumped into a stirred stainless steel reaction tank. A suspension
of technical-grade calcium hydroxide [Ca(OH).] is added

. This suspension may be produced by
dissolving dry Ca(OH), in water or by reacting technical grade cal-

cium oxide (Ca0) with water. The addition of Ca(OH), iIncreases the
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pH of the galactose solution

After completion of the isomerization step,

, the solu-
tion is transferred to column in which carbon dioxide is bubbled
through the solution iIn order to , precipi-
tate calcium carbonate and thereby release tagatose from the cal-

cium complex.
4.2.6. Press fTiltration
The precipitated calcium carbonate is separated from the neutral-
ized isomerization solution using a press Ffilter. Calcium carbonate
is washed and dried on the filter.
4.2.7. Demineralization
The D-tagatose containing filtrate is demineralized

- In
this step, which turns the dark-colored filtrate into an almost
colorless solution, charged reaction by-products are removed as

well.

For regeneration of the i1on exchange resins, concentrated solutions
of hydrochloric acid and sodium hydroxide are used.
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4.2.8. Evaporation

The Ffiltered and demineralized isomerization solution is concen-

trated on a plate heat evaporator.

4.2.9. Purification by chromatographic fractionation and decolora-

tion

The concentrated D-tagatose solution is fractionated by simulated
moving bed chromatography using a cation exchanger

. Two frac-
tions are collected, one which is rich in D-tagatose and one which
contains un-reacted galactose, residual glucose, as well as other
products formed during the iIsomerization process.

The D-tagatose containing fraction 1i1s decolorized by passing the
solution through a column containing granular activated carbon. The
decolorized solution is then passed through a sterile filter with a

pore size of 5 u.

4.2.10. Evaporation

The fraction containing D-tagatose is concentrated on a plate heat

evaporator.
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4.2.11. Crystallization

D-Tagatose is crystallized from the syrup in a continuous crystal-

liser.

4.2.12. Centrifugation

D-Tagatose crystals are removed from the mother liquor on a con-
tinuous screen centrifuge. The crystals are washed with water
through nozzles. The mother Uliquor is recycled to the chroma-
tographic purification step to minimize loss of
D-tagatose.

4.2.13. Continuous fluid bed drying

The centrifuged and washed crystals are dried on a standard con-

tinuous Tluid bed dryer. The obtained crystals have a dry matter
content of >99.8%.
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4.3. Safety of raw materials and chemicals used in the process

Food-grade lactose with a minimum purity of 99% is used as the start-
ing material (Specifications of lactose, all chemicals used iIn the
process, and the ion exchange resins are presented iIn Annex 1).

For the enzymatic hydrolysis of lactose, an immobilized lactase from

Aspergillus oryzae is used

, the resin
which 1s used as a carrier for the lactase complies with US food ad-
ditive regulations (21 CFR 173.357) and 1is acceptable for use in
food processes iIn the EU.

Food-grade acetic acid, potassium sorbate, and sodium benzoate are

used to treat the IML-resin iIn regular intervals. After treatment,

the IML column is rinsed extensively with water.

For separating galactose and glucose, the hydrolyzed lactose solution
is passed through a of cationic ion-exchange resin

The resin complies with the pertinent US regulations [21 CFR
173.25 (ion-exchange resins)] and the Council of Europe Resolution
AP(97)1. The resin is regenerated from time to time by treatment with
technical-grade calcium hydroxide [Ca(OH),] or technical-grade cal-

cium chloride (CaCl,) followed by exhaustive rinsing with water.
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Technical-grade calcium oxide (Ca0) or dry calcium hydroxide

[Ca(OH),] is mixed with water to produce a concentrated solution of
calcium hydroxide which is used for 1isomerizing galactose to D-
tagatose. D-Tagatose is liberated from its calcium complex by bub-
bling CO, (liquid carbon dioxide for food use) through the solution.

Cation and anion exchange resins are
used Tor demineralization of the Tiltered isomerization solution.
These resins comply with pertinent US regulations (21 CFR 173.25
(ion-exchange resins) and the Council of Europe Resolution AP (97)1.
The resins are regenerated with technical-grade hydrochloric acid
(HCI, 30%) and sodium hydroxide (NaOH, 27.65% solution), respec-
tively. After regeneration, the resins are rinsed exhaustively with

demineralized water.
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5. SPECIFICATIONS

5.1. Potential impurities

5.1.1. Impurities from raw material and process chemicals

The lactose which is used as the raw material, iIs >99% pure and thus
contains less than 1% of other components like peptides and minerals
originating from milk. All applied chemicals all of which are used as
processing aids, have a high purity and are low in heavy metals (for
specifications, see Annex 1).

5.1.2. Impurities from side-reactions

Some side reactions occur during the isomerization of D-galactose.
The reactions are well known because they occur commonly when mono-
saccharides (like D-fructose and D-glucose) are exposed to alkali.
Base-catalyzed cleavage of D-galactose results in the formation of D-
glyceraldehyde which can react with D-galactose or D-tagatose to form
C-9 aldol condensation products. Furthermore, D-galactose may undergo
base-catalyzed epimerization to D-talose. The aldol condensation of
two D-galactose molecules, or a D-galactose molecule and a D-tagatose
molecule, gives the respective C-12 aldol condensation products.
Beta-elimination reactions and various disproportionation reactions
that lead to the formation of more oxidized products (e.g., dicarbon-
yls, keto-acids, and carboxylic acids) are not expected to occur un-
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der the conditions of the process because the temperature is too low
and pH is not sufficiently high.

5.1.3. Purification steps

The cationic or anionic impurities are removed in the demineraliza-
tion step that follows the isomerization of D-galactose
. Any remaining inorganic salts would be detected in the test

for total ash. Lead would be detected by the specific test for lead.

The non-ionic impurities (e.g., galactose, talose, aldol condensation
products, extractives from IML resin and ion exchange resins) are re-
moved during the chromatographic purification and decoloration of the
demineralized isomerization solution and during
the crystallization of D-tagatose. Quantitatively, the most Important
carbohydrate by-product is D-galactose. Its content is determined in
the HPLC analyses which forms the basis for the Assay. HPLC analyses
of six batches of D-tagatose produced at pilot-plant scale demon-
strate that impurities other than galactose do not occur at detect-
able levels (see Annex 4).

Particulate matter that may originate from the 1ion-exchange resin
used for the separation of galactose and glucose, or from the isom-
erization step would be removed during the calcium carbonate precipi-

tation and the following press filtration .

Microorganisms that could be carried into the process with the raw
material (lactose) are unlikely to survive the production process
since 1t iInvolves pasteurization of the lactose solution (>75°C, 15

sec), heat treatment
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, exposure to alkali (pH
13) , and sterile Ffiltration after treatment with

granular charcoal .

5.2. Specifications

Complete specifications as adopted by JECFA at its 55" meeting and

amended at its 615 meeting are presented in Annex 3.

For the purpose of the safety assessment, the following purity crite-

ria are relevant.

Assay: Not less than 98% of D-tagatose’
Total ash: Not more than 0.1%
Lead: Not more than 1 ppm

JECFA did not deem it necessary to include purity criteria for other
heavy metals or microbiological parameters iIn the specifications of

D-tagatose.

Analytical data of six batches of D-tagatose produced in the factory

at Nordstemmen (Germany) are presented In Annex 4.

1 0n an anhydrous basis. Quantitatively the most important impurity of D-tagatose is D-
galactose.
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6. INTENDED USES IN FOODS

6.1. Nutritional benefits

Being more expensive to produce than sucrose, glucose or fructose, D-
tagatose is likely to be used not primarily for its sweetness® but

for its advantageous nutritional properties.

6.1.1. Noncariogenicity

It is generally accepted that a distinction between non-cariogenic
and potentially cariogenic foods and food ingredients can be made on
basis of plaque-pH tests in which the acid formation by human plaque
is measured during and for 30 minutes after consumption (De Paola,
1986). ITf the food can potentially deposit on the plaque surface, the
pH measurement must be made at the inner plaque surface, i.e., with
an indwelling electrode (Schachtele et al., 1986).

IT non-acidogenic (and thus non-cariogenic) food is to be distin-
guished from acidogenic (and thus potentially cariogenic) food on ba-
sis of a plaque-pH test, it 1s necessary to define a 'critical
plaque-pH". For the in-vivo method with measurement of the plaque-pH
by an indwelling electrode, a pH of 5.7 i1s considered to represent
the critical level. This value has been derived from studies on the
dissolution of tooth enamel by acids and it contains a safety margin
[Bossmann, 1977; Imfeld, 1983 (at p. 4)]- A comparison of plaque-pH

2 D-Tagatose was determined to be 92% as sweet as sucrose in a 10% (w/w) aqueous solu-

tion (Levin et al., 1995). At a concentration of 1%, it has a relative sweetness of
about 75% that of sucrose.
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tests and rat caries experiments on several sugars and sugar substi-
tutes supports the adequacy of this threshold value [Imfeld, 1983 (at
p. 85/86)].-

In the US, the Food and Drug Administration (FDA) issued a regulation
for the ™"does not promote tooth decay”™ claim iIn 1996, citing the
plaque-pH test with the indwelling electrode as the litmus test to
distinguish between non-cariogenic and potentially cariogenic foods.

This test was applied to D-tagatose in two studies. In the TFirst
study, six subjects wearing a partial prosthesis with a plaque-
covered, indwelling electrode rinsed for two minutes with 15 ml of a
10% aqueous solution of D-tagatose. No decrease of the plaque pH was
observed that could be attributed to a fermentation of D-tagatose
(Imfeld, 1996). In a subsequent study, it was examined whether the
plaque bacteria might acquire the ability to ferment D-tagatose upon
repeated exposure to this substrate. For this purpose, the same six
subjects rinsed five times per day (2 times 2 minutes per occasion)
during a 3-7 day period, during which plague accumulated on the in-
dwelling electrode. The thus conditioned plaque was then exposed
again to a test rinse with 10% D-tagatose solution. Again, a lowering
of the plaque pH due to a fermentation of D-tagatose was not observed
(Imfeld, 1998).

On the basis of these results, the US-FDA accepted that D-tagatose is
non-cariogenic [Fed. Reg., 68 (128): 39831-39833; 21 CFR§101.80].

The non-cariogenicity of D-tagatose forms the basis for its use in
chewing gum, soft and hard candies, table top sweeteners, (lactose-
free) chocolate and certain beverages which do not contain other,

fermentable ingredients.
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6.1.2. Reduced energy value

Owing due to its incomplete absorption, D-tagatose has a reduced
physiological energy value.

Estimation of the energy value of D-tagatose by the factorial method
gave a range of 1.1 — 1.4 kcal/g (Bar, 1998). In this method, the en-
ergy contributed by each metabolic step is evaluated separately tak-
ing into account data from all pertinent experiments (in vitro, 1in
vivo, in humans, in experimental animals). The factorial approach
also takes iInto account losses of energy which are caused indirectly
by the fermentation of D-tagatose [e.g., iIncreased fecal excretion of

biomass and non-bacterial mass (mucous secretions)].

The energy value of D-tagatose was also evaluated In two studies in
rats and one study in pigs. A net metabolizable energy value of -0.12
kcal/g was obtained for D-tagatose in the first rat study (Livesey &
Brown, 1996). This unexpectedly low value was attributed to an inter-
ference of D-tagatose with the absorption of sucrose which was pre-
sent in the basal diet, and/or to the relatively low amount of fer-
mentable fiber in the basal diet. The second rat study suggested an
energy value of about 1.2 kcal/g (Saunders, 1992). The pig study gave
an energy value of 1.4 kcal/g for D-tagatose (Jgrgensen & Laerke,
1998).

While the energy balance study iIn rats may offer the most precise ca-
loric value (Livesey & Brown, 1996), its accuracy may suffer from the
low fermentable fiber content and sucrose supplement of the basal
diet. Moreover, while the rat is an accepted model for human metabo-
lism, the pig may be better suited for studying the digestibility of
nutrients. The results of the factorial calculations are fully con-
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sistent with the energy value of 1.4 kcal/g observed iIn the pig
study. On these grounds, it appears justified to apply a rounded ca-
loric value of 1.5 kcal/g (6 kJ/g) for D-tagatose.

On basis of these data, the US FDA issued a no objection letter for
the use of a physiological energy value of 1.5 kcal/g for D-tagatose
(FDA, 1999).

It is clear that in the EU an energy value of 4 kcal/g applies to all
sugars and that the allocation of a different, lower value for D-
tagatose would require an amendment of the Nutritional Labeling Di-
rective (90/496/EEC) which is based on an assessment of the scien-
tific date by EFSA. It is not expected, therefore, that the ACNFP
speaks out on the caloric value of D-tagatose In its assessment of
this Dossier. Nonetheless, the applicant considered it appropriate to
inform the ACNFP about the benefit of a lower energy value of D-
tagatose, because this may form the basis for some food applications
of D-tagatose in future, such as table-top sweeteners.

6.1.3. Low glycemic impact

D-Tagatose and fructose are metabolized via the same biochemical
pathway. However, ingested fructose is absorbed quantitatively, while
D-tagatose 1i1s absorbed more slowly and incompletely (see Section
9.1.1).

The metabolism of D-tagatose and fructose yields D-glyceraldehyde and
dihydroxyacetone phosphate from which glucose may be synthesized.
However, the gluconeogenic potential of D-fructose is low as shown by
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its low glycemic index (Gl) of about 20 (relative to that of glucose
= 100). Considering the slow and incomplete absorption of D-tagatose,
its glycemic impact is expected to not exceed 5 (relative to that of
glucose = 100). This was confirmed in a study in which 12 healthy
people consumed 50 gram portions of tagatose or glucose, dissolved in
200 mL water, on different mornings whereupon changes in their blood
glucose and insulin levels were measured over a two-hour period. Com-
pared to glucose, which had glycaemic and insulinaemic responses of
100%, D-tagatose produced very low glycemic and insulinemic responses
of only 3%. Since the 50 gram dose of tagatose was not completely di-
gested and absorbed, these are relative glycemic responses for equal-
weight portions of the two sugars, rather than true GI and 11 values
(Sugirs, 2004).

In another human study in which the ingestion of 75 g D-tagatose was
tested, a corresponding result was obtained (Donner et al., 1996,
1999). In this study it was also found that D-tagatose had an attenu-
ating effect on the glycemic response of co-ingested glucose. This
effect was further examined iIn twelve subjects with elevated fasting
glucose levels (110-140 mg/dl). The glycemic and insulinemic response
was measured for a 3 hour period after intake of glucose (75 g), D-
tagatose (7.5 g) and a mixture of both. As expected, D-tagatose alone
did not evoke a significant glycemic or insulinemic response. If ad-
ministered together with glucose, D-tagatose lowered the glycemic in-
dex of glucose by about 20% (Madenokoji et al., 2003).

The very low glycemic impact of D-tagatose and its slight glucose-
blunting effect may be the basis for its use in certain cereal or

fruit bars and other foods designed for use in a low-glycemic diet.
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6.1.4. Prebiotic activity

While D-tagatose is not fermented by bacteria of the dental plaque,
not even after repeated exposure, certain members of the more varied
microflora of the intestinal tract are able to utilize D-tagatose as
a substrate. D-Tagatose fermentation appears to be particularly wide-
spread among Lactobacilli, Enterococci and other lactic acid bacteria
(Bertelsen et al., 2001).

Studies on the prebiotic activity of D-tagatose confirmed that D-
tagatose promotes the growth of lactobacilli and leads to an in-
creased production of butyrate which is considered to have a benefi-
cial trophic effect on the colonic mucosa (Jensen & Buemann, 1998,
Venema et al., 2004).

The prebiotic effect of D-tagatose may be the basis for its use in

breakfast cereals, cereal bars, meal replacements and yoghurt.

6.2. Applications

D-tagatose may be used like other sugars (sucrose, glucose, fructose)
as a sweet-tasting, nutritive substance. It differs from some of
these sugars by some of its physiological benefits (non-cariogenic,
prebiotic, low-glycemic, energy-reduced) but exerts the same secon-
dary, technological functions (depending upon application, for exam-
ple, as a bulking agent, humectant, texturizer and stabilizer). At
lower concentrations, D-tagatose enhances, like other sugars, the
flavor of certain foods and the "mouthfeel' of low-calorie beverages.
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Considering its nutritional and sensoric benefits and its technologi-
cal properties, D-tagatose iIs expected to be used iIn ready-to-eat ce-
reals, health bars and diet soft candies, diet soft drinks and diet
teas, coffee-based beverages and coffee drinks, low/non-fat ice cream
and frozen vyogurt, other flavored yoghurt, hard and soft candy,
smoothies, icings, formula diets, dietary supplements, table top
sweeteners and chewing gum. The use levels of D-tagatose in these ap-

plications and the functions that it fulfills, are presented in Table

1. The intakes of D-tagatose that result from each of these applica-
tion per eating occasion are presented In Annex 6 (Tables 2-10). A
complete discussion of the estimated daily intake (EDI) is presented

in Section 7.

6.2.1. Ready-to-eat cereals

D-Tagatose may be used for the production of pre-sweetened (i.e.,
ready-to-eat) breakfast cereals.

From a nutritional perspective, D-tagatose has value as carbohydrate
with a prebiotic effect. It is considered that an intake of about 3 g
D-tagatose in combination with the dietary fiber that is naturally
present in many breakfast cereals (about 4 g/100 g) and the lactose
that i1s present iIn the milk (about 4.5 g/100 ml) suffices to obtain
the iIntended prebiotic effect. The use level of D-tagatose iIn ready-
to-eat cereals is therefore limited to 3 g/serving. In terms of con-
centration this amount corresponds to a D-tagatose content of 20% in
cereals weighing <20 g per cup, 10% in those weighing between 20 and
<43 g per cup, 10% in high fiber cereals containing >28% fiber, and

5.45% in cereals weighing >43 g per cup and biscuit types. (Serving
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sizes of ready-to-eat cereals are based on their density as defined
in 21 CFR 101.12).

From a technological view point, D-tagatose offers some advantages
over sucrose and high-fructose syrups in the frosting of breakfast
cereals, such as a quick crystallization on the cereal flake and a

low hygroscopicity on storage.

At an intake of about 4.6 g D-tagatose with ready-to-eat cereals per
eating occasion for the average consumer (or about 7.6 g for the 90"
percentile consumer, the so-called '"heavy consumer'™) D-tagatose 1is
known to be well-tolerated (see section 9.3.1). Even children would
be expected to tolerate D-tagatose at the projected levels of intake
per eating occasion [3.2 (5.6) and 4.6 (7.4) for the average (90t
percentile) 2-5 and 6-12 year old child, respectively] without intes-
tinal symptoms (except perhaps some increased flatulence) as iIndi-
cated by a tolerance study of xylitol, another incompletely absorbed
carbohydrate (polyol), in 7-16 year old children and teenagers (Aker-
blom et al., 1981).

6.2.2. Carbonated and non-carbonated diet soft drinks, diet teas

and coffee drinks

In carbonated and non-carbonated diet soft drinks, diet teas and cof-
fee drinks, which are sweetened with intense sweeteners, the addition
of small amounts of D-tagatose offers some technological benefits.
First, D-tagatose exhibits a pronounced sweetness synergy with aspar-
tame. The addition of 0.2% D-tagatose permits beverage manufacturers
to lower the aspartame concentration in cola-type beverages by 40

ppm. At the envisaged maximum level of use (1%), D-tagatose could re-
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place 110 ppm aspartame. Second, D-tagatose accelerates the sweetness
onset. Third, it improves the "mouthfeel”™ and flavor profile (by re-
ducing bitter notes) of carbonated and non-carbonated diet soft

drinks, diet teas and coffee drinks.

At the maximum use level of 1%, the intake of D-tagatose with carbon-
ated diet soft drinks and diet teas would remain well within a range
that is tolerated without gastrointestinal symptoms (about 4 and 7 g
per eating occasion for the mean and 90Y" percentile user, respec-

tively).

6.2.3. Low-fat/non-fat ice cream, frozen yogurt

D-Tagatose may be used in frozen dairy-type products (ice cream, yo-
gurt) at a level of up to 3% for its prebiotic and flavor enhancing
effect. The addition of higher levels of D-tagatose is not feasible
as it would unfavorably affect the freezing process.

6.2.4. Diet and health bars, diet soft candy

D-Tagatose may be used as a bulk sweetener with prebiotic activity
for the production of low-fat or reduced-fat diet and health bars,
bars serving as a meal replacement, energy bars, nutrient fortified
bars, breakfast bars, and diet soft candies. At the (maximum) use
level of 10%, products belonging to this category provide an average
intake of D-tagatose per eating occasion of about 4.1 - 6.5 g which
in combination with other dietary fTiber typically present in this
type of products is considered sufficient for achieving the desired
prebiotic effect.
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D-Tagatose is also useful for formulating chocolate-type coatings of
diet and health bars, and diet soft candy because it is almost equi-
sweet with sucrose, has a low water content, and contributes posi-

tively to the chocolate flavor and taste.

6.2.5. Icings

D-Tagatose may be used at concentrations of up to 30% in icings (nhon-
fat glaze) as used typically on products such as cookies, pastries,
brownies, certain cakes, etc. It also will facilitate the formulation
of "lite" products and/or products which are positioned for use in a
diabetic diet. The low-hygroscopicity of D-tagatose will improve the
stability of the icing.

6.2.6. Hard candy and chewing gum

D-Tagatose is not fermented by the dental plague to a relevant extent
(Imfeld, 1996, 1998). Therefore, it may be used as a sweetener Iin
toothfriendly hard candy and chewing gum.

Since D-tagatose has a smaller "cooling effect'” than the monosaccha-
ride polyols (xylitol, sorbitol, mannitol) but has a higher sweetness
than the disaccharide polyols (isomalt, Hlactitol, maltitol) it is
particularly suited for use in fruit- or cinnamon-flavored chewing

gum. The maximum use level of D-tagatose in chewing gum is 60%.

For the production of stable hard candies, D-tagatose must be mixed

with compounds having a high glass-transition-temperature such as
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certain polyols or polydextrose. The use level of D-tagatose iIn hard
candies 1i1s limited to about 10-15% because at higher levels D-
tagatose will produce an undesirable, slightly "burning” aftertaste

like other monosaccharides (e.g., fructose).

The projected intake of D-tagatose from its application iIn hard can-
dies and chewing gum is not expected to produce significant gastroin-
testinal side-effects based on experience from the current use of
polyols which are used already as bulk sweeteners in confectionery at
similar or higher levels. In this regard it is important to note that
the use of D-tagatose will not iIncrease the total intake of incom-
pletely absorbed carbohydrates from chewing gum and hard candies but

rather will substitute for some of iIt.

6.2.7. Formula diets for meal replacement

Formula diets for meal replacement ('diets for weight control or
weight reduction') typically contain sucrose or fructose as a source
of carbohydrate (about 15-20 g per serving). From a nutritional per-
spective, i1t would appear useful to partially replace these carbohy-
drates by D-tagatose because of i1ts prebiotic and low-glycemic prop-

erties.

IT fermentable dietary fiber is absent from the formulation, about 5
g D-tagatose is required to achieve a prebiotic effect. This would
correspond to the replacement of about 25-30% of sucrose or fructose
by D-tagatose. 1If fermentable fiber is present, slightly lower addi-
tions of D-tagatose may suffice for achieving the intended prebiotic
effect.

EU Novel Food_MANU1_public_05_020804

387156



In protein-based drinks, the addition of 1% D-tagatose will reduce
the bitterness which is associated with certain sources of protein

and protein hydrolysates.

6.2.8. Baked goods

D-Tagatose can be used at levels of up to 2% iIn certain types of
baked goods to increase moisture, improve moisture retention and en-

hance the flavour of, for example, short breads and muffins.

6.2.9. Soft chewy candies

D-Tagatose contributes prebiotic properties to soft candies. Also, D-
tagatose supports the flavor development and facilitates production
by reducing the viscosity of the product mass.

6.2.10. Table top sweeteners

In combination with iIntense sweeteners D-tagatose enhances the sweet-
ness (synergistic effect), improves the flavor profile by reducing
bitterness, and shortens the sweetness onset-time. D-Tagatose is a
preferred carbohydrate in mixtures with intense sweeteners because it
provides only few calories and, unlike lactose or maltodextrin which
are usually used as carriers for intense sweeteners, 1is tooth-

friendly.

EU Novel Food_MANU1_public_05_020804

397156



6.2.11. Yogurt

D-Tagatose (3-5 g per serving) may be added to yogurts for its pre-
biotic properties. D-Tagatose is not fermented during the fermenta-
tion process. Its ability to improve the flavour profile of high iIn-
tensity sweeteners iIn diet fruit-type yogurts requires the addition
of only about 0.2 — 1%.

6.2.12. Food supplements
D-Tagatose can be used in the formulation of food supplements as it

has a reduced caloric content, is safe for teeth, has a prebiotic ef-
fect and has no glycemic impact.

6.3. Determination of D-tagatose in foods

D-Tagatose can be quantitated efficiently by HPLC with a Rl (refrac-
tive index) detection unit.

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

A detailed description of the HPLC method along with validation data
(analysis of D-tagatose in breakfast cereals, soft drink, chocolate

and 1ce cream) are presented in Annex 5.
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7. ESTIMATED DAILY INTAKE

The estimated daily intake (EDI) of D-tagatose from its different
projected uses in food (as specified in Table 1), excluding chewing
gum and food supplements, has been calculated for the US population
by ENVIRON (Arlington, VA) using the dietary survey approach (Annex
6). This calculation model relies on food consumption data from the
1994-96, 1998 Continuing Survey of Food Intakes by Individuals (94-
96,98 CSFIIl). In 94-96 CSFIl data were collected from a representa-
tive sample of individuals residing in households in the US. CSF98
was a supplemental survey of children (0-9 year old). Each individ-
ual was surveyed for two non-consecutive days using 24-hour recall
interviews. The foods consumed were coded according to a system
which contains about 6,000 different categories.

For the purpose of the present EDI calculation it was assumed that
each food (or food component) which may contain D-tagatose, iIndeed
contained D-tagatose at the highest, feasible concentration (as
specified In Table 1). Where D-tagatose was used in a component of
the food (e.g., iIn the icing), the intake of that component was
calculated from data on food composition.

The EDI of D-tagatose averaged over the two observation days and
expressed i1n g/kg bw/d was calculated for each food category 1in
which D-tagatose may be used, and for all these food categories
combined, except for chewing gum and food supplements for which in-
takes had to be estimated separately because the intake of these
products was not recorded in CSFIl (Table 2). Mean and 90" percen-
tile intakes were calculated for users of the following age groups:

2 years and older; preschoolers 2-5 years of age; elementary school
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children 6-12 years of age; teenagers 13-19 years of age; and the
adult U.S. population 20+ years of age. "Users' were defined as in-
dividuals who consumed food in the concerned category on at least
one occasion. Since food intake was recorded by time of day and by
eating occasion (breakfast, brunch, lunch, dinner, supper, snack,
and extended eating occasion), D-tagatose intake could also be cal-

culated per eating occasion of each observation day (Table 3).

The detailed results of these calculations are presented in Annex 6.
For the entire population, estimated exposure to D-tagatose from all
proposed uses, excluding chewing gum and food supplements, is 0.08
and 0.19 g/kg bw/day at the mean and 90™ percentile, respectively.
This corresponds to intakes of about 4.6 and 9.8 g/person/d for the
2-day average of the mean and 90" percentile consumer, respectively.
The subpopulation with the highest estimated exposure to D-tagatose
from all proposed uses, excluding chewing gum and food supplements,
is preschoolers (0.19 and 0.37 g/kg bw/d for the 2-day average of the
mean and 90" percentile user) (Table 2 and Annex 6).

A comparison between the intakes from the various food categories and
the total intake from all sources demonstrates that many uses are mu-
tually exclusive. In other words, a consumer of ready-to-eat cereals
is unlikely to eat a diet and health bar or frozen yogurt at the same
eating occasion. Consequently, the D-tagatose intake from all sources
is much smaller than the arithmetic sum of intakes from the different

food categories (Annex 6).

The data on D-tagatose intake per eating occasion demonstrate that
the consumption of D-tagatose is evenly distributed over the day (Ta-
ble 3). At no occasion levels are reached which would be expected to

produce gastrointestinal symptoms (see Section 9.3.1).
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The estimation of the D-tagatose intake from chewing gum of the
sugarfree type is based on a separate survey in which 1044 households
reported their one-day intake of regular and sugarfree gum by mail.
The survey, which was conducted in 1995, reveals that the average
number of pieces of (sugarless) gum consumed per day varies between
1.6 for preschoolers and 3.0 for teenagers (2.5 for the total popula-
tion) [Annex 6 (Table 23)]. With the weight per piece of gum varying

between 2-3 g and D-tagatose representing not more than 30% of the
gum, this corresponds to a D-tagatose intake of about 1.8 — 2.1 g/d
or 0.03 - 0.035 g/kg bw/d. [Slightly higher values are shown in Annex

6 (Table 23) because a standard serving size of 3 g was applied].

The intake of D-tagatose with food supplements, mainly in the form of
tablets, is unlikely to exceed 3 g/person/d. Since D-tagatose cannot
be directly compressed to tablets, it is likely to be used only in

mixture with other iIngredients such as lactose or sorbitol.
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8. REGULATORY STATUS AND EARLIER SAFETY ASSESSMENTS

8.1. United States

In the United States, a GRAS Notice was submitted to the Food and
Drug Administration (FDA) on May 11, 2001. The GRAS Notice was sup-
ported by the report of a panel of independent experts which con-
cluded that D-tagatose under the intended conditions of use, re-
sulting iIn an estimated intake of 6.6 g/person/day at the mean and
14_.9 g/person/day at the 90" percentile, presents no risk to human
health and is "generally recognized as safe" ("'GRAS"™) based on sci-
entific procedures. On October 25, 2001, the FDA informed Arla that
the agency has no questions regarding Arla®s conclusion that D-
tagatose is GRAS under the intended conditions of use (FDA, 2001).

Already prior to the review of the safety data, the FDA examined a
request to permit a physiological energy value of 1.5 kcal/g for D-
tagatose. On October 25, 1999, the FDA issued a no objection letter
for the use of 1.5 kcal/g in calculating the caloric value of D-
tagatose (FDA, 1999).

On January 9, 2002, Arla petitioned the FDA to amend 21 CFR 101.80
to authorize a non-cariogenicity dental claim for D-tagatose. Based
on the available evidence, the FDA concluded that there was enough
scientific agreement to indicate that D-tagatose does not promote
dental caries. The interim rule, published in Fed. Reg. Vol. 67,
Number 231, p. 71461-71470, was adopted by the FDA in July 2003
without change.
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8.2. Korea

In 2003, the Korean Food & Drug Administration (KFDA) evaluated
Arla®s petition to authorize the use of D-tagatose in foods. On July
23, 2003, the KDFA issued a letter according to which the use of D-
tagatose is allowed iIn the processing and manufacturing of food prod-

ucts.

8.3. Australia /7 New Zealand

An application to permit the use of D-tagatose as a novel food inge-
dient was submitted to Food Standards Australia/New Zealand (FSANZ)
in July 2002. FSANZ 1issued a favorable Final Assessment Report 1in
February 2004.3

On this basis, D-tagatose was then added to Standard 1.5.1 (Novel
Food) for unrestricted use iIn foods. In addition, D-tagatose was in-
troduced iIn Standard 1.2.8 (Nutrition Information Requirements) with
an energy value of 11 kJ/g (Gazette Food Standards, No. FSC 12, 29
April 2004).

8.4. JECFA

D-Tagatose was evaluated by JECFA at its 55, 57", 615t and 63" meet-
ing. An ADI '"not specified" was allocated at the 63" meeting (June
2004) (WHO, 2001, 2002, 2004a,b). The uses and the resulting EDI
which were considered by the Committee, correspond to those presented
in Sections 6 and 7 of this Dossier.

® http://www.Foodstandards.gov.au/ srcfiles/A472 D tagatose FAR.pdf.
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9. BIOLOGICAL DATA

9.1. Biochemical aspects

D-Tagatose is absorbed by passive diffusion. Since D-tagatose does
not interfere with the absorption of fructose, there appears to be no
binding of D-tagatose to the carriers (GLUT 5 and GLUT 2) that ac-
count for the so-called facilitated diffusion of fructose through the
intestinal mucosa (Crouzoulon, 1978; Sigrist-Nelson & Hopfer, 1974;
Tatibouét et al., 2000).

9.1.1. Absorption, distribution and excretion

9.1.1.1 Rats

The absorption, distribution and excretion of D-tagatose was examined
in rats using [U-'C]-labeled D-tagatose (Saunders et al., 1999b).
Upon intravenous administration of the radio-labeled D-tagatose at a
dose of 620 mg/kg bw, about 36.6% of “C was recovered in respiratory
CO2, 42.6% in urine, and 4.8% in feces. Additional small amounts were
detected in the intestinal contents (0.5%), selected tissues (1.-2%)
and the remaining carcass (6.2%) (rats were Kkilled 48 hours after
dosing). The disposition of orally administered !*C-D-tagatose was
studied In germfree and conventional rats that had not been treated
with D-tagatose before, and in conventional rats who had been adapted
to D-tagatose by receiving a diet with 10% of this sugar for 28 days
before dosing. In the germfree rats (n=2), 21.8% of the *C was de-

tected in the respiratory CO,, 3.8% in the urine, and 6.2% in tissues
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and the carcass (animals were killed 24 hours after dosing). Together
these percentages account for 31.8 of the dose representing the ab-
sorbed fraction. 63.4% of the administered dose was found in the in-
testinal contents and feces, representing the unabsorbed fraction.
The conventional, not adapted rats (n=3) excreted 49.4% of the admin-
istered **C with respiratory CO, 5.8% with the urine and 28.7% with
feces. 8.8% remained in tissues and the carcass (animals were Killed
72 hrs after dosing). The conventional, adapted rats (n=4) exhibited
a somewhat higher “C expiration (67.9%) than the not adapted rats, a
similar urinary excretion (5.2%), a lower fecal excretion (11.4%),
and a similar retention in tissues and the carcass (6.2%).-

While the number of animals in this study was small, the obtained
values give a consistent picture of the disposition of D-tagatose,
which closely resembles that of polyols. The findings in the germfree
rats demonstrate that the intestinal absorption of ingested D-
tagatose i1s incomplete. In the germfree rats about 30% of the admin-
istered D-tagatose was absorbed. In a study of D-psicose, a stereo-
isomer of D-tagatose which has identical diffusion properties but 1is
not metabolized iIn the mammalian organism, an intestinal absorption
rate of 25% was observed in conventional rats Whistler et al.,
1974) . The seemingly slightly higher absorption of D-tagatose was ex-
plained by a possible absorption of D-tagatose also in the more dis-
tal gut segments of the germfree rats. The appearance of *C in the
respiratory CO, of intravenously dosed rats and orally dosed germfree
rats demonstrates that the absorbed D-tagatose is readily metabolized
(via the glycolytic pathway as shown below). From the expiration of
about 14% of the radiolabel within 6 hours after dosing in germfree
rats, it may be estimated that about 20-23% were absorbed (typically
about 60-70% of C atoms of absorbed and metabolized carbohydrates are

expired as CO, within a few hours). The higher excretion of %CO, in
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adapted rats compared to not adapted, conventional rats is the result
of a faster and more complete fermentation of unabsorbed D-tagatose
by the intestinal microbiota. This notion is supported by an examina-
tion of the time course of respiratory #CO, appearance. In adapted
rats, '%CO, appears at a fast rate, reaching a maximum at about 3
hours after dosing, while in not adapted rats the C0, expiration
follows a more protracted time course and does not reach as high lev-

els as iIn the adapted rats.

9.1.1.2 Pigs

The absorption of D-tagatose from the small intestine was measured iIn
pigs adapted and un-adapted to a diet containing D-tagatose. The for-
mation of short-chain fatty acids (SCFAs) from D-tagatose by the in-
testinal microflora of the adapted pigs was examined as well (Jensen
& Laue, 1998). Seventeen male castrated pigs were surgically fitted
with cannulas in the portal vein, a mesenteric vein, and a mesenteric
artery. Animals were fed a diet with 20% sucrose for 7 days, at which
time blood samples were taken. On day 10, the pigs were switched to a
diet with 20% D-tagatose and blood samples were taken again. After 7
days on the D-tagatose diet, blood samples were taken once more (day
17). The diets were administered twice daily. On the examination
days, p-aminohippuric acid (PAH) was infused continuously in the mes-
enteric vein to determine portal vein blood and plasma flow. Blood
samples were collected simultaneously from the mesenteric artery, the
mesenteric vein, and the portal vein before the first feeding in the
morning, every 30 minutes for 4 hours after feeding, and every 60
minutes thereafter to 12 hours. The samples were analyzed for D-
tagatose, SCFAs (i.e., acetate, propionate, butyrate, etc.), PAH, and
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hematocrit. Urine was collected during the 12 hour experimental pe-

riod and analyzed for D-tagatose.

In adapted and not adapted pigs, the D-tagatose concentration iIn-
creased in the portal vein blood shortly after feed intake reaching a
maximum after 90-150 minutes. The D-tagatose concentration in the ar-
terial blood reached a level of nearly 75% of that of the portal vein
blood, indicating a low clearance of D-tagatose on Tfirst passage
through the liver. D-Tagatose levels decreased after 150 minutes and
returned to baseline levels after about 10 hours. Both adapted and
not adapted animals had the highest absorption of D-tagatose 1-3
hours after feeding. Adapted animals absorbed 32 to 85 grams of D-
tagatose per Kkilogram of feed, equal to 16% to 43% of ingested D-
tagatose (mean: 27.6%). Not adapted animals absorbed 34 to 68 grams
of D-tagatose per kilogram of feed, equal to 17% to 36% of iIngested
D-tagatose (mean 26.3%). The urinary excretion of D-tagatose ranged
between 3% and 7% of iIngested D-tagatose iIn adapted and not adapted
animals. About 18% (range 11% to 36%) of the absorbed D-tagatose was
excreted i1In urine, with no significant difference between not adapted
and adapted pigs.

The analyses of the blood samples for SCFAs showed that there were no
changes in portal or arterial concentrations after intake of the su-
crose diet. However, intake of D-tagatose produced changes in blood
SCFA concentrations. Particularly pronounced was the increase of bu-
tyric acid concentrations which reached five times higher levels af-
ter intake of the tagatose diet (for additional data on large intes-

tinal fermentation, see section 9.1.2.2).

In another study with pigs, the disappearance of iIngested D-tagatose

from the small intestine was calculated from analyses of the intesti-
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nal contents for D-tagatose and a not absorbed marker (chromium ox-
ide). The data indicated that about 26% of ingested D-tagatose had
disappeared from the digesta (by absorption and some minor bacterial
fermentation) by the time they had reached the distal third of the

small intestine (Laerke & Jensen, 1999).

9.1.1.3 Humans

In humans, the absorption of D-tagatose cannot be measured di-
rectly. However, human data on the absorption of L-rhamnose provide
a good basis for an estimate. L-Rhamnose (6-deoxy-D-mannose) has a
slightly lower molecular weight and 1is slightly more lipophilic
than D-tagatose. Since the rate of passive diffusion of a substance
through the intestinal mucosa is determined by its molecular volume
and lipophilicity (Hamilton et al., 1987), the intestinal absorp-
tion of L-rhamnose i1s expected to be somewhat higher than that of
D-tagatose. The absorption of ingested L-rhamnose can be determined
quantitatively from its urinary excretion because L-rhamnose i1s me-
tabolized only slowly and thus incompletely. In humans and dogs,
about 70% of an intravenous dose of L-rhamnose 1is excreted un-
changed with the urine (Jenkins et al., 1994; Bjarnason et al.,
1994; Hall & Batt, 1996). Studies in humans show that not more than
about 12 - 17% of ingested L-rhamnose (single doses of 0.5-5 g) 1is
excreted with the urine within 5 to 10 hours of ingestion (Dela-
hunty & Hollander, 1987; Maxton et al., 1986; Howden et al., 1991;
Bjarnason et al., 1991, 1994; Mooradian et al., 1986; Menzies et
al., 1990). Consequently, not more than about 17 - 24% of ingested
L-rhamnose is absorbed. Since the absorption of D-tagatose most
probably is somewhat lower than that of L-rhamnose, the fractional

absorption of D-tagatose in humans will hardly exceed 20%.
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This value is not in line with the result of a study in which the
absorption of D-tagatose was examined in 1ileostomic patients. In
this study, only about 20% of ingested D-tagatose (15 g) was recov-
ered from the 24-hour ileal effluent (Normén et al., 2001). This
result was iInterpreted by the authors as iIndicative of an 80% iIn-
testinal absorption. However, similarly high absorption rates were
suggested earlier also for sorbitol, maltitol and isomalt from
studies in ileostomates although there 1is strong evidence that
these polyols are poorly digested and absorbed (Langkilde, 1994;
Bar, 1990). Inconsistent results also were reported from a study on
the absorption of L-rhamnose in ileostomic patients. After intake
of 1 g L-rhamnose, 17.6% of the ingested dose was recovered iIn the
24-hour urine, suggesting an absorption of about 25%. On the other
hand, 51.1% of the ingested dose was detected in the total ileal
effluent suggesting an absorption of nearly 50% (Jenkins et al.,
1994). Different factors have been invoked for explaining such ex-
cessive absorption rates in ileostomic patients, such as fermenta-
tion of the test compounds by the small-intestinal microflora
(e.g-., by fTilaments which are firmly attached to the mucosa), iIn-
complete analytical recovery of the test compound from the ileal
effluent, and altered permeability of the intestinal mucosa. Al-
though a definitive explanation is not yet available, it appears
that the i1leostomate model has a limited value for determining ab-
sorption rates of malabsorbed monosaccharides and polyols.

Indirect evidence for the iIncomplete absorption of D-tagatose in hu-
mans is provided by the results of studies on the intestinal toler-
ance of this sugar. A single dose of 20 g D-tagatose resulted in the
same mild intestinal side-effects (e.g., flatulence) as a single dose

of 20 g lactitol, a not absorbed disaccharide sugar alcohol (Lee &
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Storey, 1999). An increased expiration of H;, an iIndicator of colonic
fermentation of malabsorbed carbohydrates, was observed after inges-
tion of 29 g D-tagatose (Buemann et al., 1998).

9.1.2. Biotransformation

9.1.2.1 Metabolism in the mammalian organism

The metabolism of absorbed D-tagatose proceeds along well established
biochemical pathways.

In vitro studies with enzyme preparations and isolated hepatocytes
demonstrate that, in the Ffirst step, D-tagatose is phosphorylated to
D-tagatose-1-phosphate by fructokinase in the presence of ATP. Fruc-
tokinase has a higher affinity to fructose than to D-tagatose (San-
chez et al., 1971; Raushel & Cleland, 1973, 1977). However, the dif-
ference of the K, for phosphorylation has probably no practical con-
sequence fTor the intracellular formation of fructose-1-phosphate or
tagatose-1-phosphate in vivo because the K, for the cellular uptake
of fructose (and presumably also D-tagatose) is substantially higher
[1.e., the cellular uptake 1is rate-limiting for the phosphorylation
at physiological concentrations of fructose and D-tagatose (<1 mM)]
(Sestoft & Fleron, 1974; Baur & Heldt, 1977; Okuno & Glieman, 1986).

In the second step, D-tagatose-l-phosphate 1i1s split to D-
glyceraldehyde and dihydroxyacetone-phosphate, 1.e., the same inter-
mediate products that result from the catabolism of fructose. A com-
parison of the gluconeogenesis from D-fructose and D-tagatose iIn i1so-
lated hepatocytes 1indicates that the cleavage of D-tagatose-1-
phosphate occurs at about half the rate of that of D-fructose-1-

EU Novel Food_MANU1_public_05_020804

52/156



phosphate (Rognstad, 1975, 1982). The lower affinity of aldolase B
for tagatose-1l-phosphate is also evidenced by a longer lasting reduc-
tion of ATP and P; levels in hepatocytes incubated in with D-tagatose
(as compared to fructose), and by a lower glycolytic rate for D-
tagatose (about 25-60% that of fructose) as measured by the formation
of lactate and pyruvate from these two sugars (Vincent et al., 1989;
Martinez et al., 1982, 1987; Zeid et al., 1997).

Despite the lower affinity of aldolase B for tagatose-l-phosphate,
the intracellular concentration of this metabolite remains small. Af-
ter ingestion of 30 g D-tagatose the liver concentration of D-
tagatose-1-phosphate did not exceed 1 mM in healthy human volunteers
(Buemann et al., 2000a).

While tagatose 1,6-diphosphate also serves as a substrate for aldo-
lase (Lardy, 1951; Totten, 1949), no enzyme has been described that
could phosphorylate D-tagatose-1-phosphate to D-tagatose-1,6-
diphosphate in the animal organism. Since there is no evidence for an
enzyme (hexokinase) that could phosphorylate D-tagatose to D-
tagatose-6-phosphate (Michalcakova et al., 1986), the phosphorylation
by phosphofructokinase of D-tagatose-6-phosphate to D-tagatose-1,6-
diphosphate has no practical implications either (Fishbein et al.,
1974; Koerner et al., 1976).

It follows from these observations that D-tagatose and D-tagatose-1-
phosphate are the only new molecular species to which the animal body
is exposed upon ingestion of this sugar. After the initial phosphory-
lation step, the metabolism of D-tagatose converges with that of
fructose. The formation of D-tagatose-l-phosphate occurs mainly in
the liver and kidney, and to a smaller extent the intestinal mucosa

and the pancreatic islet cells because fructokinase was found only in
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these organs (Mayes, 1993; Malaisse et al., 1989; van den Berghe,
1986).

The formation of D-tagatose-l-phosphate was observed directly and
non-invasively by magnetic resonance spectroscopy (MRS) of the human
liver (Buemann et al., 2000a). Following ingestion of a single 30-g
dose of D-tagatose, 3'P-MRS revealed the formation of D-tagatose-1-
phosphate reaching a maximum concentration of about 1 mM within 30-60
minutes. After about 150 minutes, the D-tagatose-l-phosphate had dis-
appeared. As a consequence of the phosphorylation of D-tagatose, the
concentration of ATP decreased transiently by about 11%.

9.1.2.2 Fermentation In the large intestine

The unabsorbed portion of ingested D-tagatose is fermented nearly
completely in the large intestine by intestinal microorganisms to
SCFAs which then are absorbed almost completely. No D-tagatose was
found iIn the feces of pigs after ingestion of this carbohydrate
(Laerke & Jensen, 1999; Jorgensen & Laerke, 1998). In adapted rats,
about 2% of an oral dose of !¥C-D-tagatose was recovered unchanged
from the feces (Saunders et al., 1999Db).

The i1n vitro fermentation of D-tagatose by intestinal microbiota of
pigs and humans yielded acetate, propionate and butyrate as the
main SCFA end-products. Formate, caproate, valerate and lactate
were also detected. Isobutyrate, isovalerate and heptanoate were
only produced in very small amounts, if at all. Carbon dioxide,
methane and hydrogen were the gaseous products of D-tagatose fer-
mentation (Laerke et al., 2000; Jensen & Buemann, 1998). A compari-

son of the SCFAs produced by the human fecal microflora from D-
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tagatose and sucrose reveals no pertinent differences (i.e., the
profile of SCFAs produced from these two substrates is qualita-
tively and qualitatively similar) (Jensen & Buemann, 1998). In this
regard, it also made no biologically meaningful difference whether
or not the subjects were adapted to tagatose (30 g/d) for a period
of 14 days prior to feces collection (Jensen & Buemann, 1998). How-
ever, the adaptation to D-tagatose appeared to lead to a faster
fermentation of D-tagatose and somewhat higher Tformation of bu-
tyrate in humans and pigs (Jensen & Buemann, 1998; Larke & Jensen,
1999b).

Since the formed SCFAs are absorbed quite rapidly and completely in
vivo, only small concentrations can be detected in the digesta or
in the feces of humans and pigs (Jensen & Buemann, 1998; Jgrgensen
& Laerke, 1998; Laerke & Jensen, 1999).

In an investigation of the capability of 34 different human intes-
tinal bacteria to utilize D-tagatose as the sole carbon source un-
der anaerobic conditions, it was found that only 5 strains could
degrade D-tagatose. None of the 11 strains of pathogenic enteric
bacteria had this ability. D-Tagatose fermenters included Clostrid-
ium innocuum, Enterococcus faecalis and Lactobacillus sp. A subse-
quent examination of bacteria which are used iIn the dairy industry
confirmed that D-tagatose fermentation is widespread among Lactoba-
cilli, Enterococci and other lactic acid bacteria (e.g., Lactococ-
cus, Pediococcus, Leuconostoc) (Bertelsen et al., 2001). This ob-
servation is iIn line with the result of a human study in which the
daily ingestion of D-tagatose (10 g three times daily for 13 days)
was found to iIncrease the density of lactobacilli and lactic acid
bacteria in the feces (Jensen & Buemann, 1998). Since the density

of Bifidobacteria, which are unable to fermentate D-tagatose, re-
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mained unchanged, this increase is likely to be the result of the
metabolic advantage that D-tagatose fermenting bacteria had under
the conditions of the study, and not the unspecific consequence of

a lower fecal pH.

9.2. Toxicological studies

9.2.1. Acute toxicity

A single dose of D-tagatose (10 g/kg bw) was administered by gavage
to 10 rats (5 per sex) and 5 male mice. One rat died iImmediately
post-dosing due to a dosing accident (confirmed at necropsy). Other-
wise no mortalities occurred and there were no reactions or behav-
ioral changes to the treatment. Body weights increased during the 3-
14 day observation period after dosing (Trimmer, 1989).

9.2.2. Short-term studies of toxicity

9.2.2.1 Sprague-Dawley rats

Groups of 20 approximately 6-week old Sprague Dawley rats of each sex
were fed diets containing D-tagatose at concentrations of 0, 5, 10,
15 or 20%. An additional control group received a diet with 10% fruc-
tose and 10% cellulose (“isocaloric control group™). The individually
housed animals were examined daily for clinical signs of toxicity;
body weights and food consumption were recorded in weekly intervals.
An ophthalmoscopic examination was performed on all animals prior to
start of the treatment and during the final week. Standard hemato-

logical and clinical chemical parameters were measured in blood sam-
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ples collected at termination. Urinary parameters were not examined.
Rectal temperature was measured prior to killing. Animals were killed
after at least 90 days of treatment (animals were fasted over night
prior to killing). All animals were subjected to gross necropsy. The
absolute and relative weights of main organs were determined. Organs
and tissues were preserved for histopathological examination. The mi-
croscopic examination was done on all tissues and organs of all ani-
mals of the 0O and 20% D-tagatose groups, the isocaloric control
group, two animals of other groups that died spontaneously during the
study, and those organs and tissues that exhibited changes at gross
necropsy. In addition, the livers of six randomly selected ani-
mals/sex/group from all groups except the isocaloric control group
were sectioned and stained for glycogen with periodic acid-Schiff re-
agent (PAS). However, only sections of the control and high dose ani-
mals were examined microscopically for glycogen because there were no
differences of liver glycogen between these two groups.

With the exception of soft stools which most animals of the 15 and
20% dose group exhibited from day 1-3, there were no clinical signs
or reactions that could be attributed to the treatment. Three animals
died spontaneously for undetermined causes during the study (one rat
of each the 10, 15 and 20% dose group). All groups gained weight dur-
ing the study but mean body weights were slightly yet significantly
below control levels iIn the 15 and 20% dose groups on some occasions.
At the end of the treatment period, body weights of the 20% dose
group were about 10% below those of the control group (0% dose
group). The difference compared to the 1isocaloric control group was
smaller although the animals of this group consumed more food to com-

pensate for the lower caloric density of their diet.
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The hematological examination revealed slight yet statistically sig-
nificant reductions of hemoglobin, hematocrit, mean corpuscular vol-
ume, and mean corpuscular hemoglobin in males and females of the 15
and 20% dose groups. Minor changes of these parameters in other dose
groups or of other hematological parameters occurred in one sex only.
Differential white blood cell counts did not differ between treated
and control animals. With the possible exception of serum alanine
aminotransferase, which was slightly reduced, and serum cholesterol,
which was increased in the 15 and 20% dose groups (as compared to the
0% control group), there were no dose-related changes that occurred
in either sex. Total serum protein, albumin, and triglycerides were
increased in males of the 15 and 20% dose groups but not even a trend
for such changes was detected among females. Rectal temperatures were
within the normal range and did not reveal biologically meaningful
differences between dose groups. On ophthalmoscopic examination, all
animals of the 20% dose group were found to be free of abnormalities.

The absolute and relative weight of livers were increased in males
and females of the 10, 15 and 20% dose groups. At the 5% dietary
level corresponding to a dose of 3.7 and 4.1 g/kg bw/d for male and
female rats, respectively, absolute and relative liver weights did
not differ significantly from those of the control groups. A number
of other, statistically significant, yet in absolute terms smaller,
changes of relative organ weights were detected. The increases of
relative brain and testes weights were not confirmed by corresponding
changes of absolute organ weights and are likely to be a consequence
of the lower body weight in the 15 and 20% dose groups. The same ap-
plies most probably for the increased relative (but not absolute)

heart, spleen and kidney weights.
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The observation of iIncreased relative weights of the brain, testes,
kidneys, spleen, and heart (males) in rats fed a diet with 20% lacti-
tol or 25% lactose for 13 weeks supports the notion that the observed
organ weight changes (except for the liver) are of an unspecific na-
ture (Sinkeldam et al., 1992). Since the feeding of high doses of D-
tagatose (and other low digestible carbohydrates) is associated not
only with a slight decrease of body weights, but also with an in-
crease of the lean-to-fat body mass ratio (Lina & de Bie, 2000d;
Saunders, 1992; Livesey & Brown, 1996; Grenby, 1985), it is conceiv-
able that changes of relative organ weights would not be seen (or, in
the case of the liver, would become somewhat smaller) if the lean
body mass (rather than the total body weight) was applied as normal-
izing factor. The decrease of relative weights of the epididymal fat
pads is another consequence of a smaller fat deposition in response
to the treatment.

On gross necropsy, a 'thickened" liver was noted In 4 and 5 males of
the 15 and 20% dose group, respectively. All other observations oc-
curred in a few animals only and did not exhibit any association with
the treatment. Histopathological examination of organs and tissues
did not reveal any changes that could be attributed to treatment ex-
cept for the occurrence of hepatocellular hypertrophy in the 15% dose
group (4720 males and 4/20 females) and the 20% dose group (7720
males and 11/20 females). This effect was characterized microscopi-
cally by a prominence of centrilobular areas of the liver lobules due
to a minimal increased size (hypertrophy) of centrilobular hepato-
cytes. The affected hepatocytes had a more dense eosinophilic cyto-
plasm. Microscopic examination of the PAS-stained liver sections
showed variability in the amount and distribution of hepatocellular
glycogen that was, however, not influenced by the treatment. There

was no discernible difference in the levels of glycogen that remained
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in the livers after the overnight fasting period prior to killing
(Trimmer et al., 1993; Kruger et al., 1999c).

9.2.2.2 Wistar rats

In order to gain insight into the time-course and longer term conse-
quences of D-tagatose induced liver enlargement, groups of 60 male
Wistar rats received diets containing 0, 5 and 10% D-tagatose, 20%
fructose, and 10% D-tagatose + 10% fructose for a period of up to 6
months. At the start of the study, the rats were about 10 weeks old.
Ten rats of each group were killed on day 3, 7, 14, 28, 94 and 182 of

the study after an overnight fasting period.

The group-housed animals were examined daily for clinical signs of
toxicity; body weights were recorded in weekly intervals and at ne-
cropsy. Food consumption was recorded weekly during the Tfirst 13
weeks and then for a one-week period every month. A number clinical-
chemical parameters were analyzed in plasma which was collected from
all rats at necropsy. These parameters included liver enzymes (ALP,
ASAT, ALAT, GGT), lipids (cholesterol, triglycerides, phospholipids),
bilirubin, albumin, globulin, total protein, and inorganic phosphate.
After killing, the rats were subjected to gross necropsy. The livers
were removed and weighed. A representative part of the liver was used
for standard histopathological examination (H&E stained sections). An
other part of the liver was used for measurement of nuclear density
and determination of the BrdU labeling index (60 mg BrdU/rat was in-
jected at 6 pm of the day prior to killing).

The remaining part of the liver was weighed, lyophilized and pow-

dered. Aliquots of the liver powder were analyzed for total protein,
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total lipids, glycogen, free glucose, and DNA. Moisture content was
not determined. For determination of carcass composition, the content
of the intestines were removed. The carcasses (without liver but with
the empty intestines) were weighed, lyophilized, weighed again, and

analyzed for ash, total protein, and total lipids.

There were no clinical signs or reactions that could be attributed to
the treatments. One animal of the 10% D-tagatose group died spontane-
ously in week 20 for an undetermined cause. There were no noticeable
differences of food intake between the groups except during the First
week of the study during which animals of the 10% D-tagatose and 10%
D-tagatose + 10% fructose group consumed a significantly smaller
amount then the controls. The body weights were also slightly de-
creased iIn these two groups throughout the entire study. The analyzed
plasma parameters did not reveal changes that could be attributed to
the treatments. Absolute and relative liver weights did not differ
between treated groups and controls at any time. The microscopic ex-
amination of Hlivers did not reveal any treatment-related histopa-
thological changes. The BrdU labeling index and nuclear density of
liver tissue was not affected by the treatment.

The protein, lipid, glycogen, glucose and DNA contents of the
(fasted!) livers (calculated in g/g wet liver) did not exhibit con-
sistent changes that would be suggestive of a treatment-related ef-
fect. A significantly lower carcass weight was noted in the 10% D-
tagatose and 20% fructose group. The fat content was significantly
decreased iIn the 5 and 10% D-tagatose groups and in the 10% D-
tagatose + 10% fructose group. It was concluded that the administra-
tion of D-tagatose at a dietary level of 10% (corresponding to an av-
erage dose of 5.8 g/kg bw/d for the first four weeks of the study and
4.8 g/kg bw/d for the entire 6-month period) was not associated with
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any adverse effects on liver weight, liver function (as shown by
clinical-chemical parameters), and liver morphology of Wistar rats
(Lina & de Bie, 2000d).

9.2.2.3 Pigs

In the context of an energy balance study in pigs, four groups of two
pigs each received for a period of 33 days either a regular pig diet
(group 1), the diet with the addition of 20% sucrose (group 2), 20%
D-tagatose (group 3), or a mixture of 10% sucrose and 10% D-tagatose.
In group 3 (20% D-tagatose) the daily intake of D-tagatose was about
5 g/kg bw during the 33-day feeding period. Samples of liver tissue
were collected at termination (about 6 h after the last meal) and
were processed for electron microscopic examination. A few necrotic
cells were seen in the control group. No ultrastructural changes were
observed i1n the groups receiving D-tagatose (Mann, 1997).

9.2.3. Long-term toxicity/carcinogenicity tests

A 24-month chronic toxicity and carcinogenicity study was conducted
in Wistar rats (HsdCpb:WU strain). Six groups of 50 rats/sex each re-
ceived diets with 0, 2.5, 5 and 10% D-tagatose, 20% fructose, and 10%
D-tagatose + 10% fructose. The additions of D-tagatose and fructose
were made at the expense of pregelatinized potato starch. Body
weights and food consumption were measured in regular intervals. Oph-
thalmoscopic examinations were conducted at start of the study and
after 12 and 24 months of treatment. Hematological and clinical-
chemical parameters were analyzed after 6 and 12 months and at termi-

nation of the study. All animals found dead or killed in extremis
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during the study or killed at termination were subjected to detailed
macroscopic examination. The determination of organ weights was lim-
ited to the liver which was the main target organ for this study, as
well as the adrenals, kidneys, testes and cecum which are known to
exhibit weight changes in relation to the feeding of low-digestible
carbohydrates. The histopathological examination was, at first, lim-
ited to the liver. However, at the request of JECFA, it was subse-

quently extended to the kidneys, adrenals and testes.

The mortality rate was generally low and did not differ between the
treatment groups. There were no treatment-related differences in be-
haviour and clinical signs. The body weights of the 10% D-tagatose
group (with or without 10% fructose) were reduced in male and female
rats. In the 5% tagatose group, a slightly lower body weight was ob-
served 1In males on most occasions and in females during the first 10
months of the study. The food intake was slightly lower in the 5 and
10% tagatose groups and the 20% fructose group during the first four
weeks of the study.

The ophthalmoscopic examinations and the clinical-chemical analyses
did not reveal any treatment related effects. The hemoglobin concen-
tration and hematocrit were decreased in females but not males of the
10% D-tagatose groups (with and without fructose). Other hematologi-
cal changes or noteworthy changes of clinical-chemical parameters in
response to the D-tagatose treatment were not observed.

The macroscopic examination at necropsy revealed enlarged adrenals in
males of the 10% D-tagatose groups (with and without 10% fructose)
and in females of the 2.5 and 10% D-tagatose group and 20% fructose
group. This observation was paralleled by an increase of relative ad-
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renal weights In the 5 and 10% D-tagatose groups, 10% D-tagatose + 10

% fructose group, and females of the 2.5% D-tagatose group.

The relative weight of the liver was increased in females of the 10%
D-tagatose and 20% fructose groups and in both sexes of the 10% D-
tagatose + 10% fructose group. The relative kidney weights were iIn-
creased in females of all treated groups except the 2.5% D-tagatose
group. The relative adrenal weights were increased in all tagatose
groups except in males of the 2.5% dose group. The relative weight of
the cecum (full and empty) was increased in males and females of the
10% D-tagatose groups (with and without fructose) and in males of the
5% D-tagatose group.

The microscopic examination of the liver did not reveal any histopa-
thological changes that could be related to the administration of D-
tagatose.

The 1incidence of nephrocalcinosis was significantly iIncreased in
males of all D-tagatose treatment groups and in females of the 10% D-
tagatose groups (with and without 10% fructose). The incidence of
transitional cell hyperplasia was increased in females of the 10% D-
tagatose groups (with and without 10% fructose). This hyperplasia was

ascribed to an irritating effect of the mineral depositions.

The incidence of adrenomedullary proliferative lesions (medullary hy-
perplasia and/or pheochromocytomas) was significantly increased 1in
males and females of the 5 and 10% D-tagatose groups and the 10% D-
tagatose + 10% fructose group, and in females of the 2.5% D-tagatose

group.
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It was concluded that the administration of D-tagatose has no adverse
effect on the livers of Wistar rats even at high levels of exposure
(4 g/kg bw/d) for a life-time (24 months) (Lina & Kuper, 2002). The
histopathological examination of the kidneys and adrenals of rats re-
vealed only changes that had been observed earlier iIn studies with
other low-digestible carbohydrates. These changes are generally con-
sidered to not have relevance for human safety (Lina & Bar, 2003)
(see Sections 10.2 and 10.3 for a more detailed discussion of the re-

nal and adrenal effects).

9.2.4. Genotoxicity

The results of assays for genotoxicity are summarized in Table 4.

9.2.5. Developmental toxicity

In a range-finding embryotoxicity/teratogenicity study, groups of 5
presumed pregnant Sprague-Dawley rats received D-tagatose from day 6-
15 of gestation by gavage at dose levels of 0, 4000, 8000, 12000,
16000 and 20000 mg/kg bw. The daily dose was given in two equal por-
tions which were administered during the light period with an ap-
proximately 4-h interval in between. Animals were examined daily;
body weights and food consumption were recorded in regular intervals.
All animals were killed on day 20 of gestation. The dams were sub-
jected to necropsy and parameters of reproductive performance were
measured. The livers of all dams were weighed. The fetuses were exam-
ined for signs of toxicity and external malformations. No mortality
occurred during the study. Mean body weights and weight gains were

similar in all groups. Stool softening and diarrhoea due to the ad-
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ministration of the test substance were observed in the dose groups
receiving 12000 mg/kg bw/d or more. No adverse effects on reproduc-
tive performance, TfTetal weight, and external malformations were
noted. The absolute and relative maternal liver weights did not dif-
fer between treated groups and controls. It was concluded that the
highest dose level tested was suitable for inclusion in a full-scale
embryotoxicity/teratogenicity study (Schroeder, 1994a).

In a study of embryotoxicity and teratogenicity, groups of 24 pre-
sumed pregnant Sprague-Dawley rats were given D-tagatose at doses of
0, 4000, 12000 and 20000 mg/kg bw by oral intubation of an aqueous
solution on days 6-15 of gestation. The daily dose was given in two
equal portions separated by approximately a 4-h interval. The animals
were examined throughout the study, and body weights and food con-
sumption were recorded. The rats were killed on day 20 and examined
for parameters of reproductive performance. Complete macroscopic
post-mortem examinations were performed on all dams. The livers of
control and high-dose animals were weighed and examined microscopi-
cally. Fetuses were examined for signs of toxicity, external malfor-
mations, and soft-tissue defects, and were stained for detection of
skeletal anomalies. Livers of one pup/sex/litter were weighed.

No deaths occurred during the study. During the treatment period,
nearly all animals of the mid- and high-dose group had unformed or
watery stools (osmotic diarrhoea). Maternal body-weight gain was
similar in all groups except for a slight reduction in the high-dose
group on days 6-9 of gestation. Necropsy of the dams showed no ad-
verse effects that could be related to treatment. The mean relative
liver weights were increased in the mid- and high-dose groups; the
absolute liver weight was increased in the high-dose group. However,

morphological changes were not seen on microscopic examination of the
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livers. The number of viable litters, the number of corpora lutea,
and the mean number of implantation sites were similar in all groups.
Fetal length and body weight were also similar in all groups. Exami-
nation of the Tetuses revealed no treatment-related iIncrease 1in
gross, skeletal, or visceral abnormalities. The weight of fetal liv-
ers did not differ between treated groups and controls. Under the
conditions of this assay, D-tagatose was not embryotoxic or terato-
genic and had no adverse effect on reproductive performance (Schroe-
der, 1994b; Kruger et al., 1999b).

9.2.6. Special studies
9.2.6.1. Mechanistic studies on liver enlargement

Six studies were conducted in rats in order to determine the charac-
teristics and potentially underlying mechanism of D-tagatose induced
liver enlargement.

In the first study, four groups of approximately 12-week old male

Sprague Dawley rats received Purina diet (Group A, 30 rats), Purina
diet with 20% D-tagatose (Group B, 30 rats), SDS diet (Group C, 10
rats) and SDS diet with 20% D-tagatose (Group D, 10 rats). The treat-
ment lasted for 28 days. Ten rats of each of group A and B were
killed after 14 days of treatment (interim kill). Ten rats of each of
groups A-D were Kkilled on day 28 (end of treatment period). The re-
maining animals of groups A and B continued the study on Purina diet
until day 42 when they were Kkilled (i.e., 2-week recovery period for
group B; no recovery period was included for group D). Food remained
available to all rats until they were killed (i.e., there was no
fasting period prior to killing as iIn the 90-day study described in
section 9.2.2.1). Body weights, and weights of wet and lyophilized
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livers were determined. The lyophilized livers collected on day 28
from groups A and B were analyzed for protein, total lipid, glycogen,

DNA, and residual moisture.

By day 14, relative wet liver weights had increased by 23% in group
B. On day 28, the increase was 38% in group B (as compared to group
A) and 44% in group D (as compared to group C). At the end of the re-
covery period, the iIncrease had diminished to 14% in group B. Body
weights were slightly lower in the D-tagatose treated groups. On day
28, liver glycogen content (expressed in % of liver weight) was sig-
nificantly increased, and liver protein, lipid, and DNA contents were
significantly decreased in group B (as compared to group A). Total
amounts of protein, lipid, glycogen, and DNA (expressed in mg/liver)
were significantly increased in group B (as compared to group A) by
26, 11, 94 and 23%, respectively.

This study demonstrated that the dietary administration of D-tagatose
at a high level (20%) produced significant liver enlargement. This
effect was reversible on cessation of the treatment. While in the 90-
day toxicity study with Sprague-Dawley rats, referred to In section
9.2.2.1, no evidence of an increased glycogen storage was found be-
cause the animals were killed In fasted condition, In this study, iIn
which the animals were killed in non-fasted condition, liver glycogen
was increased under the influence of D-tagatose. However, the higher
glycogen levels account for only part of the increase of liver
weights. The increase of DNA and protein (per liver) demonstrates
that there also was growth of liver tissue. Accordingly, liver
weights were still somewhat higher in group B (as compared to group
A) after the recovery period. For a complete regression of the addi-
tional liver tissue the 2-week recovery period may not have been long
enough (Lina & de Bie, 1998a; Bar et al., 1999).
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The second study was conducted in order to examine the dose-response

relationship of D-tagatose induced liver enlargement in non-fasted
rats, and in order to determine whether peroxisome proliferation was
involved. For this purpose, four groups of 20 rats each received SDS
diet with 0, 5, 10, and 20% D-tagatose for 29-31 days. The food was
available until the time of sacrifice. At termination, plasma was ob-
tained from 10 vrats/group TfTor clinical-chemical analyses. Five
rats/group were subjected to whole-body perfusion, followed by proc-
essing of livers for qualitative and quantitative electron micro-
scopic examination. Livers of 6 rats/group were analyzed for acyl-CoA
oxidase and laurate 12-hydroxylase (cytochrome P450 4Al) activity,
DNA synthesis (Ki-67 index), and number of nuclei per unit area of

tissue.

Liver weights were significantly increased in linear relation to the
D-tagatose intake. Under the conditions of the present study (nhon-
fasted rats) liver weights were significantly increased at the 5%
dose level. Plasma transaminases (but not gamma-glutamyl transferase
and alkaline phosphatase) were increased in the 20% dose group. Ex-
cept for increased glycogen accumulation in livers of the D-tagatose
treated rats, no ultrastructural changes were seen on electron micro-
scopic examination of livers of the control and 20% dose group. (In
the absence of changes the livers of the lower dose groups were not
examined). Morphometric analysis confirmed the increase of glycogen
and the absence of alterations of endoplasmatic reticulum, mitochon-
dria, and Golgi apparatus. The Ki-67 index did not differ between the
groups. A dose-related decrease of the number of nuclel per unit area
signified some hepatocellular hypertrophy. Acyl-CoA oxidase and
CYP4Al activity were significantly increased in the 10 and 20% dose

groups, but these increases were small iIn comparison to the changes
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that are typically seen with peroxisome proliferators. Moreover,
electron-microscopic examination did not provide any evidence of per-
oxisome proliferation. The increased transaminase levels (ALAT, ASAT)
were interpreted as a consequence of the increased glycogen storage
(Chatila & West, 1996). It was concluded from this study that a dose-
related increase of glycogen deposition is the main feature of the D-
tagatose induced liver enlargement. There was no evidence for a
treatment related stimulation of peroxisome proliferation. Hepatocel-
lular hypertrophy and compensatory growth of liver tissue appear to
be consequences of the increased glycogen storage. Degenerative ul-
trastructural changes were not seen (Lina et al., 1998; Bar et al.,
1999).

The third study was conducted in order to determine whether the 5%

dietary dose level was a no-effect level with regard to liver growth.
For this purpose, groups of approximately 12-week old Sprague-Dawley
rats received SDS diet (group A and C) or SDS diet with 5% D-tagatose
(groups B and D) (groups A and B: 15 rats/group; groups C and D: 10
rats/group). All animals were killed on day 28. Groups A and B were
fasted for 24 h before sacrifice; groups C and D had food available
until sacrifice. Liver weights and liver composition were measured as
in Study 1.

Relative wet and dry liver weights were increased iIn response to the
treatment iIn rats killed under the fed condition, but not iIn rats
killed under the fasted condition. The Hlivers of the D-tagatose
treated rats (group D) had an increased glycogen content in compari-
son to the respective controls (group C). In the livers of groups A

and B there were no detectable levels of glycogen.
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It was concluded that the 5% dose level is a no-effect level with re-
gard to liver growth. This conclusion is in keeping with the result
of the 90-day toxicity study in which there also was no increase of
liver weights in rats of the 5% dose group (killed under fasted con-
dition). In the 90-day study, the D-tagatose intake was 3.6 and 4.0
g/kg bw/d in males and females, respectively. In the present study,
the D-tagatose intake was 2.6 — 2.8 g/kg bw/d (Lina & de Bie, 1998b;
Bar et al., 1999).

Considering that only a fraction of iIngested D-tagatose is absorbed
and that the absorbed D-tagatose is channeled directly into the gly-
colytic pathway, it appeared unlikely that D-tagatose itself would
act as a precursor of liver glycogen. Rather, it was hypothesized
that D-tagatose-1-phosphate would promote the translocation of glu-
cokinase from the nucleus iIn the cytoplasm and that the subsequently
increased formation of glucose-6-phosphate would activate glycogen
synthase which then would produce glycogen at an increased rate using
glucose (from dietary sources) as a precursor (Figure 4). It was fur-
ther hypothesized that an increase of glycogen deposition (above a
certain threshold value) would stimulate (compensatory) liver growth
(for details, see section 10.1).

This hypothesis was tested in the fourth study in which Wistar rats

received D-tagatose together with or separate from a dietary source
of glucose (Polycose™ was used as readily digestible glucose poly-
mer). For the purpose of this study, four groups of 20 male Wistar
rats each received semisynthetic powdered diets with either Polycose
(6 g/d) (group A), D-tagatose (2.64 g/d) (group B), or Polycose + D-
tagatose (6 + 2.64 g/d, resp.) (group C) during the dark period
(feeding period). During the light period, these groups received by

gavage (administered in two portions) a liquid diet consisting of ei-

EU Novel Food_MANU1_public_05_020804

71/156



ther peptone (2 g/d), peptone + polycose (2 + 6 g/d, resp.), or pep-
tone (2 g/d). The amount of solid diet offered during the dark period
was restricted to 18 g. The "placebo™ compound in the solid diet of
D-tagatose was Sunfiber (a fermentable dietary fiber), the "placebo™
of polycose was cellulose. Otherwise, the diets contained equal
amounts of fat, fish-meal, and essential nutrients. After 7 days of
treatment, 10 rats/group were killed in the morning of the 8 day in
the non-fasted condition, and 10 rats/group at the end of light pe-
riod, i1.e., after having received the liquid diet by gavage. Food in-
take was recorded daily (the animals were housed individually). Body
weights were determined at start of the study (day 0), on the day of
termination (day 7), and after Kkilling. After gross necropsy, the
liver was removed, weighed, frozen in liquid nitrogen, lyophilized,
powdered, and analyzed for glycogen and free glucose.

There were no treatment-related clinical signs and all animals sur-
vived until the end of the study. However, all rats lost weight dur-
ing the treatment period probably as a consequence of the reduced
(restricted) food supply. At the end of the feeding period, the abso-
lute and relative liver weights were decreased in group B (D-tagatose
in solid diet) and increased in group C (D-tagatose + Polycose in
solid diet) as compared to the control animals of group A (Polycose
in solid diet). At the same time, liver glycogen was significantly
below control levels in group B and significantly above control lev-
els in group C. In the animals killed at the end of light period
(i.e., after gavage), relative (but not absolute) liver weights were
significantly higher in groups B and C. Liver glycogen was very low
in groups A and C, and was increased (as a result of the Polycose ad-

ministration by gavage) in group B.
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These results demonstrate that D-tagatose leads to an increased liver
glycogen deposition only if it iIs co-ingested with a source of glu-
cose (Lina & de Bie, 2000a).

The fifth study pursued a similar purpose and thus had a similar de-

sign as the fourth study. However, Sprague-Dawley rather than Wistar
rats were used (18 animals/group). Killing was performed after 5 days
of treatment at three different times during the feeding cycle,
namely near the end of the dark (feeding) period when liver glycogen
was expected to have reached i1ts zenith, during the light period be-
fore gavage, and during the Qlight period after gavage (6
rats/group/killing occasion). In addition, the cellulose content of
the diet was reduced. The same parameters were determined as in the
fourth study.

No mortalities occurred during the study but body weights decreased
slightly in all treatment groups. With regard to liver glycogen depo-
sition, the results of this study confirm and extend the findings of
the previous experiment. In addition, a comparison of animals of
group A (controls) and group C (D-tagatose + Polycose) killed after
gavage (of peptone), i.e., at a time when liver glycogen level was
equally low In these two groups, revealed significantly higher abso-
lute and relative liver weights in group C. In group B, liver weight
was not increased at that time despite the presence of glycogen that
was produced in response to the Polycose ingestion by gavage. These
data support the hypothesis that an increased glycogen deposition,

not D-tagatose per se, induces liver growth (Lina & de Bie, 2000b).

The sixth study was performed to further investigate the mode of ta-

gatose 1ingestion (alone or in combination with Polycose) on liver

weight. A similar protocol was applied as iIn the Ffifth study except
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that the treatment period was extended to 26 days. Furthermore some
changes were made iIn the dietary regime [casein was added to the
solid diet; water (groups A and C) or a solution of Polycose (group
B)] was given by gavage. The chemical analyses of the liver also in-
cluded total protein, total lipid, DNA and residual moisture. In an
attempt to kill the animals in an identical feeding conditions, all
groups received control diet (diet of group A) ad libitum on day 26
and were deprived of food from 5 pm of day 27 until termination of

the experiment in the morning of day 28.

There were no treatment-related differences iIn general condition or
behavior between the groups. During the first 10 days of the study,
the rats of all groups lost some weight. Therefore, the daily amount
of Polycose was raised at that time from 6 to 6.4 g/d, and the amount
of solid diet from 18 g to 19.2 g in groups A and C, and from 12 g to
12.8 g in group B. No further weight loss occurred after this change
but body weights remained slightly lower in group B than in groups A
and C (day 21). The D-tagatose intake of groups B and C was about 7
g/kg bw/d. In response to the ad libitum feeding of diet A on day 27,
body weights raised in all groups by about 10% and returned again to
previous levels after overnight fasting.

Relative liver weights were increased in groups B and C and absolute
liver weights in group C (group A served as control). The total DNA
content (mg DNA/liver) was significantly increased only in group C;
it was similar in groups A and B. There were no significant differ-
ences In the liver concentrations of protein, glycogen, glucose, or
moisture (g/Zg/liver). The liver lipid concentration was lower in
group C as compared to groups A and B, and the liver DNA concentra-
tion was lower in group B (Lina & de Bie, 2000c).
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The data on liver DNA (DNA/liver) appears to support the working hy-
pothesis according to which D-tagatose induces liver growth if admin-
istered at sufficiently high level (in this study about 7 g/kg bw/d)
together with a dietary source of glucose. On the other hand, the
data on liver weights are not entirely consistent with this concept
in that contrary to expectations relative liver weights were also in-
creased in group B receiving D-tagatose and Polycose at separate oc-
casions. A potentially confounding factor in this sixth study with
unknown consequences for liver weight was the excessive feed intake

on day 27 followed by overnight fasting.

The liver DNA content would be expected to be less sensitive to such
short-term changes of food intake than the liver weight. Furthermore,
it should be noted that in those studies iIn which the co-ingestion of
D-tagatose (>6 g/kg bw/d) and dietary glucose precursors resulted in
liver growth (Kruger et al., 1999c; Lina & de Bie, 1998a) the rats
gained body weight, 1.e., were iIn an anabolic condition, while under
the dietary regimes of the 4%, 5" and 6™ study the animals did not
gain weight or in some cases lost weight.

9.2.6.2 Comparative study of D-tagatose induced liver enlargement

in six strains of rats

As described in more detail in Section 9.2.2, D-tagatose administered
at the 10% dietary level produced an increased liver weight in Spra-
gue Dawley rats but not In Wistar rats (animals were fasted overnight
prior to killing) (Kruger et al., 1999c; Lina & de Bie, 2000d). In
order to test whether rat strains may differ with regard to their
sensity for D-tagatose induced liver enlargement, a comparative feed-

ing study was conducted with male rats of six different strains, viz.
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Lewis, Fischer, Brown Norway, Lister Hooded, Sprague Dawley and Wis-
tar rats. Groups of 15 males of each strain were fed either a control
diet or the same diet to which 20% D-tagatose had been added at the
expense of pregelatinized potato starch for a period of 28 days. At
the end of the treatment, 10 rats were killed after overnight fasting
and 5 rats without fasting. Body weights and liver weights were de-
termined. Among the fasted rats, increased relative liver weights
were observed iIn the tagatose group of all strains. Sprague Dawley
rats exhibited the biggest and Wistar rats the smallest increase (20
and 6% increase, respectively). In the not fasted rats, the increase
of relative liver weights due to the tagatose treatment was bigger
than in fasted rats. Again, Wistar rats exhibited the smallest iIn-
crease which did not attain statistical significance at the low num-
ber of animals tested (Appel, 2002).

9.2.6.3 Hemolysis

The susceptibility of dog erythrocytes to D-tagatose, glucose (hega-
tive control), and L-sorbose (positive control) was examined In vitro
using concentrations of 0, 0.6, 6 and 60 mM of these sugars iIn the
incubation medium. In line with earlier observations, L-sorbose in-
duced significant hemolysis during the 24-hour incubation period at
the mid and high-dose concentration. D-Tagatose did not have any ad-
verse effect. It rather appeared to stabilize the cells (i.e. hemoly-

sis was below control levels) (Bar & Leeman, 1999).

In this regard it is noteworthy that D-tagatose also had a protective
effect on cultured murine hepatocytes (Zeid et al., 1997; Valeri et
al., 1997; Paterna et al., 1998). The mechanism(s) responsible for

this protective effect are not yet elucidated.
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9.3. Observations in humans

9.3.1. Intestinal tolerance

Incompletely absorbed sugars (e.g., lactose) and polyols (e.g., sor-
bitol) can induce gastric discomfort and laxative effects if consumed
in excessive amounts. These effects are not of a toxic nature. Fur-
thermore, because of the short latency time, the affected individual
would usually associate the side-effect with the type of food iIn-
gested. Yet, these gastrointestinal side-effects should be taken into
account when considering appropriate levels of use of such sub-

stances.

In a screening test, 73 male volunteers received a single dose of 30g
D-tagatose with a cake in the afternoon. Eleven subjects reported
nausea. Mild, moderate, and strong diarrhea was reported by 11, 10
and 2 individuals, respectively (Buemann et al., 1999a).

In the context of a metabolic study, D-tagatose and sucrose were con-
sumed daily for 15 days (1 dose of 30 g per day) (Buemann et al.,
1998). Symptoms were recorded on the first and last day of each
treatment period. Since the participants (3 males, 5 females) were
preselected for good tolerance to D-tagatose (one 30-g dose had to be
tolerated without nausea and diarrhoea), symptoms occurred only
slightly more frequently or with higher scores after D-tagatose iIn-
take (Buemann et al., 1999a).

The intestinal tolerance to single doses of 29 g D-tagatose or 29 g
sucrose administered with breakfast was examined in 23 women and 11

men in a double-blind cross-over study. Gastrointestinal symptoms
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(scored on a scale from 0 - 4) and the number of stools were self-
reported on structured questionnaires for the test days and the two
subsequent days thereafter. 64% of the participants reported a higher
score for one or several of the gastrointestinal symptoms. The dif-
ference of scores between the D-tagatose and sucrose (control) treat-
ment was statistically significant for rumbling in the stomach and
gut, distention, nausea, Tflatulence, and diarrhoea. The number of
stools was higher after intake of D-tagatose. Six subjects reported
diarrhoea, 3 of them describing it as "watery stool”™ and 3 as "loose
stool'. Except for distention, increased scores of the symptoms were
reported only on the day of treatment but not on the two following
observation days. Except for nausea which was scored as "mild" in
most cases, the reported symptoms are those which typically occur af-
ter the consumption of low-digestible sugars and polyols. The nausea,
which was reported by females only (mean body weight of females and
males were 63.6 and 82.0 kg, respectively), was ascribed to the os-
motic effect of unabsorbed D-tagatose in the small intestine (Buemann
et al., 1999c).

In a subsequent study, the same IiInvestigators administered single
doses of 29 g sucrose or 29 g D-tagatose with a continental breakfast
to 20 male medical students who In a pre-test tolerated a single dose
of 30 g D-tagatose without noticeable symptoms. One subject dropped
out for an apparently treatment-unrelated reason (headache). No note-
worthy gastrointestinal symptoms were reported except for two cases
of moderate nausea and one case of strong flatulence after D-tagatose

ingestion (Buemann et al., 2000b).

The tolerance of single 20-g doses of D-tagatose, sucrose and lacti-
tol was studied in 50 healthy young male and female adults. The test

substances were given with chocolate (40 g given in two equal por-

EU Novel Food_MANU1_public_05_020804

78/156



tions between 1 pm and 4 pm). The gastrointestinal side-effects were
self-reported 24 hours after consumption of the chocolates. Consump-
tion of D-tagatose in comparison to sucrose was associated with sig-
nificantly more subjects experiencing nausea, bloating, borborygmi,
colic, and flatulence. Thirst and loss of appetite were also reported
more often. The number of stools and their consistency was not influ-
enced by the treatment. Compared to the lactitol chocolate, the D-
tagatose chocolate did not produce any of the symptoms more fre-
quently, except for thirst (probably due to the higher osmotic effect
in the small intestine) (Lee & Storey, 1999).

As part of a study on the effects of D-tagatose on glucose tolerance,
8 healthy and 8 type-2 diabetic subjects received increasing doses of
D-tagatose with each meal. On day 1, subjects received 5 g with each
meal . Dosage was then increased by 5 g/meal on each of the subsequent
days. Gastrointestinal symptoms were recorded daily. The first symp-
toms appeared at an intake of 10-25 g/meal. No differences were noted
between healthy and diabetic subjects (Donner et al., 1999).

Eight healthy and eight diabetic volunteers received 75 g D-tagatose
daily for 8 weeks (daily 3 portions of 25 g each consumed together
with main meals). Flatulence was experienced by 7 healthy and 7 dia-
betic subjects; diarrhoea of some degree was reported by 6 healthy
and 6 diabetic subjects. No iImprovement was noticed for these intes-
tinal side-effects over the 8-week treatment period (Saunders et al.,
1999a) .

Twelve healthy male volunteers received 45 g D-tagatose or sucrose
daily for 28 days in a study in which effects of these treatments on
liver volume and liver glycogen were examined. The test compound (D-

tagatose) and placebo (sucrose) were given iIn three daily portions of
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15 g each together with the three main meals. A double-blind two-way
crossover design was applied. Mild to moderate laxative effects oc-
curred occasionally during the D-tagatose period iIn 7 subjects.
Flatulence and/or bloating occurred more often and to a higher degree

during the tagatose treatment (Boesch et al., 2001).

9.3.2. Metabolic effects

9.3.2.1 Glycemia and insulinemia

Experiments with normal rats showed that D-tagatose administered
p.o. at a dose of 1 g/kg bw does not elicit a glycemic or iInsu-
linemic response (Zehner et al., 1994). In healthy human volun-
teers, the ingestion of 50 g D-tagatose produced a very low glyce-
mic and insulinemic response which was about 3% of that seen after
ingestion of 50 g glucose (Sugirs, 2004).

In a feeding study with 5 lean and 5 diabetic, obese rats it was
found that urinary glucose and polydipsia were reduced in the dia-
betic animals when they were fed a diet with 10% D-tagatose (Szep-
esi et al., 1996). These results suggested that D-tagatose might be
useful for the formulation of foods with a Hlow glycemic index
(foods for people with diabetes, prediabetic conditions and 1in-
creased risk of CHD). Subsequently, the suitability of D-tagatose
for this purpose was evaluated iIn humans iIn a short-term and a
long-term (12-month) clinical study (Donner et al., 1996, 1999; Ma-
kris, 1999).

Eight healthy and 8 type-2 diabetic subjects received single doses
of 75 g glucose, 75 g D-tagatose, and 75 g D-tagatose followed (af-
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ter 30 min) by 75 g glucose. The ingestion of D-tagatose did not
result In an increase of blood glucose or insulin levels. When D-
tagatose was administered 30 minutes prior to the glucose dose, the
glycemic and insulinemic response was smaller than after admini-
stration of glucose alone. This effect of D-tagatose was seen 1iIn
the healthy and diabetic subjects. When the experiment was repeated
with lower doses of D-tagatose (10-30 g), it was found that the
glycemia attenuating effect decreased with decreasing dose of D-
tagatose. A 20-g dose still had a significant, though small effect
(reduction of blood glucose AUC (0-3 h) by 20%) (Donner et al.
1996, 1999). In the absence of a comparison treatment with another
incompletely absorbed carbohydrate (e.g., with sorbitol) it cannot
be determined whether the 'glucose blunting effect”™ on glycemia is
specific for D-tagatose or whether it is an unspecific consequence
of the osmotic effect (the influx of liquid in the intestine could
accelerate small intestinal transit and reduce glucose absorption).
It 1s also not known whether the "glucose bunting effect"™ would be
seen with starch or when lower doses of glucose were administered.

In a 8-week cross-over tolerance study, 8 healthy and 8 type-2 dia-
betic volunteers received daily doses of 75 g D-tagatose or sucrose
(25 g with each of the main meals). Plasma was collected at the
start and end of each treatment period (subjects were fasted over-
night). Liver enzymes bilirubin, uric acids, insulin, glucose,
Hb1lAc., Hlipids and a number of other clinical-chemical parameters
were determined. No significant changes were observed 1in the
healthy and diabetic subjects that could be attributed to the D-
tagatose treatment (Saunders et al., 1999a).

A 12-month clinical study was conducted in 4 male and 4 female
type-2 diabetics. The subjects iIngested 45 g D-tagatose per day (15
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g with each of the 3 main meals). Standard clinical-chemical pa-
rameters as well blood pressure and body weights were determined in
serum samples collected 2 months prior to start of the treatment,
on day 0 of the study, and in 2-month intervals thereafter. During
the first two weeks of treatment, increased flatulence was reported
by 5 subjects. One female reported transient diarrhea during the
first few days. However, none of the participants rated the side-
effects as unacceptable and there were no drop-outs. Applying ap-
propriate statistical analysis (ANOVA for repeated measures fol-
lowed by Levene®s test) it was found that body weights and glycosy-
lated hemoglobin (HblA.) decreased significantly over time. For the
other analyzed parameters, including Uliver enzymes (AP, ALAT,
ASAT), lipids (triglycerides, cholesterol), uric acid, bilirubin,
fasting glucose and insulin, urea, minerals (Ca, Na, K, Mg, P;i, CI),
and blood pressure, there were no changes over time that would
point to a treatment related effect (Makris, 1999). The decrease of
body weights and HblA. started after 4 months of treatment only. In
the absence of an untreated control group it cannot be decided
whether these two changes are direct consequences of the D-tagatose

treatment.

9.3.2.2. Serum uric acid levels and urinary uric acid excretion

The effect of single intakes of solutions with 30 g D-tagatose or
30 g fructose, or of pure water (control) on plasma uric acid lev-
els was examined in 8 male fasted volunteers. A controlled lunch
was given to the subjects 255 min after dosing. Samples of arterial
blood were collected immediately prior to dosing and in regular iIn-
tervals during a 7-hour period thereafter. The samples were ana-

lyzed for D-tagatose, uric acid, inorganic phosphate, glucose, lac-
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tate, insulin, glucagon and other hormones [glucagon-like peptide
(GLP-1), cholecystokinin (CCK), gastric inhibitory peptide (GIP),

adrenaline, and noradrenaline].

Absorbed D-tagatose appeared in the arterial blood shortly after
dosing, reaching a maximum concentration in serum of about 0.17

mMol/l after 50 minutes. Serum uric acid increased from about 360

to 430 umol/l1 (6.1 to 7.2 mg/100 ml) during the same time (upper
limit of normal range is given with <7.6 mg/7100 ml for the method
applied). The uric acid levels decreased thereafter but remained
above the fasting level throughout the pre-lunch period. Inorganic
phosphate levels were significantly decreased at 50 minutes after
D-tagatose ingestion. The serum lactate levels were iIncreased only
slightly and an effect on energy expenditure was not seen. The ex-
cretion of urinary uric acid during the pre-lunch period was sig-

nificantly higher after ingestion of D-tagatose than plain water.

With fructose, a smaller increase of plasma uric acid was seen than
with D-tagatose. Serum phosphate levels remained unchanged. The
marked increase of plasma lactate and energy expenditure after the
ingestion of fructose (but not D-tagatose) reflects the fast degra-
dation of this sugar. Serum glucose, insulin and glucagon levels
were not significantly affected by the ingestion of fructose and D-
tagatose. None of the other analyzed parameters exhibited notewor-
thy changes iIn response to the ingestion of D-tagatose or fructose
(Buemann et al., 1999 b).

In order to examine whether D-tagatose would increase plasma uric
acid levels also if i1t Is Ingested together with starch as a source
of energy, six healthy, overnight fasted male volunteers were given

a breakfast consisting of 200 g bread (proving 100 g starch), 30 g
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D-tagatose and water. Plasma glucose, uric acid and phosphate con-
centrations were measured one hour before breakfast, at start of
the breakfast, and in regular intervals for a 4-hour period there-
after. Plasma glucose and uric acid concentrations increased after
intake of the test breakfast while phosphate concentrations de-
creased. At the zenith, plasma uric acid concentrations were on av-
erage 0.8 mg/dl above baseline values (range 0.7 — 1.2 mg/dl). How-
ever, uric acid concentrations remained within the normal range (<7
mg/dl) at all times. The maximum increase (@bout 16% above base-
line) is similar to that observed iIn the studies by Buemann. This
indicates that the co-ingestion of starch does not attenuate the
uricemic effect of a high single dose of D-tagatose (Diamantis &
Bar, 2001).

In another human study, plasma uric levels were measured in 8 healthy
and 8 diabetic subjects after administration of single doses of 75 ¢
D-tagatose or glucose. Plasma uric acid increased after ingestion of
D-tagatose but not after ingestion of glucose. The highest levels
were reached after about 60 minutes. Three hours after dosing, plasma
uric acid concentrations had declined but without reaching pretreat-
ment levels iIn any subject. For the applied uric acid test, a normal
range of 3.5-8.5 mg/100 ml is given. The upper level of this range
was transiently exceeded in three diabetic subjects, two of whom had
plasma concentrations at or above this level already before dosing,
and 1In all four healthy male volunteers of whom one had a value above
the normal range before dosing. On average, plasma uric acid iIn-
creased during the one-hour period after dosing by about 1.5 mg/100
ml (range —0.6 to 2.9 mg/100 ml) (Saunders et al., 1999a).

In a study on potential effects of D-tagatose on liver volume and

glycogen deposition, 12 healthy male volunteers consumed a standard-
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ized breakfast with 15 g D-tagatose (test substance) or 15 g sucrose
(placebo). The breakfast provided 99 g starch. Plasma uric acid lev-
els were determined before intake of the breakfast and in hourly iIn-
tervals for a period of 7 hours thereafter. Plasma uric acid levels
increased slightly after intake of the breakfast but there was no
significant difference between the plasma uric acid profile after iIn-
take of D-tagatose and sucrose (Boesch et al., 2001). Since the co-
ingestion of starch does not blunt the uricemic effect of a high sin-
gle dose of D-tagatose (30 g), the result of this studies demon-
strates that the 15-g dose of D-tagatose is a no-effect level with

regard to a uricemic effect in healthy subjects.

In order to test whether a different (lower) no-effect level would
apply under conditions of pre-existing hyperuricemia, 12 hyperurice-
mic male volunteers who had experienced at least one attack of gout,
received a test breakfast of 200 g bread, 15 g D-tagatose and water
after overnight fasting. Plasma glucose, uric acid, phosphate,
creatinine and lactate were measured 1 hour before treatment, at
start of the breakfast (0 h), and in regular intervals thereafter for
a period of 4 hours. Urine was collected during this 4-hour period
and a separate 24-hour period on the subsequent day. Urinary uric

acid and creatinine were analyzed.

Plasma glucose and uric acid exhibited significant changes over the
5-hour observation period. Plasma uric acid iIncreased steadily from
-1 h to O h and from O h to 1 h by about 2.5% in each period. There-
after, uric acid levels decreased again. At 3 to 4 h after intake of
the breakfast, plasma uric acid levels were no longer different from
baseline values. The observed transient increase of plasma uric acid
levels is obviously very small and lacks clinical relevance. In addi-

tion, the time-profile suggests that the postprandial increase of
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plasma uric acid represents probably the continuation of a pre-
existing (diurnal?) trend rather than a treatment related effect. The
urinary excretion of uric acid was not different between the 4-hour
postprandial period and a full 24-hour cycle. The authors concluded
that a single oral dose of 15 g D-tagatose represents a no-effect
level in terms the uricemic potential of this substance also In hype-

ruricemic and gouty subjects (Diamantis & Bar, 2002).

9.3.3. Effect on liver size

A study was conducted in healthy male volunteers in order to deter-
mine whether the partial substitution of dietary sucrose by D-
tagatose for 28 days would affect the volume of the human liver. In
addition, i1t was examined whether the ingestion of D-tagatose to-
gether with a starch containing meal would increase postprandial
liver glycogen concentration.

Twelve male volunteers (age: 21-30 years, body weight 70-93 kg, body
mass index <25 kg/m?) received three daily doses of 15 g D-tagatose
(test substance) or 3 x 15 g sucrose (placebo) for a period of 28
days using a double-blind two-way crossover design. In the morning of
day 1 and day 29 of each treatment period, liver volumes were deter-
mined in the overnight fasted subjects by Magnetic Resonance Imaging
(MRI). Blood was collected prior to the MRl measurement for analysis
of standard clinical-chemical and hematological parameters. On day 1
of each treatment period, the liver glycogen concentration was deter-
mined as well applying Magnetic Resonance Spectroscopy (MRS). After
these baseline measurements in the fasted condition, the volunteers
received, on day 1 of each treatment period, a standardized breakfast
containing about 99 g starch (in the form of 190 g bread) and 15 g D-
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tagatose or sucrose (with marmalade). Serum glucose, serum insulin,
plasma glucagon and plasma uric acid were measured in hourly inter-
vals for a period of 7 hours following iIngestion of the breakfast.
Liver volume and liver glycogen were measured about 5 hours after

consumption of the breakfast.

The analyzed clinical-chemical and hematological parameters did not
reveal any changes that could be attributed to the treatment with D-
tagatose. Liver volumes tended to 1increase with duration of the
study. However, there were no effects of treatment (and period or
subject) on liver volume changes as shown by analysis of variance
(ANOVA) . Short-term effects on liver volume of the standardized
breakfast with D-tagatose or sucrose could not be detected. Liver
glycogen concentrations prior to - or five hours after consumption of
the breakfast did not differ between the two treatments. The values
of serum glucose and insulin demonstrate that the ingested starch was
absorbed and metabolized almost completely within the first 1-2 hours
after ingestion regardless of the type of added sugar (D-tagatose or
sucrose). Since five hours lapsed between the consumption of the
breakfast and the measurement of liver glycogen, and since the carbo-
hydrate load was small (99 g starch), postprandial liver glycogen
concentrations were not iIncreased above baseline (fasting) values.
Plasma uric acid levels were very slightly yet significantly elevated
above baseline values at 1 hour after intake of the breakfast with D-
tagatose. However, plasma uric acid levels did not differ at any time
between consumption of D-tagatose and sucrose with the breakfast.

Gastrointestinal side-effects were reported more often during the D-
tagatose than sucrose treatment period. However, their intensity was
only mild to moderate and did not impair the compliance of the sub-
jects with the dietary regime (Boesch et al., 2001).
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10. DISCUSSION OF PARTICULAR ASPECTS OF THE SAFETY PROFILE OF
D-TAGATOSE

10.1. Increased glycogen deposition in the liver and increased

liver size

Liver enlargement was the only noteworthy effect of D-tagatose in a
90-day sub-chronic toxicity study in Sprague-Dawley rats. This effect
was dose-dependent and occurred in the 10, 15 and 20% dose groups in
males and females. The 5% dose level at which the rats consumed 3.6
(males) and 4.0 (females) g D-tagatose per kg bw per day was the NOEL
with regard to effects on relative liver weight (Kruger et al.,
1999c). A subsequent study of shorter duration (28 days) confirmed
the effect of D-tagatose on liver weight (Lina & de Bie 1998a). The
NOEL of 5% D-tagatose in the diet (2.6 - 2.8 g/kg bw/d) was confirmed
as well in another 28-day study (Lina & de Bie, 1998b).

These observations triggered a number of additional studies with the
aim of further characterizing the D-tagatose induced liver enlargment
and eventually identifying the underlying mechanism. In a Ffirst se-
ries of three studies (described in more detail iIn section 9.2.6.1)
it was demonstrated that liver glycogen was increased under the in-
fluence of D-tagatose in non-fasted rats iIn a dose-dependent manner
(Lina & de Bie, 1998a; Lina et al., 1998; Lina & de Bie 1998b). At
dietary levels of >10%, the increase of liver weight was attributable
in part to an increased deposition of glycogen and in part to an in-
crease of liver tissue mass. At the 5% dose level, the increase of
liver weights in the non-fasted but not in the fasted rats was at-
tributed to an increased glycogen deposition only (Lina & de Bie,

1998b). The increase of liver tissue mass was not associated with any
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histopathological changes at light-or electron microscopic level. The
results of these first three studies have been published (Bar et al.,
1999).

The significance of D-tagatose induced liver enlargement for the
safety assessment of D-tagatose was assessed on the basis of these
results and additional data from the published literature in a review
article (Bar, 1999). It was found that asymptomatic liver enlargement
in rats is not a unique effect of D-tagatose but also occurs in re-
sponse to the ingestion of high levels of fructose and sucrose (Fig-
ure 3). A comparison of the respective dose/response data of the dif-
ferent sugars demonstrates, however, that D-tagatose is about four
times as efficient as fructose, and about eight times as efficient as

Sucrose.

Based on the results of a number of studies with fructose and D-
tagatose, a plausible mechanism of fructose- and D-tagatose induced
liver enlargement was then developed (Figure 4). Fructose and D-
tagatose are phosphorylated in the liver to fructose-l-phosphate and
D-tagatose-1-phosphate (Raushel & Cleland, 1977). These products
abolish binding of glucokinase regulatory protein (GKRP) to glu-
cokinase (GK) (Detheux et al., 1991). Thereby they promote the trans-
location of GK from the nucleus iIn the cytoplasm which leads to an
increased phosphorylation of glucose to glucose-6-phosphate. Glucose-
6-phosphate activates glycogen synthase (Gilboe & Nutall, 1982;
Fernandez-Novell et al., 1999; van Schaftingen et al., 1997). In vi-
tro experiments with hepatocytes and short 1incubation times have
shown that D-tagatose is as potent as fructose in stimulating the
translocation of glucokinase and the subsequent phosphorylation of
glucose (Agius, 1994; Van Schaftingen & Van der Cammen, 1989). 1In

vivo, however, D-tagatose is more efficient than fructose in promot-
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ing glycogen formation because D-tagatose-1-phosphate is eliminated
more slowly than fructose-1-phosphate by aldolase B (see section
9.1.2.1 for references). The accumulation of glycogen in the liver
above usual levels triggers compensatory (adaptive) growth of liver
tissue. In rats and humans, a number of treatments and conditions
which iIncrease the deposition of liver glycogen, have been associated
with asymptomatic liver enlargement (for references see Bar, 1999).
For the fructose-induced glycogen accumulation and liver enlargement,
a transient wave of proliferative activity has been observed in rat
liver tissue within a few days after start of fructose ingestion
(Kazdova et al., 1976).

According to the proposed mechanism D-tagatose does not act itself as
a precursor of glycogen. Rather, its phosphorylation product (taga-
tose-1-phosphate) activates glycogen synthase which then produces
glycogen from regular dietary precursors of glucose (i.e., starch).
It follows that glycogen deposition and liver enlargement will occur
only i1f D-tagatose and starch (or another glucose precursor) are in-
gested at about the same time.

This hypothesis was tested in a series of three feeding studies in
which D-tagatose was administered together with - or separate from a
dietary precursor of glucose (Polycose) (Lina & de Bie, 2000a,b,c).
The results of these studies are entirely consistent with the working
hypothesis in that the highest postprandial liver glycogen levels
were seen in rats that had received D-tagatose and Polycose in combi-
nation. The data also suggest that an iIncreased glycogen deposition

triggers hepatocellular growth.

Considering the etiology of the D-tagatose induced liver enlargement,

it is debatable whether the observed increase of liver mass may be
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characterized as "hyperplasia” (Bender et al., 1972). To the extent
that this term evokes the impression of an increase in the number of
cells above ("hyper'™) a physiological level or even hints to a pre-
neoplastic change, it is inappropriate. In the case of the D-tagatose
induced liver enlargement the mass of liver tissue increases in order
to cope with an increased work-load, 1.e., just in order to maintain
the physiological balance. A similar adaptive growth of liver tissue
is seen, for example, iIn pregnant and lactating rats (Klinge & Blin-
zler, 1972; for additional references see Bar, 1999). By analogy, the
adaptive growth of muscle tissue iIn response to strenuous exercise
would probably be regarded as '‘growth™ rather than as "hyperplasia’.

Interestingly, liver enlargement was not observed at any time during
a 6-month feeding study in which Wistar rats received a diet contain-
ing 0, 5 and 10% D-tagatose, 20% fructose or 10% D-tagatose + 10%
fructose (Lina & de Bie, 2000d). In an earlier study with Wistar rats
it was found that D-tagatose fed together with Polycose increased
liver glycogen deposition also in Wistar rats (Lina & de Bie, 2000a).
The absence of liver enlargement in this strain may, therefore, point
to a difference In the responsiveness of the mechanism that triggers
hepatocellular growth iIn response to an increased glycogen deposi-

tion.

Long-term feeding studies with fructose containing diets suggest that
the fructose-induced increase of relative liver weight becomes
smaller over time, i1.e., the NOEL increases with duration of the
treatment (Poulsom, 1986). Sucrose which iIs about eight times less
efficient than D-tagatose for increasing liver weights, has been
tested In a chronic rat toxicity test at the 20% dietary dose level.
Increases of liver weight or adverse effects on the liver were not

seen (Hunter et al., 1978 as cited in Bar, 1999). In earlier chronic
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studies with administration of sucrose at higher levels there was
some evidence of liver enlargement but adverse effects on this organ
were not reported (Adams et al., 1959; Durand et al., 1968). Observa-
tions from a rat strain with glycogen storage disease also suggest
that increased liver glycogen has no adverse consequences in the long
term (Malthus et al., 1980; Clark & Haynes, 1988).

In humans, iIncreased liver glycogen and liver enlargement were seen
in response to poorly controlled diabetes. Although these changes had
persisted for longer periods of time, they were not associated with
degenerative changes (fibrosis) (Chatila & West, 1996). There also is
no evidence for an association between insulin (which promotes glyco-
gen deposition in the liver) and degenerative or proliferative dis-
ease of this organ.

Most relevant for the safety assessment of D-tagatose, however, is a
clinical study in which the effect of D-tagatose on liver size was
examined in 12 healthy male volunteers using Magnetic Resonance Imag-
ing (MRI). The results of this study demonstrate the ingestion of 3 X
15 g D-tagatose per day (corresponding to an intake of about 0.6 g/kg
bw/d) for a period of 28 days does not affect liver size (placebo
treatment: 3 x 15 g sucrose/d) (Boesch et al., 2001).

It 1s concluded that the liver enlargement seen in rats In response
to the consumption of D-tagatose i1s a physiological response to the
treatment-induced increase of glycogen deposition. No hepatocellular
growth was seen in Sprague-Dawley rats at the 5% and iIn Wistar rats
at the 10% dietary level of D-tagatose suggesting that the increase
of liver glycogen at this dose remained within a range which does not
trigger compensatory growth of liver tissue. In humans, the ingestion
of 0.6 g D-tagatose/kg bw/d for a period of 28 days was without con-
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sequences on liver volume or clinical-chemical parameters related to
liver function and integrity. Under the proposed conditions of use of
D-tagatose, the EDI for the 90" percentile consumer (“‘heavy user'") is
0.18 g/kg bw (2-day average of all age groups combined). This is con-
siderably less than the dose that has been tested and found to not
produce liver effects in human volunteers (0.6 g/kg bw). A comparison
between the EDI of the average user (0.08 g/kg bw/d) and the NOEL 1in
rats (3.7 and 4.1 g/kg bw/d in male and female Sprague-Dawley rats,
respectively; 5.8 and 4.8 g/kg bw/d in male Wistar rats treated for 4
and 26 weeks, respectively) reveals an about 50-fold safety margin.

10.2. Nephrocalcinosis

In the 24-month chronic toxicity and carcinogenicity of D-tagatose
in Wistar rats, the incidence of nephrocalcinosis (all types com-
bined) was significantly increased among males of all D-tagatose
treatment groups. A similar trend was observed in the males of the
20% fructose group, but the difference to controls was not statis-
tically significant. The female rats exhibited a high spontaneous
incidence of nephrocalcinosis iIn the control group (88%). A fur-
ther, treatment-related iIncrease reached statistical significance
in the 10% D-tagatose group and 10% D-tagatose + 10% fructose group
(100% incidence). A more refined analysis according to type (pel-
vic, cortical/corticomedullary, medullary) and severity of the ob-
served nephrocalcinosis showed that the D-tagatose treatment pro-
moted the formation of calculi mainly in the renal pelvis and me-
dulla. The severity was generally rated as ™"very slight" or
"slight'.
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Nephrocalcinosis, mainly of the pelvic and corticomedullary type,
has been observed in several earlier feeding studies of polyols and
other low-digestible carbohydrates in rats and mice (Bar, 1985a, b;
Sinkeldam et al., 1992; Smits van Proije et al., 1990; Lina et al.,
1996). The formation of renal calculi appears to be the direct con-
sequence of the enhancing effect of these substances on intestinal
calcium absorption (Lorinet, 1975; Brommage et al., 1993; Goda et
al., 1993; Lacour et al., 1995; Yoshida et al., 1995; Fukahori et
al., 1998; Younes et al., 1996). The mechanism by which polyols and
other low digestible carbohydrates stimulate calcium absorption is
not vyet entirely elucidated (Sakuma, 2002, Scholz-Ahrens &
Schrezenmeir, 2002). Yet, two consequences of the higher calcium
absorption have been observed repeatedly in studies with polyols,
namely an increased urinary excretion of calcium and an increased
bone weight and/or bone density (Amman et al., 1988; Bar, 1987;
Bar, 1985b; Knuuttila et al., 1989). Similar observations were made
with polymeric, low-digestible carbohydrates such as fructo-
oligosaccharides and certain chemically modified starches (Ohta et
al., 1998; Lopez et al., 2000; WHO, 1982).

Fructose which is absorbed more slowly than glucose but faster than
the polyols also increases the calcium absorption iIn rats if
administered at high dietary levels (Kaul et al., 1996).
Accordingly, fructose administered at a dietary concentration of
70% for 28 days had a weak nephrocalcinogenic activity 1iIn rats
(Bergstra et al., 1993).

The incidence of transitional cell hyperplasia was increased in fe-
males of the 10% D-tagatose and 10% D-tagatose + 10% fructose
group. This hyperplasia i1s most probably the consequence of an ir-

ritating effect by the mineral depositions. Focal hyperplasia of
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the renal papillary and pelvic epithelium was observed for the same
reason in other studies on low-digestible carbohydrates (de Groot
et al., 1974; WHO, 1974, 1982; Lina et al., 1996).

In conclusion, an increased iIncidence of nephrocalcinosis iIn rats
fed diets with 2.5, 5 and 10% D-tagatose for a life-time is not a
unique Ffinding but is a commonly observed consequence of the inges-
tion of low digestible carbohydrates in rats. The formation of re-
nal calculi which is commonly observed in aged rats, is promoted by
a treatment-induced hyperabsorption of calcium. There is agreement
that this effect has no direct relevance for human safety because
low-digestible carbohydrates, even at the highest tolerated dose,
do by far not increase the intestinal calcium absorption in humans
to the same extent as in rats, 1If at all; and because rats, espe-
cially the female rat, 1is uniquely prone to the development of
nephrocalcinosis (Roe, 1989; WHO, 1982, 1983; SCF, 1985).

10.3. Adrenomedullary proliferative disease

In the 24-month chronic toxicity and carcinogenicity of D-tagatose
in Wistar rats, the incidence of adrenomedullary proliferative le-
sions was significantly increased in males and females of the 5 and
10% D-tagatose group and the 10% D-tagatose + 10% fructose group,
and in females of the 2.5% D-tagatose group. In males, which had a
substantially higher spontaneous incidence of pheochromocytomas and
medullary hyperplasia than females (62 vs. 16%, respectively), the
administration of diets with 5 and 10% D-tagatose, and 10% D-
tagatose + 10% Tfructose significantly increased the 1incidence of
pheochromocytomas. In females fed D-tagatose containing diets,

mainly the incidence of medullary hyperplasia was increased. Only
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in females of the 10% D-tagatose and 10% D-tagatose + 10% fructose

groups the incidence of pheochromocytomas was increased.

Treatment-related increases of adrenal weights and the incidence of
adrenomedullary hyperplasia and/or neoplasia have been observed in
several earlier studies on mannitol, xylitol, sorbitol, lactitol
and lactose (Bar, 1988; Lina et al., 1996; Lynch et al., 1996;
Sinkeldam et al., 1992; Yoshida et al., 1995). The results of the

present study are in line with these earlier observations.

There is evidence that the increased calcium absorption due to the
ingestion of low-digestible carbohydrates is a causal factor in the
development of adrenomedullary proliferative disease iIn rats. This
was fTor the fTirst time demonstrated in a study in which It was
shown that the xylitol-induced increase in the iIncidence of medium-
size and large pheochromocytomas could be abolished partly or com-
pletely by reducing the dietary calcium level from 0.4% (control)
to 0.2 and 0.05%, respectively. The reduction of the calcium level
was associated with a lower severity (size) of the adrenomedullary
lesions. However, since iIn the 20% xylitol/0.05% calcium group the
urinary calcium excretion, and thus the intestinal calcium absorp-
tion, was still higher than in the controls (0% xylitol/0.4% cal-
cium), the number of small and medium-size hyperplasias remained
elevated (Bar, 1988). In other words, a reduction of the dietary
calcium to even lower levels would have been required for reducing
also the incidence of the initial stages of adrenomedullary prolif-

erative disease (i.e., hyperplastic foci).

Further evidence for a role of calcium homeostasis in the etiology
of adrenomedullary proliferative disease of rats 1iIs provided by

studies iIn which a decreased dietary calcium supply was found to be
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associated with decreased adrenal catecholamine levels (Baksi &
Hughes, 1984; Hagihara et al., 1990). Furthermore, it has been dem-
onstrated that the ingestion of elevated doses of vitamin D stimu-
lates the proliferation of adromedullary cells in vivo and results
in the formation of hyperplastic modules after treatment for 26-
weeks (Tischler et al., 1996; Tischler et al., 1999). An associa-
tion between hypercalcemia and increased incidence of pheochromocy-
tomas has also been reported from a study on retinol acetate (RA)
in rats. In that study, RA was administered to F344/DuCrj rats in
drinking water for 2 years and was found to be associated with
higher incidences of benign and malignant pheochromocytomas and hy-
perplasia of the adrenal medulla in the RA-treated groups. Hyper-
calcemia was also reported in the RA-treated rats, but without se-
vere bone lesions. It was suggested that RA enhanced the absorption
of calcium from the gut, which promoted the development of adrenal
medullary proliferative disease (Kurokawa et al., 1985).

In conclusion, an increased incidence of adrenomedullary prolifera-
tive lesions in rats fed diets with 2.5, 5 and 10% D-tagatose for a
life-time 1s not a unique finding but is an often observed conse-
quence of the ingestion of low digestible carbohydrates (polyols,
lactose) in rats. The formation of adrenomedullary hyperplastic or
neoplastic foci which is commonly observed in aged rats, appears to
be promoted by a treatment-induced hyperabsorption of calcium.
There is agreement that this effect has no relevance fTor human
safety because low-digestible carbohydrates, even at the highest
tolerated dose, do by far not increase the intestinal calcium ab-
sorption iIn humans to the same extent as in rats, if at all; and
because the adrenomedullary hyperplasia and neoplasia of rats dif-
fer from human pheochromocytomas not only with regard to their

spontaneous occurrence but also their functionality (Bosland & Bar,

EU Novel Food_MANU1_public_05_020804

97/156



1984; Roe, 1989; Lynch et al., 1996; Capen, 2001; WHO, 1982, 1983;
SCF, 1985; Pelgrom & van Raaij, 2001).

10.4. Effects on plasma uric acid concentrations

The ingestion of high doses of fructose or the infusion of fructose
at high rates leads to an increase of plasma uric acid concentra-
tions (Table 6). The underlying mechanism has been identified.
Fructose entering the hepatocytes 1is rapidly phosphorylated by
fructokinase iIn the presence of ATP. Since the next step (cleavage
by aldolase B) proceeds at a lower rate, fructose-1l-phosphate accu-
mulates iIn the cells transiently. The consumption of ATP and the
binding of phosphate to fructose produces a transient, partial de-
pletion of ATP and a reduction of intracellular P; concentrations.
Together these changes lead to an increased degradation of purine
nucleotides. Uric acid is the end-product of this well-known meta-
bolic pathway (for references see Mayes, 1993). In view of the
similarity between the metabolism of fructose and D-tagatose, It 1is
not surprising that the ingestion of high single doses of D-
tagatose (>30 g) also leads to iIncreased serum uric acid levels
(Buemann et al., 1999b; Saunders et al., 1999a; Diamantis & Bar,
2001).

For the safety assessment of D-tagatose it is relevant that the en-
hancing effect of this sugar (like that of fructose) on plasma uric
acid levels is dose-dependent. With a single D-tagatose dose of 30 g,
the increase of serum uric acid remained well within the normal
(physiological) range (Buemann et al., 1999b; Diamantis & Bar, 2001).
A single dose of 15 g D-tagatose did not produce a significantly dif-

ferent response than a single dose of 15 g sucrose (both ingested to-
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gether with 99 g starch) in healthy volunteers (Boesch et al., 2001)
(Figure 5). A similar result was obtained with a single 15-g dose of
D-tagatose (ingested with about 100 g starch) in hyperuricemic sub-
jects (Diamantis & Bar, 2002). At the lower intakes which are pro-
jected from the intended uses of D-tagatose in food (per eating occa-
sion: 4.7 and 7.2 g for the mean and 90 percentile consumer, respec-
tively), plasma uric acid concentrations are expected to not increase
at all or only to a very small extent which is well within the range
of the physiological, diurnal or diet-induced fluctuation of this pa-
rameter (Abu-Amsha et al., 2000; Brulé et al., 1992; Colling & Wolf-
ram, 1987; Garrel et al., 1991; Reiser et al., 1989).

It also should be noted that effects of D-tagatose on uric acid lev-
els, 1f there are any, would be transient and not cumulative over
time. In studies in which D-tagatose was consumed for long periodes
of time and/or at high levels, uric acid levels iIn plasma samples
collected after overnight fasting were not elevated (Buemann et al.,
1998; Saunders et al., 1999a; Makris, 1999; Boesch et al., 2001).
Correspondingly, the 24-hour urinary excretion of uric acid was not
increased In subjects consuming daily doses of 29 g D-tagatose for 15
days (Buemann et al., 1998).

It is concluded from these data that under the conditions of intended
use D-tagatose will not adversely affect plasma uric acid levels,
neither iIn healthy nor in hyperuricemic subjects.
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10.5. Non-enzymatic glycation of proteins

Reducing sugars react with proteins in solution at a low rate. In a
first step, so-called “Amadori products” are formed. Subsequent re-
arrangement of these products leads to the formation of “advanced
glycation end products” (AGE). Different sugars have different reac-
tivity vis-a-vis proteins. In a short-term (4-hour) in-vitro study,
fructose caused a more rapid non-enzymatic glycation of hemoglobin
than did glucose. D-Tagatose was less reactive than glucose (Bunn &
Higgins, 1981). In another test system, the glycation of myofibril-
lar proteins was similar for glucose, fructose and D-tagatose after
an incubation period of 48 hours (Syrovy, 1994). In long-term in-
vitro studies with iIncubation times of several weeks, fructose pro-
duced fluorescent AGE at a faster rate than glucose (Oimomi et al.,
1989, Suarez et al., 1989).

It has been proposed that non-enzymatic glycation of proteins and
subsequent formation of AGE in vivo accounts for some of the com-
plications of diabetes, such as cataract formation (Monnier et al.,
1979; Monnier, 1990), stiffening of collagen (Vishwanath et al.,
1986), and vascular narrowing (Cerami et al., 1986). The late com-
plications of diabetes (retinopathy, nephropathy, neuropathy, mi-
croangiopathy) are phenomenologically in fact linked to hyperglyce-
mia (Nathan, 1996). However, it is not yet known whether the glyca-
tion of iImportant structural or functional proteins directly causes
this pathology, or whether the increased levels of glycation prod-
ucts in tissues and the circulating blood are merely a marker of a
metabolic condition that accelerates the formation of degenerative

disease.
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The 24-month chronic toxicity and carcinogeneicity study of D-
tagatose in rats indicates that the ingestion of diets with high
levels of D-tagatose and/or fructose is not associated with an in-
creased incidence of retinopathy (cataracts) or degenerative renal
changes as are typically observed in diabetic rats (Lina & Kuper,
2002; Lina & Bar, 2003).

There are no in-vivo studies in which the protein glycating poten-
tial of D-tagatose was measured directly. Considering, however, that
the glycating potential of D-tagatose is not higher than that of
fructose, i1t may suffice to recapitulate the results of studies on

fructose.

Two feeding studies in rats which were conducted to compare the pro-
tein glycating potential of fructose, glucose and sucrose gave con-
flicting results. In one study, metabolically healthy rats were fed
a commercial diet for 1 year. The animals had free access to water
or 25% solutions of fructose, glucose, or sucrose. Blood fructose,
fructosamine, and glycated Hb levels were increased in the fructose
treated rats. Collagen-bound fluorescence (representing AGE) and iIn-
soluble collagen were increased in this group as well. The type-I11
to type-1 collagen ratio was decreased, suggesting faster aging 1in
response to fructose ingestion (Levi & Werman, 1998; Werman & Levi,
1997).

In the other study, rats received diets with 66.5% starch, glucose,
sucrose, fructose, or glucose + fructose for up to 26 months. Serum
glucose, fructosamine and glycated Hb were analyzed. Collagen-
associated fluorescence and pentosidine concentrations were measured
in different organs. After 9 months of treatment, glycated Hb was

about 10% higher in the fructose and the starch group. However, a
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similar difference was not observed after 18 and 26 months. All the
other markers of glycemic stress and accumulation of AGE did not
differ between treatments (Lingelbach et al., 2000).

The reasons for the discrepant results of these two studies are not
clear. However, it is well established that the administration of
high doses of fructose leads to copper-deficiency iIn rats particu-
larly if dietary copper levels are only marginally sufficient. In-
terestingly, copper deficiency was associated with increased gly-
cated Hb, serum fructosamine, and serum pentosidine (Saari & Dahlen,
1999). In the absence of data on the copper status it cannot be ex-
cluded that the seemingly fructose-induced glycation and aging of
collagen observed by Levy and Werman were in fact consequences of a
fructose-induced copper deficiency. A fructose-induced decrease of
insulin sensitivity and thus increased blood glucose levels might
have contributed to the effect as well (Ruhe et al., 1996; Thorburn
et al., 1989).

For the assessment of the safety of D-tagatose it is relevant that
there exists no report iIn the open literature demonstrating that
there is an association in humans between fructose intake and in-
creased protein glycation. However, there are at least two observa-
tions which suggest that such an association does not exist.

(1) CGlycation-related pathology is not a clinical feature of fruc-
tosuric subjects. People with benign hereditary fructokinase
deficiency (essential fructosuria™) exhibit increased blood
fructose levels after ingestion of fructose (< 250 mg/l), yet
are otherwise asymptomatic (Sachs et al., 1942; Marble, 1947;
Silver & Reiner, 1934; Szombathy et al., 1969) [for a summary
see also the On-line Mendelian Inheritance iIn Man database
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(http://www3._ncbi.nIm.nih.gov/omim/)]. Fructosuric subjects do

not exhibit increased levels of glycated hemoglobin (HbA; and
HbA;c) and do not appear to be more prone to cataract formation
(Steinitz et al., 1963; Petersen et al., 1992; Gitzelmann et
al., 1995).

(2) The ingestion of 30 g/d fructose for 18 months did not influ-
ence the incidence and progression of retinopathy in 72 dia-
betic subjects of which 32 subjects entered the study with pre-
existing retinopathy. The control group was matched with regard
to age and glycemic status. Thirty-four control subjects had
preexisting retinopathy, 179 subject were asymptomatic (Schar-
tow, 1965).

In conclusion, dietary fructose at customary levels of iIntake ap-
pears to lack importance as a causative factor of non-enzymatic gly-
cation reactions in the human body. Since fructose and D-tagatose
have the same chemical reactivity, this conclusion may be extended
to D-tagatose. The Hlower absorption of D-tagatose provides for an

additional safety margin in this respect.

10.6. Metabolic interactions between fructose and D-tagatose

Fructose is consumed in considerable amounts with an ordinary human
diet [added fructose: 10 g/d; fructose from all sources including su-
crose: 37 g/d (Glinsmann et al., 1986; Park & Yetley, 1993)]. Since
fructose and D-tagatose have a similar chemical structure and share a
common metabolic pathway using the same enzymes (fructokinase and al-
dolase B), It needs to be considered whether there is a possibility

of interaction iIf fructose and D-tagatose are consumed at the same
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time. Interactions are conceivable at the following steps: intestinal
absorption, (hepato)cellular uptake, phosphorylation by fructokinase,

and cleavage by aldolase B.

As regards intestinal absorption, it has been shown that D-tagatose
does neither promote nor inhibit the carrier-mediated diffusion of
fructose through the intestinal mucosa (the GLUT5 and GLUT2 carri-
ers are involved) (Crouzoulon, 1978; Sigrist-Nelson & Hopfer,
1974). The interaction of D-tagatose with the GLUT5 transporter is
weak (Km=59 mM) (Tatibouét et al., 2000).

The rate of phosphorylation of fructose and D-tagatose on first he-
patic passage is determined by the rate of cellular uptake (Sestoft
& Fleron, 1974; Baur & Heldt, 1977; Okuno & Glieman, 1986). The
GLUT2 carrier appears to be responsible for the carrier mediated up-
take of fructose by hepatocytes. On the basis of data on iIntestinal
absorption, i1t i1s expected that D-tagatose will not interfere with
the hepatocellular uptake of fructose.

Fructokinase has a higher affinity to fructose than to D-tagatose
(Sanchez et al., 1971; Raushel & Cleland, 1973, 1977). Accordingly,
it is more likely that fructose slows down the phosphorylation of D-
tagatose than vice versa. It is consistent with this notion that D-
tagatose at a concentration of 0.35 mM reduces the phosphorylation
of fructose (0.05 mM) in vitro by only 10% (Malaisse et al., 1989).

Under physiological conditions, D-tagatose will not reach iIntracel-

lular concentrations that could be inhibitory to fructokinase.

ADP 1s known to inhibit fructokinase. However, the consumption of 30

g D-tagatose decreases ATP levels in the human liver by only about
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10% (Buemann et al., 2000a). At the expected levels of intake of D-
tagatose, this decrease will be much smaller. The corresponding in-
crease of the ADP concentration would not suffice to produce any

significant inhibition of fructokinase.

Fructose-1-phosphate inhibits fructokinase only at relatively high
concentrations (K; = 12 mM) (Raushel & Cleland, 1977). The K; of D-
tagatose-1-phosphate has not been determined. However, D-tagatose-1-
phosphate concentrations will remain below 1 mM [maximum concentra-
tion found iIn the human liver after intake of 30 g D-tagatose (Bue-
mann et al., 2000a)]- It is unlikely that D-tagatose-1l-phosphate
will significantly inhibit fructokinase at the low concentrations

which are encountered after ingestion of D-tagatose.

In the perfused rat liver, fructose (0.5 mM) was phosphorylated rap-
idly even 1in the presence of D-tagatose (0.5 mM) (Quistorff &
Therkelsen, 1999).

Since both fructose and D-tagatose induce increased glycogen deposi-
tion In the liver and, at high doses, transient compensatory hepato-
cellular growth, a concomitant administration of the two sugars could
be thought to produce an additive (or even synergistic effect). The
liver weight data of rats (retired breeders) that received diets with
15% sucrose, 15% D-tagatose, 5% D-tagatose plus 10% fructose, and 15%
fructose for 90 days demonstrate that this is not the case. While ab-
solute and relative liver weights were significantly increased in the
15% D-tagatose group, there was no difference of liver weights be-
tween the 5% D-tagatose + 10% fructose group and either of the two
controls (15% sucrose and 15% fructose) (Saunders, 1992). The absence
of an additive or synergistic effect on liver enlargement 1s con-

firmed by the results of a 6-month and a 24-month study in which one
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group of rats received a diet with 10% tagatose + 10% fructose (Lina
& de Bie, 2000d; Lina & Kuper, 2002).

In conclusion, there is no reason to expect an interference of D-
tagatose on fructose absorption and fructose metabolism. The avail-
able enzyme Kkinetic data indicate that D-tagatose, at the levels
which may occur transiently in the circulating blood or within
cells after intake of D-tagatose containing foods, will not affect

the metabolism of co-ingested fructose.

10.7. Intake of D-tagatose by individuals with hereditary fruc-

tose intolerance

10.7.1. Inadvertent consumption does not represent a risk for
health

Subjects with hereditary fructose intolerance (HFI) are a subgroup
of the population which should avoid the intake of fructose. HFI 1is
a rare autosomal recessive metabolic disorder with an incidence of
between 1 in 12,000 to 1 in 130,000 (Steinmann et al., 1975; James
et al., 1996). HFI 1is caused by a defect in the gene encoding for
aldolase B. This enzyme splits fructose-1-P (and tagatose-1-P) as
well as fructose-1,6-diphosphate to produce two 3-carbon fragments.
The symptoms of HFI result from the intracellular accumulation of
Fru-1-P (which is osmotically active) and the corresponding seques-
tration of phosphate which leads to a depletion of ATP, hypophos-

phatemia and finally hyperuricemia due to AMP degradation.

Considering these mechanisms and the fact that fructose and D-

tagatose are metabolised via the same biochemical pathways using
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the same enzymes, i1t must be assumed that D-tagatose produces the
same effects iIn HFl subjects as fructose. However, several-fold
higher intakes of D-tagatose may be required to produce these ef-
fects because of its incomplete absorption (about 20% of the in-

gested dose).

In a strict, prescribed diet for older children, fructose intake is
limited for HFl subjects to 20-40 mg/kg bw/d; in a self-imposed
diet according to individual tolerance, fructose intakes of up to
100-200 mg/kg bw/d may be acceptable for older children and adults
(van den Berghe, 1997). Considering the Jlower absorption of D-
tagatose, about five-fold higher levels of this sugar may be toler-
ated. The 1inadvertent consumption of D-tagatose containing TfToods
will, therefore, not expose HFl subjects to a significant health
risk.

It should be noted that another substance which is on the market
since a long time, namely sorbitol, should also be avoided in a HFI
diet. Sorbitol is widely used as a non-cariogenic bulk sweetener
and humectant. Like D-tagatose, it is absorbed only partly (@about
20%) and is converted after absorption almost completely to fruc-
tose by sorbitol dehydrogenase.

10.7.2. Measures ensuring that HFI patients know to avoid D-
tagatose containing foods

HF1 is typically detected very early in life. Infants with HFI are
perfectly healthy and free of symptoms as long as they do not in-
gest any fTood containing fructose. However, Tfirst symptoms arise
when infants receive their first supplementary foods beside breast
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or bottle feeding (adapted milks). Most of these food supplements
contain sucrose and/or fructose (e.g., from orange juice, mashed

fruits etc.) which then trigger the occurrence of symptoms.

In small children, the leading symptoms of HFI are failure to
thrive, protracted vomiting, frequent attacks of hypoglycemia with
occasional unconsciousness, jaundice, albuminuria and aminoaciduria
(Froesch, 1978). Introduction of a fructose-free diet results in
rapid alleviation of these symptoms and a subsequent recovery.
Later, these children develop a strong aversion against all sweet
foods including fruits, thereby protecting themselves against the
sequelae of HFI. This distaste of sugar is most likely the result
of the unpleasant effects like sweating, trembling, dizziness, nau-
sea and vomiting which iImmediately follow the 1ingestion of even
small amounts of fructose. This explains why a chronic picture of
HF1 does not exist in adults and why the teeth of HFI patients are,

as a rule, 1n extraordinarily good condition.

Because of the symptoms of HFI, all subjects suffering from this
disorder are very well aware of their condition. Despite the low
incidence of HFI, health professionals (pediatricians, dietitians,
etc.) are also well informed about this intolerance and about the

importance of dietary counselling for HFl subjects.

In most countries, metabolic disorders are managed through network
of health care professionals. In addition, HFl patients may be as-
sisted directly by respective self-help groups. Therefore, the most
appropriate and effective strategy for advising HFI individuals
about the fructose-like properties of D-tagatose would be via noti-
fication of the relevant health professionals and HFI-individuals

through the established organisations and the medical press. Re-
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spective articles and letters should be released when D-tagatose 1is

put on the market.

In view of the low incidence of HFI, the fact that this is not a
life-threatening condition in adults, and the fact that HFI sub-
jects are unlikely to consume products with D-tagatose because they
have a general aversion against sweet foods, it does not appear
jJustified to introduce a special information statement on the food
label. Probably for these same reasons, such a statement is also
not required for sorbitol containing foods which are on the market
already. It apparently suffices to refer to the presence of D-
tagatose (or sorbitol) in the list of ingredients and to ensure
that the health profession is adequately informed about the fruc-

tose-like properties of D-tagatose.

10.8. Intake of D-tagatose by individuals with milk allergy

Milk contains different proteins that may act as allergens and can
cause allergic reactions 1iIn subjects with milk allergy. Alpha-
lactalbumin and beta-lactoglobulin, both present in the whey frac-
tion of milk, are most often involved in IgE-mediated allergic re-
actions. In recognition of the risks of allergic reactions, many
countries have introduced legislation which requires that the pres-
ence of milk and milk-derived products is clearly indicated on the
label of processed foods. This requirement also applies for lactose
which is produced from whey and may contain small amounts of milk

protein.*

4 Directive 2000/13/EC as amended by Directive 2003/89/EC requires that products derived
from milk (including lactose) must be labeled in such a way that their origin from milk
is clearly apparent to consumers who may suffer from an allergy to milk protein. Lactose
may, for example, be referred to as "milk sugar"™ [FSA Guidance Notes on the Food Label-
ing (Amendment) (No. 2) Regulations 2004].
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Since D-tagatose 1is produced from lactose, the question arises of
whether traces of milk protein could be carried over from the raw
material (lactose) into the final product. Considering the produc-
tion process of D-tagatose which includes treatment with heat, al-
kali, i1on exchange resins and activated carbon, i1t appears highly
unlikely that protein could occur in the final product. Yet, in or-
der to have experimental proof, D-tagatose was tested for the pres-
ence of whey protein using an ELISA test. For comparison, lactose
(three different grades) and purified whey protein concentrate
(Lacprodan 80, Arla Foods) were included in the test. There was no
indication for the presence of whey protein in D-tagatose (Annex 4)
(Taylor et al., 2005). Whey protein was found, however, in two of
the three tested lactose products.

In view of the absence of whey protein in D-tagatose, no benefit is
apparent for consumers, including those with established milk al-
lergy, from a particular labeling that would identify D-tagatose as
an indirectly milk-derived product.

10.9. Intestinal side-effects

Intestinal side-effects such as borborygmi, nausea, flatulence and
stool softening, may occur in susceptible individuals after con-
sumption of more than 10-15 g D-tagatose (ingested as a single
dose) (Donner et al., 1999; Boesch et al., 2001). The tolerable to-
tal daily dose is a multiple of the tolerable single dose since the
intestinal effects are not cumulative over time. Thus, total daily
doses of 45 g D-tagatose did not produce unacceptable side-effects
(Boesch et al., 2001).
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The intake of D-tagatose from all intended uses combined does not
reach 10 g per eating occasion for the 90" percentile consumer of
any age group (Table 3). Therefore, there appears to be no need for

a warning statement on the label of D-tagatose containing foods.

However, the list of intended uses is only exemplary (i.e., reflect-
ing the current knowledge of D-tagatose uses) and thus may be subject
to changes as new applications of D-tagatose emerge. The application
of an information statement (“'excessive consumption may produce laxa-
tive effects’™) may, therefore, be feasible on the label of foods con-

taining more than 15 g D-tagatose per serving.’

Council Directive 96/21/EC amending Directive 94/54/EC requires a corresponding state-
ment on foods containing more than 10% added polyols. However, the occurrence of intes-
tinal effects is related to the amount but not the concentration of unabsorbed polyols
or, for the same purpose, unabsorbed sugars. Therefore, it appears more justified to
use the expected intake rather than the applied concentration as parameter which trig-
gers information labeling. This view also underlies the US regulation on sorbitol which
requires that food whose reasonably foreseeable consumption may result in a daily in-
gestion of 50 grams of sorbitol shall bear the statement: "Excessive consumption may
have a laxative effect” (21 CFR § 184.1835).

However, since the occurrence of intestinal effects is related more to the intake per
eating occasion than the total daily intake, it would appear more feasible to make the
information labeling dependent upon the foreseeable intake per serving (i.e., eating
occasion).
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11. SUMMARY AND CONCLUSIONS

D-Tagatose is an epimer of D-fructose inverted at C-4. It is obtained
from D-galactose by base-catalyzed isomerisation in the presence of
calcium. D-Galactose i1s produced from lactose by enzymatic hydrolysis
using an immobilized lactase from Aspergillus oryzae. Aspergillus
oryzae 1s an accepted non-pathogenic and non-toxigenic source organ-
ism for enzymes used in the manufacturing of foods (21 CFR 137.105;
21 CFR 173.150; GRAS Notices Nos. 8, 34). The safety of the immobi-
lized lactase has been examined in a 90-day toxicity study iIn rats. A
liquid extraction test according to FDA guidelines has been performed
as well. Based on a comparison between the maximum potential exposure
to total extractives and the NOAEL of the immobilized lactase estab-
lished in the 90-day study, it is concluded that the immobilized lac-
tase from A. oryzae is fit for use In the production of D-tagatose.

Purification of the synthesized D-tagatose is achieved by chroma-
tographic separation, treatment with activated carbon and crystalli-
zation. The final product has a high purity (>98%). The only by-
product that can be detected by HPLC chromatography (with Rl detec-
tion) i1s D-galactose. Specifications have been adopted by JECFA at
its 55" meeting (Annex 3).

D-Tagatose has a sweetness which is only slightly less than that of
sucrose (@bout 75-92% depending upon concentration). Being absorbed
only incompletely and serving as a substrate for lactobacilli and
other lactic acid bacteria of the intestinal microbiota, D-tagatose
has prebiotic activity (Jensen & Buemann, 1998; Bertelsen et al.,
1999). In comparison to sucrose or fructose, D-tagatose offers the

additional advantages of a reduced energy value, a low glycemic in-
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dex, and toothfriendly (i.e., non-cariogenic) properties. Therefore,
D-tagatose may be used as a sugar substitute with prebiotic activity
in ready-to-eat cereals, low-fat/non-fat ice cream and frozen yogurt,
diet and health bars and diet soft candy, and formula diets intended
for use as a meal replacement iIn a weight control diet. Added at low
concentrations (<1%) to carbonated diet soft drinks, smoothies, baked
goods, milk chocolate, yoghurt, diet teas and coffee drinks, D-
tagatose can improve the taste and mouth-feel of these products. In
chewing gum, hard and soft candy, D-tagatose serves as a non-
cariogenic, energy-reduced sweetener that has a low hygroscopicity
and a lower cooling effect than some polyols. In icings, D-tagatose
may be used because of its low hygroscopicity and reduced energy
value. In table top sweeteners (spoon-for-spoon products), D-tagatose
provides bulk and synergistically enhances the sweetness.

Using US food consumption data (94-96 CSFIlI and supplement 98) and
assuming that D-tagatose would be used in all mentioned applications
(except chewing gum and formula diets) at the highest feasible con-
centrations, the two-day average intake has been estimated at about
4.6 and 9.8 g per day for the mean and 90%" percentile consumer
('user'™), respectively. Expressed in terms of g D-tagatose/kg body
weight/day, the highest intake is projected for preschool children
(age 2-5 years) with values of 0.19 and 0.37 g/kg bw/d for the mean
and 90™ percentile consumer (“'user'), respectively. For the users of
all age groups combined the estimated intake is 0.08 and 0.19 g/kg
bw/d for the mean and 90™ percentile consumer. The additional intake
from chewing gum is estimated at 0.030 - 0.035 g/kg bw/d for the av-
erage user (assuming a use level of 30%). The intake of D-tagatose 1is
evenly distributed over the different daily meals and snacks with an
average intake of 3.1 and 6.2 g per eating occasion for the mean and

90" percentile consumer, respectively.
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The absorption, distribution and excretion of D-tagatose has been ex-
amined in rats. Absorption data are also available from two studies
in pigs. About 20-25% of an oral dose is absorbed during small intes-
tinal passage iIn rats and pigs. From numerous data on the absorption
in humans of non-metabolizable hexoses of nearly identical molecular
size and hydrophilicity as D-tagatose, in particular L-rhamnose, it
is estimated that about 20% of an oral D-tagatose dose would be ab-

sorbed by man.

Absorbed D-tagatose is metabolized mainly in the liver. After phos-
phorylation by fructokinase to tagatose-l-phosphate, and cleavage of
this intermediate product by aldolase B, the metabolism of D-tagatose
converges with that of D-fructose. These first two steps proceed at a
lower rate for D-tagatose than fructose because of a somewhat lower
affinity of the two involved enzymes for D-tagatose and D-tagatose-1-
phosphate than for fructose and fructose-l1l-phosphate, respectively.
Since the K, of aldolase B is higher than that of fructokinase, taga-
tose-1-phosphate accumulates in the liver transiently but its concen-
tration remains low (<1mM after ingestion of 30 g D-tagatose) (Bue-
mann et al., 2000a). A corresponding transient accumulation of fruc-
tose-1-phosphate occurs after intake (or infusion) of fructose.

Not absorbed D-tagatose is fermented by the intestinal microbiota
like other Jlow-digestible carbohydrates (dietary Tiber) yielding
short-chain fatty acids as the main, absorbable end-products. The iIn-
gestion of D-tagatose leads to an increased density of Lactobacilli

and other lactic acid bacteria in the feces (prebiotic effect).

The toxicity of D-tagatose was examined in standard iIn vitro and in

vivo toxicity tests. Tests for bacterial gene mutation, chromosomal
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aberration, micronucleus formation (in vivo), and TK locus mutation
gave uniformly negative results demonstrating that D-tagatose is not
genotoxic (Kruger et al., 1999a). There was no mortality and no evi-
dence of toxicity upon acute oral administration of D-tagatose (10

g/kg bw) in rats and mice (Trimmer, 1989).

The subchronic and chronic toxicity of D-tagatose was tested in a 13-
week rat study according to standard guidelines. A subsequent 6-month
study was focused on potential effects of D-tagatose on the liver be-
cause significant liver enlargement was observed iIn the 13-week
study. A 24-month carcinogenicity study was conducted in Wistar rats
but the histopathological examination was limited to the liver and
those organs (adrenals, Kkidneys, testes) which exhibited changes in
response to the chronic dietary administration of other low-
digestible carbohydrates in earlier rat studies.

In the 13-week subchronic toxicity test, rats received D-tagatose
with the diet at dietary levels of 0, 5, 10, 15 and 20%. The occur-
rence of soft stool iIn most of the rats of the 15 and 20% dose groups
during the first few days of the study were attributed to the incom-
plete absorption of the test substance (osmotic diarrhea). Otherwise,
no reactions to the treatment were observed. Body weights were about
10% below controls in the 20% dose group at the end of the study. No
toxicological relevance was attributed to a slight, yet statistically
significant reduction of hemoglobin and hematocrit in males and fe-
males of the 15 and 20% dose groups.® Serum cholesterol was increased
in the 15 and 20% dose group. Serum enzymes levels (y-GT, ALAT, ASAT)
were not iIncreased in response to the treatment. The terminal exami-

nation revealed increased absolute and relative liver weights 1in

® A separate in vitro study demonstrated that D-tagatose (unlike L-sorbose) does not cause
hemolysis of dog erythrocytes but rather has a stabilizing effect on these cells as it
has on cultured hepatocytes (Bar & Leeman, 1999).
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males and females of the 10, 15 and 20% dose groups. A number of
other, numerically small, yet statistically significant changes of
relative but not absolute organ weights were attributed to changes of
body weight and body composition’. Histopathological examination of
organs and tissues revealed no changes iIn response to the D-tagatose
treatment, except for a mild hepatocellular hypertrophy iIn some rats
of the 15 and 20% dose groups.® With regard to liver enlargement, the
5% dietary level was the NOEL. At this level D-tagatose intake was
3.7 and 4.1 g/kg bw/d for male and female rats, respectively (Kruger
et al., 1999c).

The effect of D-tagatose on the liver of rats was further examined in
a 6-month study in which groups of 60 male Wistar rats received diets
containing O (controls), 5 and 10% D-tagatose, 20% fructose, and 10%
D-tagatose + 10% fructose. Ten rats of each group were killed on day
3, 7, 14, 28, 94 and 182 of the study after overnight fasting. Abso-
lute and relative liver weights did not differ between controls and
treated groups at any time. At the high dose level D-tagatose intake
was 5.8 g/kg bw/d over the first four weeks and 4.8 g/kg bw/d over
the entire 6-month period (Lina & de Bie, 2000d). In view of the sig-
nificant, D-tagatose-induced Uliver enlargement 1iIn Sprague-Dawley
rats, the different outcome In Wistar rats was unexpected. In order
to investigate the possibility of a strain-related difference, the
sensitivity of six different rat strains was, therefore, tested in a
study of shorter duration (4 weeks) but applying a higher dietary
level of D-tagatose in the test diet (20%). The relative liver
weights of the overnight fasted rats were significantly increased in

all strains (only males were tested). However, the magnitude of the

" D-tagatose fed rats have smaller fat deposits than control rats (Lina & de Bie, 2000d).

8 No ultrastructural abnormalities were seen by electron-microscopic examination of the
liver of a small number of pigs who had ingested D-tagatose at doses of about 2.5 and 5
g/kg bw/d for 33 days (Mann, 1997).
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effect was biggest iIn Sprague Dawley rats and smallest iIn Wistar rats
(Appel, 2002).

The biochemical and morphological characteristics of D-tagatose in-
duced liver enlargement were examined in a 4-week study with male 10
to 11-week-old Sprague-Dawley rats. Groups of 20 rats received a diet
containing 0, 5, 10 and 20% D-tagatose. The animals were Killed in
the non-fasted condition. The livers of 5 rats/group were processed
for electron-microscopic examination. In the livers of 6 rats/group
marker enzymes of peroxisome proliferation were measured. DNA synthe-
sis (Ki-67 index) and nuclear density were determined in the livers
of another 6 rats/group. Liver weights were significantly increased
in linear relation to the D-tagatose intake. Except for an increased
glycogen accumulation, no ultrastructural changes were seen on EM ex-
amination of Ilivers of the high-dose group. Acyl-CoA oxidase and
CYP4Al activity were increased but the magnitude of this increase was
considered too small for being indicative of peroxisome prolifera-
tion. EM examination confirmed the absence of peroxisome prolifera-
tion. The Ki-67 index did not differ between the groups but a dose-
related decrease of the number of nuclei per unit area signified some
hepatocellular hypertrophy or swelling probably due to the increased
glycogen deposition (Lina et al., 1998; Bar et al., 1999).

A chronic (24-month) toxicity/carcinogenicity study was conducted in
Wistar rats. For reasons of animal availability, the specific strain
used In this study (Hsd Cpb:WU) was not the same as was used in the
6-month study (Cpb:WI(WU)BR) and in earlier chronic studies on other
low-digestible carbohydrates at the same contract institute (TNO,
Zeist, The Netherlands). The study was conducted according to stan-
dard OECD Guidelines except that the evaluation of organ weights was

limited to the liver, Kidneys, adrenals, testes and cecum and the
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histopathological evaluation to these same organs except the cecum.
The test substance was administered with the diet at levels of O,
2.5, 5 and 10%. Two additional comparison groups received diets with
10% D-tagatose plus 10% fructose or 20% fructose.

The treatment had no adverse effect on mortality, ophthalmoscopic
changes, hematological and clinical chemical parameters. Relative
liver weights were 1increased in the 10% D-tagatose group (females
only) and in the 10% D-tagatose + 10% fructose group (both sexes),
demonstrating that D-tagatose at the high dose level produced the ex-
pected liver enlargement in the applied rat strain. The histopa-
thological examination demonstrated, however, that this liver
enlargement had no adverse consequence for the morphological integ-
rity of this organ. Since plasma liver enzymes and other liver re-
lated clinical parameters were also not affected by the treatment, it
must be concluded that the observed liver enlargement represents a
physiological adaptive response to the D-tagatose treatment. Mecha-
nistic studies suggest that a D-tagatose induced increase of the he-
patic glycogen deposition triggers the (compensatory) growth of this
organ (Lina & Kuper, 2002).

The relative weights of kidneys, adrenals and testes also appeared to
be increased in response to the D-tagatose treatment. The histopa-
thological examination revealed nephrocalcinosis and adrenomedullary
proliferative changes. No alterations were observed iIn the testes.
Nephrocalcinosis (mainly of the pelvic and corticomedullary type and
predominantly in females) iIs a common observation In rats (and mice)
fed low digestible carbohydrates. The main causative factor iIs a
treatment-induced iIncrease of the intestinal calcium absorption and
thus urinary calcium excretion. Other factors, such as the mineral

composition of the diet or a treatment related increase of urinary
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uric acid, may have a modulating effect on the incidence and severity
of the mineral deposition. Another more indirect consequence of the
increased calcium absorption is the promotion of adrenomedullary pro-
liferative disease. The spontaneous incidence and severity of this
condition varies substantially between different strains of rats with
males usually exhibiting a higher spontaneous incidence and a corre-
spondingly higher sensitivity to treatment-induced effects. The Wis-
tar strain applied in this study had a rather high spontaneous inci-
dence of adrenomedullary hyperplasia and neoplasia. It is, therefore,
not surprising that the incidence of adrenomedullary proliferations
(all degrees combined) was increased even at the lowest D-tagatose
level tested (Lina & Bar, 2003).

However, it must be noted that nephrocalcinosis and adrenomedullary
proliferative changes are well-known consequences of the dietary ad-
ministration of low-digestible carbohydrates (polyols, lactose) in
rats which do not have any significance for human safety. This iIs re-
flected, for example, by the allocation of an ADI "not specified” by
JECFA for sorbitol, xylitol, mannitol and lactitol, all of which pro-
duced nephrocalcinosis and adrenomedullary proliferative disease in
rats.

An embryotoxicity/teratogenicity study was conducted 1in Sprague-
Dawley rats with administration of D-tagatose by gavage at levels of
up to 20 g/kg bw/d from day 6-15 of gestation. There were no signs of
maternal toxicity, embryotoxicity or teratogenicity. Reproductive
performance was not affected by the treatment. Relative liver weights
of dams were increased iIn the mid and high dose groups (12 and 20
g/kg bw/day, respectively). No morphological changes were seen on mi-
croscopic examination of the livers (Kruger et al., 1999b).
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The iIntestinal tolerance of D-tagatose was examined iIn several hu-
man studies. At doses of up to 15-20 g per eating occasion, flatu-
lence was usually the only side-effect noted (Boesch et al., 2001;
Lee & Storey, 1999; Donner et al., 1999). At higher levels, addi-
tional symptoms, such as nausea, borborygmi, colic and laxation,
may occur reflecting the presence iIn the gut of an osmotically ac-
tive substance (Buemann et al., 1999c; Saunders et al., 1999a). The
spectrum of the intestinal symptoms and thelr approximate
dose/response relationship are similar for D-tagatose and other in-

completely absorbed carbohydrate or polyols (Lee & Storey, 1999).

The tolerance of D-tagatose with regard to a number of metabolic
and clinical parameters was examined in healthy and type-2 diabetic
volunteers. Under the applied conditions D-tagatose was well toler-
ated [75 g/d for 8 weeks in healthy and diabetic volunteers (Saun-
ders et al., 1999a); 45 g/d for 12 months in healthy and type-2
diabetic volunteers (Makris, 1999); 45 g/d for 28 days iIn healthy
volunteers (Boesch et al., 2001)]. No adverse effects were seen on
fasting plasma uric acid levels, plasma enzymes, lipids and other

clinical parameters.

The potential effects of D-tagatose on liver volume and glycogen
deposition were examined in a study with 12 healthy male volunteers.
D-Tagatose (test substance) or sucrose (placebo) were administered at
a dose of 45 g/d (divided in three equal daily doses consumed with
the main meals). Each treatment period lasted for 28 days (double-
blind, two-way crossover design). Liver volume was measured in the
morning of day 1 and 29 after overnight fasting. While there was a
general increase of liver volumes during the study, there was no sig-
nificant difference between the treatments. Plasma enzyme levels and

other clinical-chemical parameters were not affected by the treat-
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ment. The iIngestion of a standard breakfast with 15 g D-tagatose or
sucrose did not produce differences of liver volume and liver glyco-
gen concentration 5 hours after intake as measured by Nuclear Reso-
nance Imaging and Nuclear Resonance Spectroscopy, respectively
(Boesch et al., 2001).

From the available metabolic and toxicological data of D-tagatose
three issues were identified that required particular consideration
in the safety assessment of this substance. These issues are, (1) the
D-tagatose induced liver enlargement in rats, (2) a small increase of
plasma uric acid observed iIn humans after ingestion of 30 and 75 g D-
tagatose, and (3) the possibility of metabolic iInteractions between
D-tagatose and fructose which 1is consumed in considerable amounts
with a regular human diet.

(1) With regard to the D-tagatose induced liver enlargement in rats
it 1s relevant that i1t was reversible on cessation of the treat-
ment and that it was not accompanied by any morphological or ul-
trastructural changes, even in 24-month carcinogenicity study.®
It appears, therefore, that the increased liver mass is the re-
sult of normal hepatocellular growth.

D-Tagatose administered at dietary concentrations of >5% leads
to an iIncreased accumulation of glycogen in the liver of rats.
It is hypothesized that this iIncreased work-load triggers a
compensatory growth of the liver. Observations from a rat
strain with chronically increased liver glycogen (due to a ge-

netic defect) confirm that this condition has no adverse conse-

® A similar observation was made in a long-term feeding study with fructose. The increase
of relative liver weight above control levels decreased rather than increased with dura-
tion of the treatment (Poulsom, 1986).
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quences even in the long term (Malthus et al., 1980; Clark &
Haynes, 1988).

Fructose and sucrose administered at dietary levels of >20% and
>40%, respectively, also increase liver glycogen deposition and
may produce liver enlargement 1in sensitive strains of rats
(Bar, 1999). Nonetheless, the administration of sucrose (20% in
the diet) for 2 years did not produce any adverse effects in
the liver of rats (Hunter et al., 1978 cited in Bar, 1999).

In humans, increased liver glycogen and liver enlargement may
be seen iIn subjects with poorly controlled diabetes. Even 1if
persistent, this condition is not associated with degenerative
changes (fibrosis) of the liver tissue (Chatila & West, 1996).

A study in adult human volunteers demonstrates that the daily in-
gestion of 45 g D-tagatose (0.6 g)/kg bw/d) for 28 days has no
effect on liver volume (Boesch et al., 2001).

It follows from all these observations that D-tagatose under the
conditions of intended use with an estimated intake of 0.08 and
0.19 g/kg bw/d for the mean and 90" percentile user, respectively
will not adversely affect the human liver.

(2) With regard to effects of D-tagatose on plasma uric acid lev-
els, it 1s well known that the intake of fructose also produces
a slight raise of plasma uric acid levels. In fact, there ap-
pears to be a dose/response relationship of this effect for
both tagatose and fructose. A comparison of the data suggests
that D-tagatose is about 2-3 times more efficient than fructose

in raising plasma uric acid levels (Table 4, Figure 6). Yet,
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the data also demonstrate that, at the projected intake of D-
tagatose from the intended use in food, the increase of plasma
uric acid will be negligible in absolute terms and will remain
well within the range of changes that result from the consump-
tion of ordinary foods. This i1s also true for subjects with
pre-existing hyperuricemia (Diamantis & Bar, 2002).

With regard to the possibility of metabolic iInteractions be-
tween D-tagatose and fructose, enzyme Kkinetic considerations
and data from a liver perfusion study indicate that D-tagatose
at the levels which may result from its intended use, will not

interfere with the metabolism of co-ingested fructose.

In conclusion, there is a substantial body of evidence to support

the safety of D-tagatose as a food ingredient.

On the basis of the available toxicological data on D-tagatose and

in consideration of the close similarity between the metabolic ef-

fects of D-tagatose and fructose, i1t is concluded that D-tagatose,

at the i1ntake which would result from i1ts intended uses in food,

does not present a significant risk for human health.
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Figure 1 Molecular Structures
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Figure 2

Production of D-tagatose
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Figure 3 Increase of relative liver weights in rats ingesting diets with different levels of
fructose, sucrose and D-tagatose for > 3 weeks (data from 20 different studies?)
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Legend: Black, green and red symbols represent liver weights of rats fed diets with fructose, sucrose a
D-tagatose, respectively. Controls received corresponding diets with glucose or starch. Filled and empty

symbols signify killing of rats under non-fasted or fasted conditions, respectively. A crossed symbol was
used when the feeding condition was not specified.

(For references see Bér, 1999)
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Figure 4. Mechanism of D-tagatose induced liver enlargement in rats
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Figure 5

Plasma uric acid (mmol/L)

Plasma uric acid before and after intake of a standard breakfast containing about 999 starch and
15 g D-tagatose or sucrose on day 1 of each treatment period (Boesch et al., 2000)
Note. Values are means + SD (n = 12 male volunteers). The value at 1 hour after intake of the breakfast with D-tagatose was
significantly elevated above the baseline value (p <0.05) but it was not different from the value at 1 hour after intake of
the breakfast with sucrose.
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Figure 6

Effect of single oral doses of D-tagatose, fructose or sucrose on serum uric acid (maximum
postprandial increase above baseline)
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Note: Results of 14 publications are shown; n = 5-12 subjects/treatment.
References: Boesch et al., 2001; Buemann et al., 2000a, b; Davies et al., 1998; Forster & Ziege, 1971, Diamantis & Bar,

2001, 2002; Forster et al., 1972; Kelsay et al., 1977; Macdonald et al., 1978; Menghini & Della Corte, 1987; Reiser et al.,
1984;Saunders et al., 1999a; Seegmiller et al., 1990, Stirpe et al., 1970.
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Table 1

Intended applications of D-tagatose in foods and maximum levels of use

Proposed Use of

D-Tagatose
(g per 100 g food as
Food Category Description of Foods Functionality consumed)
Baked goods Cookies, quick breads, muffins, and quick bread type coffee cakes Flavor enhancer 2
. “Diet” and “sugar-free” carbonated beverages; non-carbonated
Beverages: diet/reduced : ; . .
. beverages sweetened with low-calorie sweeteners — includes milk-
calorie carbonated and non- - . ; Flavor enhancer 1
based beverages, juices, juice drinks, teas, and coffee-based
carbonated beverages . . ;
beverages (ready-to-drink, prepared from mix, and dry mix forms)
Coffee drinks Coffee drinks such as cappuccino and latte Flavor enhancer 1
Frozen milk-based desserts, | Lightice cream (ice milk), frozen milk desserts, low fat and nonfat .
) Nutritive substance 3
reduced/low fat frozen yogurts, and related frozen novelties
Hard candies Hard candies, including regular and dietetic candies Nutritive substance 15
Health bars and diet soft Low fat, reduced fat, diet meal, energy, or nutrient fortified bars; .
; o , Nutritive substance 10
candies dietetic soft candies
Icings Icings _(or glazes), such as thpse used on cookies, pgstrles, Nutritive substance 30
brownies, and angel food, chiffon, and pound cakes
Meal replacement beverages, diet meal beverages, nutrient 5 g per servin
Meal supplement beverages (ready-to-drink, prepared from mix, and dry 9p g
: " (240 mL)
replacement/supplement mix forms) Nutritive substance
beverages Protein drinks, including supplements and diet beverages (ready-to- 1
drink, prepared from mix, and dry mix forms)
Milk chocolate Milk chocolate candies and coatings/coverings Flavor enhancer 3
Ready-To-Eat cereals All Ready-To-Eat cereals Nutritive substance 3 g per serving
Smoothies Fruit and dairy “smoothie” type beverages Flavor enhancer 1
Soft/chewy candies such as caramels, toffees, taffies, nougats, Flavor enhancer
Soft/chewy candies creams, fudges, fondant, and fruit-based confectionery (excluding and nutritive 3
marshmallows, soft jellies, gummis, panned candies, and licorice) substance
Chewing gum Toothfriendly (non-cariogenic) chewing gum Nutritive substance 30

Table top sweeteners, low
calorie

Sugar substitutes/replacements

Nutritive substance

1 g per serving

Yogurt

Yogurt

Flavor enhancer

2
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Table 2 Estimated two-day average intake of D-tagatose from its proposed uses

in food”
Intake?
Age group g/kg bw/d g/person/d
mean  90th perc. mean 90th perc.
Total population (age > 2 years) 0.08 0.19 4.6 9.8
Preschoolers (age 2-5 years) 0.19 0.37 3.2 6.2
Elementary school children 0.14 0.28 4.3 8.5

(age 6-12 years)

Teenagers (age 13-19 years) 0.08 0.16 4.7 9.5

Adults (age > 20 years) 0.06 0.14 4.8 10.5

b Chewing gum and food supplements are not included (see section 5 for a discussion of EDI from these
uses).

2 Data source: 1994-96, 1998 Continuing Survey of Food Intakes by Individuals; includes individuals with
2-day diet recalls; excludes breastfeeding children and pregnant and/or lactating females.

GRAS_MANU1_TAB2_020804.xls



Table 3 Estimated intake of D-tagatose per eating occasion from its
proposed uses in food combined”

Age Group Eating occasion Intake per user (g/person/d)

mean 90th perc.

Total population (age > 2 years)

Per eating occasion 3.1 6.2
Breakfast 3.9 7.4
Lunch? 2.9 5.8
Dinner 2.8 5.8
Supper 2.9 6.0
Snack 2.4 4.9

Preschoolers (age 2-5 years)

Per eating occasion 2.2 4.5
Breakfast 3.2 5.8
Lunch 1.6 3.6
Dinner 1.7 3.6
Supper 1.6 3.6
Snack 1.4 3.4

Elementary school children (age 6-12 years)

Per eating occasion 2.8 6.0
Breakfast 4.3 7.4
Lunch 1.6 3.8
Dinner 2.2 5.0
Supper 2.2 4.7
Snack 2.1 4.5

Teenagers (age 13-19 years)

Per eating occasion 3.6 7.4
Breakfast 4.9 8.5
Lunch 3.0 6.2
Dinner 3.1 5.9
Supper 34 6.6
Snack 2.7 5.9

Adults (age > 20 years)

Per eating occasion 3.2 6.2
Breakfast 3.8 7.4
Lunch 3.2 6.0
Dinner 3.0 5.9
Supper 3.0 6.0
Snack 2.5 5.0

! Based on USDA CSFIl 1994-96 data, intake from chewing gum and formula diets not included
% Lunch combines reported consumption at both lunch and brunch
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Table 4 Results of genotoxicity studies with D-tagatose

Test Test system Concentration Result Reference
Bacterial gene S. typhimurium 100 - 5000 mg/plate Negative Lawlor, 1993;
mutation 2 (TA 1535, TA 1537, Kruger et al., 1999a

TA 1538, TA 98,

TA 100); E.coli

(WP2uvrA)
Chromosomal Chinese hamster 1250 - 5000 mg/ml Negative Murli, 1994a;
aberration *" ovary cells Kruger et al., 1999a
Micronucleus for- CD-1 mouse bone 1250-5000 Negative Murli, 1994b;
mation ° marrow mg/kg bw (p.o.) Kruger et al; 1999a
TK-locus Mouse lymphoma 500 - 5000 mg/ml Negative Cifone, 1994,
mutation *¢ cells (L5178Y) Kruger et al., 1999a

a)

o

)
° treatment time, 4 h.
)

d

termination 24, 28 and 72 h after dosing.

with and without exogenic metabolic activation (rat liver S9 fraction).
treatment time, 7.4 h (without activation), 2 h (with activation); harvest time, 10 h.
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Table 5

Results of oral toxicity studies with D-tagatose

Type of study Species (n) :Dose level Results NOAEL References
(% of diet) (% of diet and/or
g/kg bw/d)
Acute toxicity test Rats (5/sex) 10 g/kg bw No mortality or reaction to treatment 10 g/kg bw Trimmer, 1989
Mice (53) (single dose)

Subchronic (90-d) S-D rats 0, 5, 10, 20% Soft stools (day 1-3); reduced weight gain in 5% Trimmer et al., 1993
toxicity study (20/sex/group) i10%fruc+10%cellulose 20% group; increased abs. and rel. liver weights [3.7(3) and Kruger et al., 1999c

in 10, 15, 20% tag groups, some hypertrophy of 4.1(9) g/kg bw/d]

hepatocytes in 15, 20% group?)
Subchronic (29-31 d) S-D rats 0, 5, 10, 20% tag Dose-dependent increase of liver glycogen and nd? Lina et al., 1998;
study on liver (203/group) liver Weighf). No ultrastructural (EM) changes Bar et al., 1999
parameterse) of liver tissue except increased glycogen depo-

sition. Slight hypertrophy of hepatocytes.

Slightly increased ALAT, ASAT in 20% tag group

probably in response
Subchronic (6-month) Wistar rats 0,5,10% tag, 20% fru, 10% tag + :Only liver and plasma parameters were examined. No 10% of diet Lina & de Bie, 2000d
toxicity study (608/group) 10% fru. Interim kills on days increase of liver weight and no histopathological [5.8 g/kg bw/d (day 1-28);

3,7, 14, 28, 94, 128 (103 /group)

changesa); no changes of plasma parameters.

4.8 g/kg bw/d (day 1-128)]
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Table 5 continued

Type of study Species (n) |[Dose level (% of diet) Results NOAEL References
Chronic (24-month) Wistar rats 0, 2.5, 5, 10% tag, 20% Examination of organ weights and his topathology limited|2.5% of diet Lina & Kuper, 2002
toxicity/carcinoge- fru, 10% tag + 10% fru to liver, kidneys, adrenals and testes (cecum: weight [< 1 g/kg bw/d] Lina & Bar, 2003
nicity study only). Liver enlargement in 10% tag ¢), 20% fru (?),

10% tag + fru (&,Q) but no morphological changes.

Increased nephrocalcinosis ind'& of all tag dose groups

and in 10% tag (?) and 10% + 10% fru (?). Increased

incidence of adrenomedullary proliferative disease in

2.5% tag (?), 5% tag (5,%), 10% tag (£,%) and 10% +

10% fru (3,9).
Energy balance study Pigs 0, 20% tag, 20% suc, No ultrastructural (EM) changes of liver tissue 5 g/kg bw/d Mann, 1997
(33-d) (2/group) 10% tag + 10% suc
Embryotoxicity / teratogeni-{ S-D rats 0, 4,8, 12, 16, Soft stool and diarrhoea at 20 g/kg bw/d Schroeder, 1994a
city study (range finding) |(59/group) 20 g tag/kg bw/d (day >12 g/kg bw. (No adverse (11 g/kg bw/d)

6-15 of gestation) effects otherwise).

Embryotoxicity / teratogeni-| S-D rats 0, 4,12, 20 g tag/kg Maternal liver weight increased in 12 and 20 g/kg bw 20 g/kg bw/d Schroeder, 1994b;
city study (24%/group) bw/d (day 6-15 of group. No morphological changes in liver. Kruger et al., 1999b

gestation)

No adverse effects otherwise.

Abbreviations: tag, D-tagatose; fru, fructose; suc, sucrose; ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; S-D, Sprague-Dawley; n.d., not determined; bw, body weight.

a)

b)

animals killed after overnight fasting
animals killed in the fed condition

% pased on effects on liver weight

9 liver weight cannot be used as a basis for determination of the NOAEL since rats were killed in the fed condition (increased
weight is partly due to liver glycogen accumulation). D-Tagatose intake was about 11.4 g/kg bw/d at the high-dose level.

® A series of additional studies on the effects of D-tagatose on liver weight and glycogen accumulation was performed but
their results are not shown in this table because toxicological end-points (e.g., histopathology) were not examined.
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Table 6

Effects of acute oral doses of D-tagatose vs. fructose on human blood uric acid levels

Reference

Boesch et al., 2001
Diamantis & Bar, 2002
Macdonald et al. 1978
Forster et al. 1972
Buemann et al. 1999b

Diamantis & Bar, 2001
Macdonald et al. 1978

Forster and Ziege 1971

Forster et al. 1972

Oberhaensli et al. 1987

Macdonald et al. 1978
Saunders et al. 1999a

Reiser et al. 1984

Macdonald et al. 1978
Stirpe et al. 1970
Davies et al. 1998

Type of Subjects

Healthy males
Hyperuricemic males
Healthy males
Healthy males
Healthy males
Healthy males
Healthy males
Healthy males
Healthy males
Healthy males
Healthy subjects
Healthy males
Healthy males
Diabetic males
Diabetic females
Healthy females

Healthy males and
females

Healthy males
Healthy males

Healthy males

A b b b © 00 ©

15 M,
8F

9
6
19

Sugar

D-Tagatose
D-Tagatose
Fructose
Fructose
Fructose
D-Tagatose
D-Tagatose
Fructose
Fructose
Fructose
Fructose
Fructose
D-Tagatose
D-Tagatose
D-Tagatose
D-Tagatose

Fructose

Fructose
Fructose

Fructose

Dose Relative
(9) Dose (g/kg
bw)
15¢ 0.19
15¢ 0.19
~18° 0.25
25 ~0.36°
30 0.39
30 0.39
30° 0.47
~35° 0.50
50 ~0.71°
50 ~0.71°
50 ~0.71°
~52° 0.75
75 0.74
75 0.87
75 0.87
75 0.93
69 0.93
~70° 1.00
~70° 1.00
75 ~1.07°

10 mg/dL is generally regarded as the level above which plasma uric acid becomes clinically
relevant (Fessel 1979).

Assumed body weight is approximately 70 kg.
No data were avaible.

Ingested together with 100 g starch
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Time of
Peak
Response
(minutes
after dose)

60
90
30
60
50
50
90
15
30
30
60
30
60
30
60
60
30

30
60
120

Normal
Range
(mg/dL)?

Baseline
(Time 0)
Level
(mg/dL)

5.6
10.2
7.0
54
6.1
6.0
4.9
7.0
6.5
6.4
c
7.6
8.0
7.2
5.2
3.8
51

7.8
4.8
52

Peak Level
(mg/dL)?

5.9
10.4
7.6
5.8
6.5
7.2
5.7
7.5
7.6
7.2

8.0
9.8
8.2
6.5
5.7
6.1

9.0
5.3
6.2

Increase Over
Baseline Level
(measured at time of
peak response)
(mg/dL)

0.4
0.2
0.6
0.4
0.4
1.2
0.8
0.5
11
0.8
0.4
0.4
1.8
1.0
1.3
1.9
1.0

1.2
0.5
1.0



