wo 2015/044222 A1 |JIN I 00O Y O O 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/044222 Al

2 April 2015 (02.04.2015) WIPOIPCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
g
A23L 2/58 (2006.01) A23L 1/275 (2006.01) kind of national protection available): AE, AG, AL, AM,
A23L 1/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
M I ional Applicati ber: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/EP2014/070400 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
C HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
24 September 2014 (24.09.2014) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
. ) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
01658/13 24 September 2013 (24.09.2013) CH kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: DSM IP ASSETS B.V. [NL/NL]; Het Over- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
loon 1, NL-6411 TE Heerlen (NL). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Tnventors: GRASS, Hansjoerg; c/o DSM Nutritional 55 1]\3/[Ec lalxii(FIﬂ/[FTR}\rGLB’I\IGoR’P}{RinI;Ué(I)E’Ig’ ISTE LSTI gg
Products Ltd, Patent Department / P.O. Box 2676, CH- SM, TR, OA’PI B’F B’J Cl; C,G C’I Cl’v[ éA &}N, >
4002 Basel (CH). HITZFELD, Andrea; c/o DSM Nutri- GW’ Kl\/)[ ML M(R NE ,SN ,TD T G > > - 0Q,
tional Products Ltd, Patent Department / P.O. Box 2676, > > > - NE, SN, TD, TG).
CH-4002 Basel (CH). Published:
(74) Agent: STECK, Melanie; DSM IP ASSETS B.V., Patent —  with international search report (Art. 21(3))

Department, Wurmisweg 576, CH-4303 Kaiseraugst (CH).

(54) Title: STABLE FORMULATIONS FOR COLORING BEVERAGES AND FOOD PRODUCTS

(57) Abstract: The present invention is directed to stable formulations comprising 2'-dehydro-plectaniaxanthin embedded in a mat-
rix of moditied food starch, to their manufacturing process as well as to the use of such formulations for coloring, enriching or forti -
fying beverages and food products and such beverages and food products which show an orange to red color.



10

15

20

25

30

WO 2015/044222 PCT/EP2014/070400

Stable formulations for coloring beverages and food products

The present invention is directed to stable formulations comprising 2’-dehydro-
plectaniaxanthin embedded in a matrix of modified food starch. Such formulations
are compositions which cannot be found in nature as such and which may
preferably be manufactured as disclosed in EP-A 937 412, EP-A 807 431 and EP-A 1
008 380.

At present there is a high demand of replacing currently used artificial azo dyes in
food and beverages by “natural” colorants. Thus, according to the present
invention the formulations, as well as the beverages and the food products
containing such formulations do not contain any artificial azo dyes. Furthermore it
is desired that the color of such beverages and food products containing natural
colorants is the same or nearly the same color of the beverages and food products
that contained the artificial azo dyes. Thus, the color appearance of such

beverages and food products should be maintained and not changed.

Furthermore, it is also an object of the present invention to provide a simple
process for the manufacture of formulations which can be used in an industrial

scale to produce large amounts of such formulations.

These objects are met with the 2’-dehydroplectaniaxanthin formulations according
to the present invention whereby the 2’-dehydroplectaniaxanthin is embedded in a
matrix of modified food starch. Thus, the 2’-dehydroplectaniaxanthin is protected
against degradation by oxidation. Surprisingly these formulations give an intense
orange color to beverages and food products they are incorporated in. Preferably
the color hue of the 2’-dehydroplectaniaxanthin formulations of the present
invention is in the range of from 55 to 75 if said formulation is mixed with water so
that the mixture contains 5 to 10 ppm of 2’-dehydroplectaniaxanthin. In this
concentration the mixture with water looks orange. If the 2’-

dehydroplectaniaxanthin is, however, used in a concentration of 50 ppm, such
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mixture looks red. Therefore, the formulations of the present invention can be

used to color beverages and food products with an orange to red color.

2’-Dehydroplectaniaxanthin

2’-Dehydroplectaniaxanthin is the compound of formula I. The term “2’-dehydro-
plectaniaxanthin” not only encompasses the (all-E)-isomer, but also any of its
mono-, oligo- or poly-(Z)-isomers. It can be obtained from natural sources or by

chemical synthesis.

The biosynthesis of plectaniaxanthin (compound of formula Il) has been described
in e.g. yeast, including e.g. Basidiomycetes, in particular Dioszegia sp. (Madhour et
al., Phytochemistry 2005, 66, 2617-2626), wherein lycopene is transformed via y-
carotene and torulene to plectaniaxanthin. Plectaniaxanthin can then be oxidized
to 2’-dehydroplectaniaxanthin. A chemical synthesis of 2’-dehydroplectaniaxanthin
is e.g. described in EP-A 630 578.

The formulation according to the present invention comprises preferably 0.1 to 25
weight-%, more preferably 0.5 to 20.0 weight-%, even more preferably 1 to 15.0
weight-%, most preferably 5.0 to 10.0 weight-%, of 2’-dehydroplectaniaxanthin,

based on the total weight of the formulation.

“Modified food starch”

A modified food starch is a food starch that has been chemically modified by known

methods to have a chemical structure which provides it with a hydrophilic and a
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lipophilic portion. Preferably the modified food starch has a long hydrocarbon

chain as part of its structure (preferably C5-C18).

At least one modified food starch is preferably used to make a formulation of this
invention, but it is possible to use a mixture of two or more different modified food

starches in one formulation.

Starches are hydrophilic and therefore do not have emulsifying capacities.
However, modified food starches are made from starches substituted by known
chemical methods with hydrophobic moieties. For example starch may be treated
with cyclic dicarboxylic acid anhydrides such as succinic anhydrides, substituted
with a hydrocarbon chain (see O. B. Wurzburg (editor), “Modified Starches:
Properties and Uses, CRC Press, Inc. Boca Raton, Florida, 1986, and subsequent
editions). A particularly preferred modified food starch of this invention has the

following formula (1)

Na+ ~ OO0

R—R' ()

A

O O—St

wherein St is a starch, R is an alkylene radical and R” is a hydrophobic group.
Preferably R is a lower alkylene radical such as dimethylene or trimethylene. R’
may be an alkyl or alkenyl group, preferably having 5 to 18 carbon atoms. A
preferred compound of formula (l) is an “OSA-starch” (starch sodium octenyl
succinate). The degree/extent of substitution, i.e. the number of esterified
hydroxyl groups to the number of free non-esterified hydroxyl groups usually varies
in a range of from 0.1% to 10%, preferably in a range of from 0.5% to 4%, more

preferably in a range of from 3% to 4%.

The term “OSA-starch“ denotes any starch (from any natural source such as corn,
waxy maize, waxy corn, wheat, tapioca and potato or synthesized) that was

treated with octenyl succinic anhydride (OSA). The degree/extent of substitution,
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i.e. the number of hydroxyl groups esterified with OSA to the number of free non-
esterified hydroxyl groups usually varies in a range of from 0.1% to 10%, preferably
in a range of from 0.5% to 4%, more preferably in a range of from 3% to 4%. OSA-

starches are also known under the expression “modified food starch”.

The term “OSA-starches” encompasses also such starches that are commercially
available e.g. from National Starch/Ingredion under the tradenames HiCap 100,
Capsul, Capsul HS, Purity Gum 2000, Clear Gum Co03, UNI-PURE, HYLON VII; from
National Starch/Ingredion and Roquette Freres, respectively; from CereStar under

the tradename C*EmCap or from Tate & Lyle.

In a preferred embodiment of the present invention a commercially available
modified food starch such as e.g. HiCap 100 (from National Starch/Ingredion) and
ClearGum Co03 (from Roquette Fréeres) is used. It is especially advantageous if such
a starch or an OSA starch in general is further improved according to a process as
disclosed in WO 2007/090614, especially according to a procedure as described in
examples 28, 35 and/or 36 of WO 2007/090614.

Thus, in a further improved embodiment of the present invention such a
commercially available starch has been centrifuged as an aqueous solution or
suspension before use. The centrifugation may be carried out at 1000 to 20000 g
depending on the dry mass content of the modified food starch in the aqueous
solution or suspension. If the dry mass content of the modified food starch in the
aqueous solution or suspension is high, the applied centrifugation force is also high.
For example for an aqueous solution or suspension with a dry mass content of the
modified food starch of 30 weight-% a centrifugation force of 12000 g may be

suitable to achieve the desired separation.

The centrifugation may be carried out at dry matter contents in the range of from
0.1-60 weight-%, preferably in the range of from 10-50 weight-%, most preferably
in the range of from 15-40 weight-% at temperatures in the range of from 2-99°C,
preferably in the range of from 10-75°C, most preferably in the range of from 40-
60°C.
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The formulation according to the present invention comprises preferably 60 to 99.8
weight-%, more preferably 70 to 90 weight-%, of modified food starch based on the
total weight of the formulation, whereby the preferred modified food starch is
commercially available OSA-starch, which is preferably further improved by
separating off insoluble parts as disclosed e.g. in WO 2007/090614 (examples for
centrifugation and microfiltration). If a mixture of two or more modified food

starches is present the total amount is also in the ranges as given above.

Further ingredients

Fat-soluble anti-oxidants

Suitable fat-soluble antioxidants are known to the person skilled in the art.
Preferably fat-soluble antioxidants are used that are approved for their application

in food products and beverages.

Preferred fat-soluble antioxidants are selected from the group consisting of
tocopherols, e.g. dl-a-tocopherol (i.e. synthetic tocopherol), d-a-tocopherol (i.e.

natural tocopherol), B- or y-tocopherol, or a mixture of two or more of these.

The most preferred fat-soluble antioxidant is dl-a-tocopherol.

Preferably the total amount of the fat-soluble antioxidants in the formulation
according to the present invention is in the range of from 0 to 1.5 weight-%, more
preferably it is in the range of from 0.01 to 1.0 weight-%, most preferably it is in
the range of from 0.1 to 0.5 weight-%, based on the total weight of the

formulation.

Water-soluble anti-oxidants

Suitable water-soluble antioxidants are known to the person skilled in the art.
Preferably water-soluble antioxidants are used that are approved for their

application in food products and beverages.
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Preferred water-soluble antioxidants are selected from the group consisting of
citric acid, citric acid salts, ascorbic acid, ascorbic acid salts (preferably sodium

ascorbate), as well as any mixture thereof.

Preferred water-soluble antioxidants are ascorbic acid, sodium ascorbate and citric

acid.

Preferably the total amount of the water-soluble antioxidants in the formulation
according to the present invention is in the range of from 0.1 to 4.0 weight-%,
more preferably it is in the range of from 0.1 to 2.0 weight-%, based on the total

weight of the formulation.

A preferred embodiment of the present invention is a stable formulation consisting
of 2’-dehydroplectaniaxanthin, a starch that was treated with octenyl succinic
anhydride, and an antioxidant, whereby the antioxidant can be fat-soluble or
water-soluble, with the preferred amounts as given above. Such formulation shows

an intense orange or red color or a color shade in between.

Additional compounds of the formulation according to the present invention

Suitably, the formulations of the present invention may further contain an oil.

The amount of said oil is preferably in the range of from 0 to 5.0 weight-%, more
preferably in range of from 0.01 to 1.0 weight-%, most preferably in the range of

from 0.5 to 1.0 weight-%, based on the total weight of the formulation.

The term “oil” in the context of the present invention encompasses glycerol and
any triglyceride such as vegetable oils or fats like corn oil, sunflower oil, soybean
oil, safflower oil, rapeseed oil, peanut oil, palm oil, palm kernel oil, cotton seed

oil, olive oil or coconut oil.

The oils can be from any origin. They can be natural, modified or synthetic,
whereby natural oils are preferred. If the oils are natural they can be plant or
animal oils, whereby plant oils are preferred. The term “oil” in the context of the

present invention thus also encompasses canola oil, sesame oil, hazelnut oil,
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almond oil, cashew oil, macadamia oil, mongongo nut oil, pracaxi oil, pecan oil,
pine nut oil, pistachio oil, sacha Inchi (Plukenetia volubilis) oil, walnut oil or
polyunsaturated fatty acids (= “PUFAs”) (for example arachidonic acid,
eicosapentaenoic acid, docosahexaenoic acid and y-linolenic acid) as well as the

triglycerides of PUFAs and the esters of PUFAs, e.g. the ethyl esters of PUFAs.

Process for the manufacture of the formulations according to the present invention

The present invention is further related to a process for the manufacture of a
formulation according to the present invention comprising the following steps:
a) forming a solution of 2’-dehydroplectaniaxanthin in an organic solvent,
optionally adding a fat-soluble antioxidant and/or an oil;
b) dissolving a modified food starch and optionally a water-soluble
antioxidant in water to obtain a matrix;
c) emulsifying the solution obtained in step a) into the matrix obtained in
step b) to obtain an emulsion,
d) removing the organic solvent from the emulsion obtained in step c) to
obtain a liquid formulation,
e) optionally drying the liquid formulation obtained in step d) to obtain the

solid formulation.

The steps are described in more detail below.

Step a)

An oil can also be added. If it is, however, added, the amount is chosen so that the
final amount of the oil in the resulting formulation after having performed all steps

is as described above.

The same applies for the other compounds: the amounts of 2’-dehydroplectania-
xanthin and the fat-soluble antioxidant (if present) are chosen so that the final
amounts of these compounds in the resulting formulation after having performed

all steps is as described above.
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The amount of the solvent and the dissolution temperature are chosen so as to
dissolve the 2’-dehydroplectaniaxanthin, the fat-soluble antioxidant, if present,
and the oil, if present, completely. Usually it is necessary to heat up the
suspension obtained when mixing all compounds present in this step to get a
solution. Preferably the temperature to which the suspension is heated up is in the
range of from 40 to 90°C, more preferably that temperature is in the range of from
40 to 86°C. After having obtained the solution it is usually kept at the temperature

it was before heated up to.

Step b)

Preferably this step is performed at a temperature in the range of 50 to 70°C,
more preferably at a temperature in the range of 55°C to 67°C, even more

preferably at a temperature of around 60°C.

The matrix obtained after having performed step b) is then preferably kept at a
temperature in the range of 25 to 65°C, more preferably at a temperature in the
range of 29°C to 66°C, even more preferably at a temperature in the range of 29
to 56°C. Depending on the temperature step b) has been performed it may be
necessary to cool the matrix down to such a temperature or to heat it up to such a
temperature. In most cases the temperature at which step b) is performed and the
temperature at which the matrix is kept are chosen in such a way so that a cooling

down step is necessary.

Step ¢)

Preferably this step is performed at a mixing temperature in the range of 25 to
100°C, more preferably at a mixing temperature in the range of 30 to 80°C, even
more preferably at a mixing temperature in the range of 35°C to 75°C to obtain an

emulsion.

The emulsification can be achieved by using a rotor-stator device or a high pressure
homogenizer or both. Other devices known to the person skilled in the art may also

be used.



10

15

20

25

30

WO 2015/044222 PCT/EP2014/070400

If rotor-stator device and/or a high pressure homogenizer is used, a pressure drop
in the range of 100 to 1000 bar, more preferably in the range of 150 to 300 bar, is
preferably applied.

Step d)

The organic solvent may e.g. be removed by using a thin film evaporator cascade
(preferred). Other methods known to the person skilled in the art are also
applicable. The resulting liquid formulations can already also be incorporated in

beverages and food products to color them with an intense orange color.

Step e)

The resulting liquid formulations after having performed steps a) to d) can also be
dried by any method known to the person skilled in the art, e.g. by spray-drying,
spray-drying in combination with fluidised bed granulation or by a powder-catch
technique, whereby the sprayed emulsion droplets are caught in a bed of an

absorbent, such as starch, and subsequently dried.

Preferably the formulations of the present invention are prepared according to the
process of the present invention. Thus, the present invention is also directed to the

formulation as obtained by the process as described above.

The formulations according to the present invention are used for the enrichment,
fortification and/or coloration of beverages and food products; said use being a

further aspect of the invention.

Other aspects of the invention are beverages containing a formulation as described

above.

Beverages wherein the formulations of the present invention can be used as a
colorant or a functional ingredient can be non-alcoholic, flavoured drinks, e.g.
flavoured seltzer waters, soft drinks, mineral drinks, flavoured waters, fruit juices,
fruit nectars, fruit punches and concentrated forms of these beverages. They may
be based on natural fruit or vegetable juices or on artificial juice flavours, and

they may be carbonated or non-carbonated. Alcoholic beverages, instant beverage
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powders, sugar-containing beverages and diet beverages containing non-calorific or
artificial sweeteners are further examples of beverages which, by virtue of their
containing the 2’-dehydroplectaniaxanthin formulations, are embraced by the

present invention.

The final concentration of the 2’-dehydroplectaniaxanthin which is added via the
formulations of the present invention to beverages may be from 0.1 to 200 ppm
(from 0.1 to 100 ppm, from 0.1 to 50 ppm), particularly from 1 to 30 ppm, more
preferably from 3 to 20 ppm, based on the total weight of the beverage and
depending on the particular beverage to be colored or fortified and the intended

grade of coloration or fortification.

Also included within the scope of the present invention are sweet products
containing the 2’-dehydroplectaniaxanthin as a coloring agent, said sweet products
including sugar coated confectionery products, e.g. chocolate lentils, boiled
sweets, gums, chewing gums, jellies, toffees, hard sugar candies, soft sugar
candies, and fudges, as well as chocolate confectionary products; and desserts,
including frozen desserts, e.g. sorbets, puddings, instant pudding powders and
preserves. Furthermore, fruit preparations used for dairy products and cereals may
also be colored with the 2’-dehydroplectaniaxanthin formulations, and such
colored fruit preparations are also food products in accordance with the present

invention.

Sweet products, especially hard and soft sugar candies, and beverages are

especially preferred.

Furthermore, dairy products obtained from natural sources are within the scope of
the food products in which the 2’-dehydroplectaniaxanthin formulations are
present, and as such embraced by the present invention. Typical examples of such
dairy products are milk drinks, butter, cheese, ice cream, yoghurt, yoghurt drinks
and the like. Milk substitute products such as soy milk products and synthetically
produced milk substitute products are also included in the food products containing

the 2’-dehydroplectaniaxanthin formulations according to the present invention.

10
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Also included within the scope of the present invention are fat-based products,
e.g. spreads, including low fat spreads and margarine; low calorific food products
containing natural or synthetically produced fat replacers; cereals and cereal
products, e.g. cookies, cakes and pasta; and snacks, e.g. extruded or non-extruded
potato-based products, all of which contain the 2’-dehydroplectaniaxanthin

formulations as a coloring or fortifying agent.

Still further food products which can be colored with 2’-dehydroplectaniaxanthin
formulations are such miscellaneous products as soups; sauces, e.g. mayonnaise
and salad dressings; seasonings; and tofu products; and any compounded foods

which contain one or more of the above-mentioned food products.

The total concentration of the 2’-dehydroplectaniaxanthin used as a coloring agent
in the food products in accordance with the present invention may be from 0.1 to
500 ppm, preferably from 1 to 50 ppm, based on the total weight of the food
product. Clearly, the concentration range in any particular case depends on the
particular food product to be colored and on the intended grade of coloration in

such food product.

The beverages or food products of this invention are obtained by adding to or
incorporating in the beverage or food product - at a suitable stage in its
manufacture - the 2’-dehydroplectaniaxanthin formulation of this invention. For
such coloration of a beverage or food product the formulation of this invention can
be used according to methods per se known for the application of water- or oil-

dispersible solid or liquid forms to beverages or food products, as appropriate.

For the coloration of a beverage or food product the 2’-dehydroplectaniaxanthin
formulation may in general be added either as an aqueous stock solution, a dry
powder mix or a pre-blend with other suitable food ingredients according to the
specific application. Mixing can be effected for example using a dry powder
blender, a shear mixer or a homogenizer, depending on the required nature of the
final food product or beverage. The particular mixing procedure and amount of oily

or aqueous ingredients may influence the color of the final food product or

11
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beverage. As will be readily apparent, such technicalities are within the skill of the

expert in the art of beverage and food manufacture and formulation.

The beverages and food products colored by the 2’-dehydroplectaniaxanthin
formulations show an intense orange or red color or a color shade in between.
Furthermore such beverages show a low turbidity, preferably a turbidity of < 150
NTU, more preferably a turbidity of < 100 NTU.

The invention is now further illustrated in the following non-limiting examples.

Examples 1-3: Manufacture of a 2’-dehydroplectaniaxanthin formulation

Example 1
10 g of crystalline 2’-dehydroplectaniaxanthin, 1.3 g of dl-a-tocopherol and 4.6 g of

corn oil are dissolved in an appropriate solvent (oil phase). This solution is added
under stirring to a solution of 100.8 g of an OSA starch and 240 g water at 50-
60°C.This pre-emulsion is homogenized with a rotor-stator-homogenizer for 20
minutes. Eventually the emulsion is homogenized with a high pressure
homogenizer. In the next step the remaining solvent is removed by distillation and
the solvent-free emulsion is dried by a standard powder catch process. 136 g of

beadlets are obtained with a 2’-dehydroplectaniaxanthin content of 5.2%.

The color intensity E1/1 is the absorbance of a 1% solution and a thickness of 1 cm
and is calculated as follows: E1/1 = (Amax-A650)*dilution factor / (weight of

sample * content of product form in %).

“(Amax-A650)” means the value you get when you substract the Adsorption value
measured at 650 nm (“A650”) wavelength from the value (“Amax”) that was
measured at the maximum Adsorption in the UV-Spectrophotometer.

“*” means “multiplied with”.

“dilution factor” = the factor by which the solution has been diluted.

“weight of sample” = the amount/weight of the beadlet that was used in [g]
“content of product form in %” = “the amount of 2’-dehydroplectaniaxanthin in the

beadlet in %” which is 5.2 in the present case.

12
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E1/1 corr. in H,0 (X max) = 755 (408 nm)

Color values:

Measured as 5 ppm solution in H;0: L*/a*/b* = 89/8/20; L*/C*/h = 89/21/67
Measured as 10 ppm solution in H,0: L*/a*/b* = 79/18/34; L*/C*/h = 79/38/63

Example 2
Example 1 may be repeated, but no corn oil added.

Example 3
Example 1 may be repeated, but a different oil may be used.

Example 4: Preparation of a soft drink with the formulation according to example 1

The soft drink has the following composition:

Ingredient Amount of ingredient
1 Potassium sorbate 0.2¢
2 Sugar syrup (64° Brix) 156.2 g

Ascorbic acid 0.2¢

Aqueous 50-weight-% | 5.0 g

citric acid

Apricot  flavor (water-|0.2 ¢
soluble, Givaudan 78848-

56)
Stock solution * 10 g (i.e. 10 ppm)

3 Water Filled up so that a total
amount of the soft drink
of 1000 ml results

Total amount 1000 ml

* From the formulation according to example 1 a stock solution was prepared,
whereby the formulation was diluted with water so that the stock solution had a

concentration of the 2’-dehydroplectaniaxanthin of 0.1 weight-% (= 1000 ppm).

13
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The soft drink was prepared as follows:

Potassium sorbate 1) was dissolved in water, the other ingredients 2) were added
one after the other while the mixture was gently stirred. Then the resulting soft
drink syrup was diluted with drink water in such an amount to result in 1000 ml of
the soft drink. The pH of the soft drink was in the range of 3.0 to 3.5.

The soft drink was then filled in a glass bottle and the bottle sealed with a metallic
cap. The bottle was pasteurized for approximately 1 min at 80°C using a tunnel
pasteurizer (Miele, Switzerland). The bottles were stored at room temperature
(temperature in the range of 18 to 27°C) and under light exposure. Color and
turbidity measurements were performed directly after beverage preparation (time
= 0).

Turbidity measurements

Suspended solids (or particles) are responsible for the turbid appearance of
beverages containing juice. This turbid appearance can be evaluated by turbidity
measurements. Turbidity depends on the light-scattering properties of such
particles: their size, their shape and their refractive index.

In this work turbidity measurements were conducted using a Turbidimeter (Hach
2100N IS®, USA) and turbidity values were given in NTU (nephelometric turbidity
units). Neophelometer measures the light scattered by a sample in 90° from the

incident light path.

Color measurements

Color measurements for the application in food are performed with a colorimeter
(Hunter Lab Ultra Scan Pro) which can other than a spectrophotometer express
color values according to the psychophysical perception of color by human eye.

Color measurements are carried out after CIE guidelines (Commission International
d’Eclairage). Values can be expressed either as planar coordinates L*a*bh* with L*
being the measuring value for lightness, with a*being the value on the red-green-

axis and with b* being the value on the yellow-blue-axis.

Instrument settings:

e Color scale : CIE L*a*b* / L*C*h*

14
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e Light source definition: D65 daylight equivalent

e Geometry : Diffuse / 8°

e Wavelengths: scan 350 to 1050 nm in 5 nm optical resolution
e Sample measurement area diameter: 19 mm (large)

e Calibration mode: Transmission/ white tile

Results:
Turbidity: 63 NTU.

Color values:
L*/a*/b* = 83.58/10.27/33.43; C*/h = 34.97/72.92

Comparative example:

A soft drink was prepared using -carotene 10% CWS/S (commercially available
from DSM Nutritional Products Ltd., Kaiseraugst, Switzerland), whereby the

concentration of the B-carotene in the soft drink was also 10 ppm.

Results:
Turbidity: 232 NTU.

Color values:
L*/a*/b* =72.56/27.83/59; C*/h = 65.24/64.75

The results of example 4 and the comparative example are also shown in Fig. 1.
The soft drink prepared with the 2’-dehydroplectaniaxanthin formulation according
to example 1 is much less turbid than the one prepared with B-carotene 10% CWS/S

and of a similar color.

Example 5: Preparation of hard sugar candies with the formulation according to

example 1
A 2’-dehydroplectaniaxanthin stock solution containing 15 g of the formulation

according to example 1 and 85 g of de-ionized water are prepared. 10 g of this 2’-

dehydroplectaniaxanthin stock solution are mixed with 490 g of a sugar solution
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(67-78°Brix) at a temperature of 65°C under stirring and kept at this temperature

resulting in a colored syrup.

Chocolate lentils are pre-coated with a pure sugar solution (without 2’-
dehydroplectaniaxanthin) thus providing chocolate lentils with a white center.
After this pre-coating a white pigment like titaniumdioxide may be added to the
pure sugar syrup and the chocolate lentils may be coated with 10 to 20 layers of

this white sugar syrup before they are coated with the colored layers.

A small amount of colored syrup is poured over the lentils and homogenously
distributed in the drum at moderate speed. Afterwards the thus colored lentils are
dried with cold air (15°C-18°C, relative humidity in the range of 40-50%) at
moderate speed resulting in one layer. These steps are repeated (usually 20 to 50
times) until the desired color intensity (either orange or red depending on how

many layers are put on) is achieved.
The hard panned candy has a smooth surface aspect which is enhanced by final

glazing layers. The external layers are made of crystalized sugar. According to the

sugar layer thickness, the candy offers a lightly or hard crunchy bite.
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. Stable formulation comprising 2’-dehydroplectaniaxanthin embedded in a

matrix of modified food starch.

. The stable formulation according to claim 1, wherein the color hue of said

formulation is in the range of from 55 to 75 if said formulation is mixed with
water so that the mixture contains 5 to 10 ppm of 2’-dehydroplectania-

xanthin.

. The stable formulation according to any one or more of the preceding claims

further comprising a fat-soluble antioxidant and/or a water-soluble

antioxidant.

. The stable formulation according to any one or more of the preceding claims

wherein the amount of 2’-dehydroplectaniaxanthin is in the range of 0.1 to

25 weight-%, based on the total weight of the formulation.

. The stable formulation according to any one or more of the preceding claims

wherein the amount of the modified food starch is in the range of 60 to 99.8
weight-%, preferably wherein the amount of the modified food starch is in
the range of 70 to 90 weight-%, based on the total weight of the

formulation.

. Stable formulation consisting of 2’-dehydroplectaniaxanthin, a starch that

was treated with octenyl succinic anhydride, and an antioxidant, whereby

the antioxidant can be fat-soluble or water-soluble.

. The stable formulation according to claim 6, wherein the color hue of said

formulation is in the range of from 55 to 75 if said formulation is mixed with
water so that the mixture contains 5 to 10 ppm of 2’-dehydroplectania-

xanthin.

. Use of the stable formulation according to any one or more of the preceding

claims for coloring, enriching or fortifying beverages and food products.
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9.

10.

11.

12.

13.

Process for the manufacture of a formulation according to any one or more
of claims 1 to 7 comprising the following steps:
a. forming a solution of 2’-dehydroplectaniaxanthin in an organic
solvent, optionally adding a fat-soluble antioxidant and/or an oil;
b. dissolving a modified food starch and optionally a water-soluble
antioxidant in water to obtain a matrix;
c. emulsifying the solution obtained in step a) into the matrix obtained
in step b) to obtain an emulsion;
d. removing the organic solvent from the emulsion obtained in step ¢) to
obtain a liquid formulation;
e. optionally drying the liquid formulation obtained in step d) to obtain

the solid formulation.

The formulation as obtained by the process according to claim 9.

Beverages comprising the stable formulations according to any one or more

of claims 1-7 or according to claim 10.

Food products comprising the stable formulations according to any one or

more of claims 1-7 or according to claim 10.

The food products according to claim 12 being sweet products including
sugar coated confectionary products, chocolate confectionary products and
desserts, preferably the sugar coated confectionary products being boiled
sweets, gums, chewing gums, jellies, toffees, hard sugar candies, soft sugar
candies and fudges, and/or preferably the desserts being sorbets, puddings,

instant pudding powders and preserves.
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