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Colorant for Food and Pharmaceuticals

The present invention concerns a colorant for food and pharmaceuticals. More
5 particularly, the present invention concerns the use of a-zeacarotene and/or B-zeacarotene
as a colouring agent for food products or pharmaceutical compositions, colorant
compositions containing oi-zeacarotene and/or B-zeacarotene as the colouring agent, and
food products or pharmaceutical compositions coloured by a-zeacarotene and/or B-

Zeacarotene.

10 a-Zeacarotene, which is also known as 7',8'-dihydro-8-carotene, is a compound of
the formula

B-Zeacarotene, which is also known as 7',8'-dihydro-y-carotene, is a compound of

the formula

15

Clearly, these known compounds are structurally very closely related in that the sole
difference is the position of the double bond in the cyclohexene ring component.

References for the preparation of each of these compounds are given in Carotenoids,
20 . 774, O. Isler (ed.), Birkhauser Verlag Basel and Stuttgart 1971: Chemistry in Britain
3(10), 424 (1967) and Pure and Appl. Chem. 14, 265 (1967), both by B. C. L. Weedon, and
R. Ritegg et al., Helv. Chim. Acta 44, 994 (1961).

In accordance with the present invention it has been found that a-zeacarotene and
B-zeacarotene, cach individually or a combination of both in any relative proportion (each

25 possibility being hereinafter referred to for simplicity as "the zeacarotene” or the like) can
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be used to impart a yellow to greenish-yellow colour to food products such as beverages,
sweet products and dairy products, and to pharmaceutical compositions, such as tablets
and capsules. This use represents one aspect of the present invention. As further aspects,
the invention embraces food products or pharmaceutical compositions containing the
zeacarotene in an amount sufficient to impart a yellow to greenish-yellow colour to said
compositions, and colorant compositions comprising the zeacarotene as the colouring

agent, and a matrix or carrier.

For the purpose of the present invention, the zeacarotene is preferably used, i.e.
added to the food product or pharmaceutical composition to be coloured or otherwise
incorporated in the food product or pharmaceutical composition during its preparation,
in the form of a colorant composition, and such a colorant composition is, as mentioned
above, embraced by the present invention. The colorant composition containing the
zeacarotene may be a solid or a liquid composition. Preferably, the zeacarotene is used as a
solid water-dispersible colorant composition. A liquid colorant composition containing
the zeacarotene may be a stable aqueous dispersion of the zeacarotene; or it may be a stable
suspension of the zeacarotene in a triglyceride, such as a vegetable oil. In order to achieve
an intermediate colour hue, such compositions may optionally contain one or more
further colouring agents, e.g. one or more further carotenoids such as -carotene,
canthaxanthin, 8'-apo-f3-carotenal, ethyl 8'-apo-f-carotenoate, lycopene, astaxanthin,

lutein and zeaxanthin.

The colorant compositions of the present invention are preferably solid, pulverous
compositions wherein the contained (total) zeacarotene is finely dispersed in a matrix or
carrier. In such compositions the amount of the (total) zeacarotene is suitably from about
0.1 to about 30 wt.% based on the total weight of the colorant composition. The matrix or
carrier can be any matrix or carrier conventionally used for the formulation of
carotenoids. For example, it can be a carbohydrate, a modified carbohydrate, a protein, a

modified protein or any mixture of two or more of these.

The preparation of the colorant compositions of the present invention can be carried
out in a manner known per se for the preparation of carotenoid and fat soluble vitamin
compositions for use in food products, including beverages, e.g. as disclosed in European
Patent Publications Nos. 0347751, 0966889, 1066761 and 1106174 and in the PCT
Publication No. WO 98/15195, and all such techniques may be employed.

Thus, the compositions of the present invention can be prepared by a process which
comprises homogenizing, in an aqueous or colloidal solution of the carrier and optionally

one or more water-soluble excipients and/or adjuvants, a solution or dispersion of the
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zeacarotene and optionally one or more fat-soluble excipients and/or adjuvants in a
triglyceride or an organic solvent, or in a mixture of both triglyceride and organic solvent,
and, if required, converting the so obtained dispersion into a solid composition. If the
dispersion medium for the zeacarotene, i.e. triglyceride, organic solvent or mixture of
both, consists predominantly of an organic solvent and contains only a minor amount of
triglyceride, the latter may be considered to be present in the role of an excipient and/or
adjuvant, in which role it is useful for preventing, or at least considerably retarding, the
crystallization of the zeacarotene from the solution, thereby acting as a solvent aid. The
whole process may be typically effected as follows:

The carrier and any optionally present water-soluble excipient(s) and/or adjuvant(s) are
dissolved in water, affording an aqueous matrix solution. In a separate step the zeacarotene
and any optionally present fat-soluble excipient(s) and/or adjuvant(s) are dissolved or
suspended in the triglyceride and/or organic solvent. The solution or suspension of the
zeacarotene is then added to the aqueous matrix solution, and the mixture is homogenized
in order to obtain a fine dispersion of the zeacarotene in the water phase. Finally, if

desired, the dispersion is converted into a solid composition.

The process for preparing the colorant composition represents a still further aspect

of the present invention.

In the above and further description of the compositions of the present invention
containing the zeacarotene as the colouring agent and of their preparation the expression
“matrix” means the material environment, except water or another solvent and such
functional ingredients as antioxidants and antimicrobial agents, in which the zeacarotene -
colouring agent is (eventually) dispersed, or more specifically, encapsulated; in many cases
it is synonymous with the expression “carrier”. In the case of solid water-dispersible forms
it is the part of the solid composition which contains the zeacarotene, finely dispersed
therein, and which dissolves in water when the composition is added thereto, the

zeacarotene then being evenly dispersed in the aqueous medium.

For the homogenization conventional techniques, such as high pressure
homogenization, high shear emulsification (rotor-stator systems), micronization or wet
milling, can be applied. Other techniques used for the preparation of carotenoid and fat-
soluble vitamin compositions for use in food products, including beverages, are disclosed
for example in European Patent Publications Nos. 937412 and 1008380 and in US Patent
Specification No. 6,093,348, and all such techniques may be employed.

The so obtained dispersion, which is an oil-in-water dispersion, can be converted

into a solid composition, e.g. a dry powder, using any conventional technique such as
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spray drying, spray drying in combination with fluidized bed granulation (the latter
technique being commonly known as fluidized spray drying or FSD), or by a powder-catch
technique whereby sprayed emulsion droplets are caught in a bed of an absorbent, such as

starch, and subsequently dried.

A preferred procedure for preparing a colorant composition of the present invention
comprises preparing a solution or dispersion of the zeacarotene and an oil-soluble
antioxidant in a triglyceride, e.g. a vegetable oil or fat, and optionally an organic solvent,
e.g. a chlorinated hydrocarbon; emulsifying the resulting oil-based solution or dispersion
in an aqueous solution prepared from a protective hydrocolloid or carrier such as a
protein, a modified protein, a polysaccharide or a modified polysaccharide or any mixture
of these, a carbohydrate and, optionally, a water-soluble antioxidant; if required removing
the organic solvent, e.g. by evaporation, from the emulsion; drying the emulsion in a
manner known per se, e.g. by spraying it into a fluidized starch bed; and finally separating

the dried particles, e.g. by sieving.

A further preferred procedure for preparing a colorant composition of the present
invention, in this case a suspension of the finely divided zeacarotene in a triglyceride,
comprises introducing the zeacarotene and optionally one or more fat-soluble excipients
and/or adjuvants in a triglyceride, affording an oil-miscible dispersion of the zeacarotene
in the triglyceride, and milling the dispersion, e.g. by ball-milling, thereby converting said

dispersion into the desired suspension of finely divided zeacarotenc in the triglyceride.

The above-mentioned protective hydrocolloid is a water-soluble polymeric substance
acting as the matrix or carrier material and exerting a protective role towards the
zeacarotene. As a rule the hydrocolloid features surface activity, by virtue of which it
stabilizes emulsions or suspensions in which it is present with the zeacarotene colouring

agent. Some, but not all, carriers can act as protective hydrocolloids.

The protective hydrocolloid or carrier which may be present in and used to prepare
the colorant compositions of the present invention is for example and more particularly a
polysaccharide gum, e.g. gum arabic; a modified food starch, e.g. sodium octenyl succinyl
starch; a pectin, e.g. sugar beet pectin; a maltodextrin; a protein, e.g. a gelatin, particularly
fish, swine or bovine gelatin, a plant protein or a milk protein; a ligninsulphonate; or any
mixture of these substances. Preferably, sodium octenyl succinyl starch or a gelatin is used

as the protective hydrocolloid or carrier.

Suitably, the colorant compositions of the present invention (further) contain one or

more excipients and/or adjuvants selected from one or more of mono- di-, oligo- and
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polysaccharides, triglycerides, water-soluble antioxidants and fat-soluble antioxidants.
Solid compositions may in addition contain an anti-caking agent, such as silicic acid, and
up to about 10 wt.%, as a rule about 2 to about 5 wt.%, of water.

Examples of mono- and disaccharides which may be present in the compositions of
the present invention are sucrose, invert sugar, glucose, fructose, lactose, maltose,
saccharose and sugar alcohols, and examples of the oligo- and polysaccharides are starch
and starch hydrolysates, e.g. dextrins and maltodextrins, especially those having the range
of 5 - 65 dextrose equivalents (DE), and glucose syrup, especially such having the range of
20 - 95 DE. The term “dextrose equivalent” (DE) denotes the degree of hydrolysation and
is a measure of the amount of reducing sugar calculated as D-glucose based on dry weight;
the scale is based on native starch having a DE close to 0 and glucose having a DE of 100.

The triglyceride is suitably a vegetable oil or fat, preferably corn oil, sunflower oil,
soybean oil, safflower oil, rape seed oil, peanut oil, palm oil, palm kernel oil, cotton seed oil

or coconut oil.

The organic solvent may be for example methylene chloride, chloroform, ethyl

acetate, dimethyl ether, acetone, ethanol or isopropanol.

The water-soluble antioxidant may be for example ascorbic acid or a salt thereof,
preferably sodium ascorbate. The fat-soluble antioxidant may be for example a tocopherol,
e.g. dl-a-tocopheral (i.e. synthetic tocopherol), d-o-tocopherol (i.e. natural tocopherol),
B- or y-tocopherol, or a mixture of two or more of these; butylated hydroxytoluene (BHT);
butylated hydroxyanisole (BHA); propyl gallate; tert. butyl hydroxyquinoline; or an
ascorbic acid ester of a fatty acid, preferably ascorbyl palmitate or stearate. Depending on
the pH of the aqueous matrix solution the ascorbic acid ester of a fatty acid, particularly

ascorbyl palmitate or stearate, may alternatively be added to the water phase.

The colorant compositions of the present invention may be solid compositions, i.e.
stable, water-soluble or -dispersible powders, or they may be liquid compositions, i.e.
aqueous colloidal solutions or oil-in-water dispersions of the aforementioned powders or
oil-in-water dispersions of the zeacarotene stabilized by low molecular weight food
emulsifiers, said emulsifiers being well known as such. The stabilized oil-in-water
dispersions, which may be oil-in-water emulsions or may feature a mixture of suspended,
i.e. solid, particles and emulsified, i.e. liquid, droplets, may be prepared by the methods
already described above. Other liquid compositions are oil-soluble dispersions of the
zeacarotene in triglycerides, e.g. vegetable oils. These oil-soluble dispersions may be

physically stabilized by micronization of the dispersed zeacarotene by well-established
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techniques, such as milling, e.g. with a ball mill or similar means, and/or may be
chemically stabilized by adding one or more fat-soluble antioxidants.

Typically, a powder colorant composition according to the present invention
comprises

about 0.1 to about 30 wt. %, preferably about 1 to about 20 wt. %, of the
zeacarotene;

0 to about 20 wt. %, preferably about 0.5 to about 10 wt. %, of one or more
fat-soluble antioxidants;

0 to about 50 wt. %, preferably about 0.5 to about 30 wt. %, of a triglycenide;

about 1 to about 90 wt. %, preferably about 5 to about 70 wt. %, of a
protective hydrocolloid;

0 to about 70 wt. %, preferably O to about 40 wt. %, of one or more mono- or
disaccharides;

0 to about 50 wt. %, preferably 0 to about 35 wt. %, of a starch;

0 to about 70 wt. %, preferably 0 to about 40 wt. %, of a starch hydrolysate;

0 to about 10 wt. %, preferably 0 to about 5 wt. %, of a water-soluble
antioxidant;

0 to about 5 wt. %, preferably about 1 to about 3 wt. %, of silicic acid; and

0 to about 10 wt. %, preferably about 1 to about 5 wt. %, of water,

the weight percentages of all these ingredients totalling 100.

Examples of beverages containing the zeacarotene as an added or incorporated
colouring agent and embraced by the present invention are 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 powders, sugar-
containing beverages and diet beverages containing non-calorific or artificial sweeteners
represent still further examples of beverages which, by virtue of their containing the
zeacarotene as a colouring agent, are embraced by the present invention.

Furthermore, dairy products obtained from natural sources are within the scope of
the food products in which the zeacarotene is present as an added or incorporated
colouring agent, and as such embraced by the present invention. Typical examples of such
dairy products are milk drinks, butter, cheese, ice cream, yoghurt and the like. Milk
substitute products such as soy milk products and synthetically produced milk substitute
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7
products are also included in the food products containing the zeacarotene according to
the present invention.

Also included within the scope of the present invention are sweet products
containing the zeacarotene as an added or incorporated colouring agent, said sweet
products including sugar confectionery products, e.g. boiled sweets, gums, jellies, toffees
and fudges, 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 coloured with the zeacarotene, and such coloured fruit preparations
are also food products in accordance with the present invention.

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, €.g. cookies,
cakes and pasta; and snacks, e.g. extruded or non-extruded potato-based products, all of
which contain the zeacarotene as an added or incorporated colouring agent.

Still further food products which can be coloured with zeacarotene 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 concentration of the (total) zeacarotene used as a colouring agent in the food
products in accordance with the present invention may be from about 0.1 to about 500
ppm, preferably from about 1 to about 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 coloured and on the intended grade of colouration in such food
product.

If the zeacarotene is used as a colorant composition, the content of the (total)
zeacarotene in such a colorant composition may be from about 0.1 wt. % to about 30 wt.
%, particularly from about 1 to about 20 wt. %, based on the total weight of the colorant
composition, the most suitable (narrower) content range depending on the particular
nature of the composition, i.e. on which other ingredients are present therein and on its
physical form.

The coloured food products or pharmaceutical compositions of this invention are
preferably obtained by adding to or incorporating in the food product or pharmaceutical
composition, at a suitable stage in its manufacture, the zeacarotene colouring agent in the
form of a colorant composition of this invention. For such colouration of a food product

or a pharmaceutical composition the colorant composition of this invention can be used
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liquid carotenoid forms to food products or pharmaceutical compositions, as appropriate.

For the colouration of a food product the zeacarotene colorant composition 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 low shear mixer, a high pressure
homogenizer or a high shear mixer, depending on the required nature of the final food
product. The particular mixing procedure and amount of oily or aqueous ingredients may
influence the colour of the final food product. As will be readily apparent, such
technicalities are within the skill of the expert in the art of food manufacture and

formulation.

Pharmaceutical compositions such as tablets or capsules in which the zeacarotene is
used as a colouring agent are also within the scope of the present invention. The
colouration of tablets can be accomplished by adding the zeacarotene in form of a liquid or
solid colorant composition separately to the tablet coating mixture or by adding a colorant
composition comprising the zeacarotene to one of the components of the tablet coating
mixture. Coloured hard or soft shell capsules can be prepared by incorporating a colorant

composition comprising the zeacarotene in the aqueous solution of the capsule mass.

In order to obtain a specific intermediate colour hue of the final food product or
pharmaceutical composition other than the greenish-yellow hue obtained by using a
colorant composition of the zeacarotene alone (X-zeacarotene, B-zeacarotene or a mixture
of both), colorant compositions may be used that optionally contain one or more other
colouring agents besides the zeacarotene, such as one or more further carotenoids.
Alternatively, the zeacarotene colorant composition may be used in combination with

other colouring agents as such or contained in appropriate further colorant compositions.

Of the two closely related colouring agents the subject of the present invention, B-

zeacarotene is generally preferred over a-zeacarotene.

The following Examples illustrate the invention further:
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Example 1

Preparation of a colorant composition

a) Preparation of (oil-based) solution A

2.4 g of corn oil and 1.1 g of dl-a-tocopherol were introduced into a 250 ml
Erlenmeyer flask. The flask was transferred to a glove box flushed with nitrogen. Under
inert atmosphere, 5.4 g of crystalline 3-zeacarotene and, subsequently, 85 ml of methylene
chloride were added to the dl-o-tocopherol in the flask, which was then equipped with a
magnetic stirrer and a reflux condenser. By gently stirring and at the same time heating the

mixture to 40°C a clear solution was obtained within 30 minutes.

b) Preparation of (aqueous) solution B

A dry premix of 19 g of fish gelatin (Norland Products, Inc.), 38 g of sucrose and
2.4 g of ascorbyl palmitate was prepared and subsequently mixed with 120 g of deionized
water at room temperature in a 11 reaction vessel. The mixture was heated to 35°C and
stirred for 30 minutes at that temperature. By dropwise addition of a 5N sodium hydroxide

solution, the pH of the aqueous solution was maintained at about 8.0.

¢) Preparation of emulsion from solutions A and B

Solution A was added to solution B at 35°C with vigorous stirring and the dispersion
was vigorously stirred for another 30 minutes. Residual methylene chloride was removed at
50-55°C using a rotary evaporator. After removing entrapped air bubbles by centrifugation
the emulsion was gently stirred at 50-55°C for 15 minutes and then characterized with
respect to the particle size of the inner phase. The mean particle size of the inner phase of
the emulsion was below 200 nm as measured by photon correlation spectroscopy (Coulter
N4 Plus).

d) Preparation of solid composition from the emulsion

The emulsion was sprayed into a pre-cooled fluidized bed of corn starch. Excess corn
starch was removed by sieving and the powder obtained was dried in an air stream at room
temperature for about 2 hours. The powder particle fraction in the range of 0.16-0.50 mm

(approx. 95 g) was collected by sieving and characterized with respect to the carotenoid
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content, colour intensity and colour hue in the aqueous dispersion, the content of corn
starch and the residual humidity.

The so obtained powder had a 3-zeacarotene content of 3.5 wt.% and 3.8 wt.% as
measured by UV/VIS spectroscopy and HPLC analysis, respectively. According to HPLC
analysis the all-E isomer content was in the range of 80 to 90%. The powder had a content
of 33 wt.% corn starch and a residual water content of 6.5 wt.%. The powder was then
dispersed in deionized water and the extinction was measured in a 1 ¢m quartz precision
cell against deionized water. For a 10 ppm dispersion of B-zeacarotene an extinction of
1.64 at a wavelength of 438 nm was calculated [E(1%,1 cm) = 1640]. The colour values

*=93.6, a*=-6.9 and b*=66.0 were measured according to the CIE system for a 5 ppm
dispersion of B-zeacarotene with a Hunterlab Ultrascan Spectrocolorimeter (1 cm,
TTRAN). Based upon the values of a* and b* a colour hue angle h*=96° at a saturation
c*=66.4 can be calculated. A 2 ppm B-zeacarotene dispersion of the powder showed a
colour hue angle of almost 100°. (A colour hue angle in the range of 90-180° designates a

greenish-yellow colour hue).

Example 2

Preparation of a colorant composition

a) Preparation of (oil-based) solution A

5.4 g of a middle chain triglyceride (Bergabest MCT-Oil 60/40 of Berg & Schmidt)
and 1.1 g of dl-o-tocopherol were introduced into a 200 ml three-necked reaction flask.
The flask was transferred to a glove box flushed with nitrogen. Under inert atmosphere,
5.4 g of crystalline B-zeacarotene were added. The suspension was gently stirred with a
magnetic stirred and at the same time heated to 170°C. A clear mixture was obtained
within 90 seconds at that temperature. After cooling the mixture to about 50°C, 70 ml of
chloroform were added and a clear solution was obtained by heating the mixture to about

65°C for 5 minutes under reflux.

b) Preparation of (agueous) solution B

A dry premix of 18 g of fish gelatin (Norland Products, Inc.), 36 g of sucrose and
2.4 g of ascorbyl palmitate was prepared and subsequently mixed with 110 g of deionized
water in a 11 reaction vessel. The mixture was heated to 35°C and stirred for 30 minutes at
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that temperature. By dropwise addition of a 5N sodium hydroxide solution the pH of the

aqueous solution was mantained at about 8.0.

c) Preparation of emulsion from solutions A and B

Solution A was added to solution B at 35°C with vigorous stirring and the dispersion
was vigorously stirred for another 30 minutes. Residual chloroform was removed at 50-
55°C using a rotary evaporator. After removing entrapped air bubbles by centrifugation
the emulsion was gently stirred at 50-55°C for 15 minutes and then characterized with
respect to the particle size of the inner phase. The mean particle size of the inner phase of
the emulsion was below 250 nm as measured by photon correlation spectroscopy (Coulter
N4 Plus).

d) Preparation of solid composition from the emulsion

The emulsion was sprayed into a pre-cooled fluidized bed of corn starch. Excess corn
starch was removed by sieving and the powder obtained was dried in an air stream at room
temperature for about 2 hours. The powder particle fraction in the range of 0.16-0.63 mm
(approx. 65 g) was collected by sieving and characterized with respect to the carotenoid
content, colour intensity and colour hue in the aqueous dispersion, the content of corn
starch and the residual humidity.

The so obtained powder had a B-zeacarotene content of 4.1 wt.% and 4.4 wt.% as
measured by UV/VIS spectroscopy and HPLC analysis, respectively. According to HPLC
analysis the all-E isomer content was in the range of 50 to 55%. The powder had a content
of 27 wt.% corn starch and a residual water content of 7.0 wt.%. The powder was then
dispersed in deionized water and the extinction was measured in a 1 cm quartz precision
cell against deionized water. For a 10 ppm dispersion of B-zeacarotene an extinction of
1.75 at a wavelength of 436 nm was calculated [E(1%,1 cm) = 1750]. The colour values
1*=92.8, a*=-7.6 and b*=67.2 were measured according to the CIE system for a 5 ppm
dispersion of B-zeacarotene with a Hunterlab Ultrascan Spectrocolorimeter (1 cm,
TTRAN). Based upon the values of a* and b* a colour hue angle h*=96.5° at a saturation
c*=67.6 can be calculated. A 2 ppm B-zeacarotene dispersion of the powder showed a
colour hue angle of 100.5°.
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Example 3
Soft drink formulation
Formulation ingredients Weightin g
Sugar syrup 64°Brix 156.2
Sodium benzoate 0.2
Ascorbic acid 0.2
Citric acid (as a 50% w/w aqueous solution) 5.0
Pectin (as a 2% w/w aqueous solution) * 10.0
Flavour ** 0.5
[B-Zeacarotene 5% as a 1% stock solution *** 8.0
Water to 200.0

* GENU Pectin Type VIS of Copenhagen Pectin A/S

** Apricot Flavour No. 78511-76 of Givaudan

PCT/EP02/09913

#+% A ] % aqueous solution of a formulation as obtained in Example 1 or 2, said

formulation having a fB-zeacarotene content of 5 wt.%

Procedure

The sodium benzoate is dissolved in part of the water, and the sugar syrup, ascorbic
acid, citric acid, pectin solution and flavour, and finally the B-zeacarotene stock solution,

are added. The bottling syrup is diluted to give one litre of beverage.

The pB-zeacarotene provides a vivid greénish-yellow colour of a high clarity and with

a high colouring strength. Long-time stability tests lasting three months at ambient

conditions showed a good light stability of B-zeacarotene in such a beverage and a good

colour stability in respect of the colour values L*C*h*.
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Example 4

Ajelly, e.g. jelly bears, can be formulated as follows:

| Formulation ingredients Weighting

- Sugar syrup’ 410.0

| Glucose syrup 390.0
Gelatin solution” 205.0
Citric acid solution (50% w/w) 20.0
Flavour 0.6
B-Zeacarotene 5% as a 19 stock solution * 12.0
Total 1037.6

* A 1% aqueous solution of a formulation as obtained in Example 1 or 2, said formulation
having a B-zeacarotene content of 5 wt.%

! sugar syrup

Saccharose 290.0

Water deionized 120.0

2 gelatin solution

Gelatin Bloom 200 80.0
‘Water deionized 125.0
Procedure

The sugar syrup is prepared by mixing the saccharose with the deionized water and

. brought to the boil until the solution becomes clear, and the heat source is then removed.

To prepare the gelatin solution the gelatin (Bloom 200) is dispersed in cold deionized
water, stirred and dissolved by heating. Then the glucose syrup is mixed with the hot sugar
syrup without boiling, and the gelatin solution added slowly thereto, avoiding foaming.
The mixture is allowed to stand until foam on the surface can be removed and a
temperature of 60 to 65°C has been reached. The flavour, citric acid and p-zeacarotene
solution are added, and immediately thereafter the mixture is filled into moulds set into

starch trays, allowed to set and dried for at least 48 hours under ambient conditions.
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Subsequently the starch powder is removed after drying with air (4-6 bar), the
moulded product polished with oil or wax or the product surface briefly treated with steam
passed from a kettle via a tube, and the resulting jelly bears are transferred to a sugar
tumbler. Finally they are dried under ambient conditions and packaged in sealed boxes or

pouches.

Example 5

A milk drink can be formulated as follows:

Formulation ingredients Weightin g
Sugar, fine granular 25.0
Dextrose 20.0
Stabilizer 0.2
Flavour 0.8
B-Zeacarotene 5% * 0.08
Milk 1.5% fat to 1000.0

* Solid formulation containing 5 wt.% P-zeacarotene

Procedure

All the dry ingredients, including the B-zeacarotene, are blended, and the dry
mixture is dissolved in the milk by heating to 65°C with stirring, The flavour is added and
the whole heated to 80°C. Homogenization is then effected in a high pressure homogenizer
(p1 150 bar, p; 50 bar) at 80°C. The resulting UHT milk drink is then passed through a

plate heat exchanger with direct steam injection at 140°C for 5 seconds.

The so produced milk drink is packaged by filling into sterilized containers such as

laminated board packs or plastic bottles.

Example 6

Preparation of a colorant composition

a) Preparation of (oil-based) solution A

2.4 g of corn oil and 1.1 g of dl-a-tocopherol were introduced into a 250 ml
Erlenmeyer flask. 8.8 g of crystalline B-zeacarotene were dissolved in 86 ml of methylene
chloride and the solution obtained was added to the corn oil and the tocopherol in the
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flask, which was then equipped with a magnetic stirrer and a reflux condenser. By gently

stirring and at the same time heating the mixture to 40°C a solution was obtained.

b) Preparation of (aqueous) solution B

A dry premix of 31.2 g of fish gelatin (Norland Products Inc.), 55.2 g of sucrose,
55.2 g of maltodextrin (DE. 20-23, Roquette Fréres) and 4.0 g of ascorbyl palmitate was
prepared and subsequently mixed with 180 ml of deionized water in a 11reaction vessel at
room temperature. The mixture was heated to 35°C and stirred for about 30 minutes at
that temperature. By dropwise addition of a 5N sodium hydroxide solution the pH of the

solution was brought to 8.0.

¢) Preparation of emulsion from solutions A and B

Solution A was added to solution B at 35°C with vigorous stirring and the dispersion
was vigorously stirred for another 30 minutes. Residual methylene chloride was removed at
55°C using a rotary evaporator. Subsequently, the dispersion was diluted with deionized
water at 55°C to a final water concentration of about 65% and then characterized with
respect to the particle size of the inner phase. The mean particle size of the inner phase of
the emulsion was 172 nm, as measured by photon correlation spectroscopy (Coulter N4
Plus).

d) Preparation of solid composition from the emulsion

The dispersion was then spray dried using a Mobile Minor (NiroA/S). The inlet
temperatufe of the drying air was 190°C and the outlet temperature was about 78°C. The
powder was collected and about 0.5% of silicon dioxide was added. The powder was then
characterized with respect to the carotenoid content, colour intensity and colour hue in the

aqueous dispersion, the content of corn starch and the residual humidity.

The so obtained powder had a B-zeacarotene content of 5.1 wt.% and 5.6 wt.% as
measured by UV/VIS spectroscopy and HPLC analysis, respectively, and a residual water
content of 3.5 wt.%. According to HPLC analysis the all-E isomer content was in the range
of 80-90%. The powder was dispersed in deionized water and the extinction was measured
in a 1 cm quartz precision cell against deionized water. For a 10 ppm dispersion of -
zeacarotenc an extinction of 1.601 at a wavelength of 438 nm was calculated [E(1%,1 cm)
= 1601]. The colour values 1.¥=93.9, a*=- 6.5 and b*=65.2 were measured according to the
CIE system for a 5 ppm dispersion of B-zeacarotene with a Hunterlab Ultrascan
Spectrocolorimeter (1 cm, TTRAN). Based upon the values of a* and b* a colour hue angle

h*=95.7° at a saturation (chroma value) C*=65.5 can be calculated.
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Example 7

Preparation of a colorant composition

a) Preparation of (oil-based) solution A

4.7 g of corn oil and 0.9 g of dl-a-tocopherol were introduced into a 100 ml
Erlenmeyer flask. 8.5 g of crystalline a-zeacarotene were dissolved in 110 ml of methylene
chloride and the solution obtained was added to the corn oil and the tocopherol in the
flask, which was then equipped with a magnetic stirrer and a reflux condenser. By gently
stirring and, at the same time, heating the mixture to 40°C a solution was obtained. Minor

amounts of insoluble material were removed by filtration.

b) Preparation of (aqueous) solution B

A dry premix of 37.8 g of bovine gelatin (30 Bloom), 37.8 g of sucrose and 11.2 g of
ascorbyl palmitate was prepared and subsequently mixed with 170 ml of deionized water at
room temperature in a 11 reaction vessel. The mixture was heated to 40°C and stirred for
about 30 minutes at that temperature. By dropwise addition of a 5N sodium hydroxide
solution the pH of the solution was brought to 7.5.

¢) Preparation of emulsion from solutions A and B

Solution A was added to solution B at 35°C with vigorous stirring and the dispersion
was vigorously stirred for another 30 minutes. After addition of 60 ml of deionized water
the reaction vessel was flushed with nitrogen and the dispersion was heated to 55°C. The
stirred dispersion was maintained at 55°C for 60 minutes in order to evaporate residual
methylene chloride. After removing entrapped air bubbles by centrifugation the emulsion
was gently stirred at 50-55°C for 15 minutes and then characterized with respect to the
particle size of the inner phase. The mean particle size of the inner phase of the emulsion

was 212 nm, as measured by photon correlation spectroscopy (Coulter N4 Plus).

d) Preparation of solid composition from the emulsion

The emulsion was sprayed into a pre-cooled fluidized bed of corn starch. Excess corn
starch was removed by sieving and the powder obtained was dried in an air stream at room
temperature for about 2 hours. The powder particle fraction in the range 0f 0.16-0.50 mm
(approx. 165 g) was collected by sieving and characterized with respect to the carotenoid
content, colour intensity and colour hue in the aqueous dispersion, the content of corn
starch and the residual humidity.
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The so obtained powder had an o-zeacarotene content of 3.3 wt.%, as measured by
UV/VIS spectroscopy, a content of 56 wt.% corn starch and a residual water content of 4.9
wt.%. It was dispersed in deionized water and the extinction was measured ina 1 cm
quartz precisioﬁ cell against deionized water. For a 10 ppm dispersion of oi-zeacarotene an
extinction of 1.513 at a wavelength of 431 nm was calculated [E(1%,1 cm) = 1513]. The
colour values L*=97.4, a*=-13.1 and b*=48.5 were measured according to the CIE system
for a 5 ppm dispersion of a-zeacarotene with a Hunterlab Ultrascan Spectrocolorimeter (1
cm, TTRAN). Based upon the values of a* and b* a colour hue angle h*=105%at a
saturation (chroma value) C*=50.2 can be calculated (A colour hue angle in the range of

90-180°C designates a greenish-yellow colour hue).

Example 8

Preparation of a colorant composition

a) Preparation of (oil-based) solution A

3.8 g of corn oil and 1.0 g of dl-c-tocopherol were introduced into a 100 ml
Erlenmeyer flask. 8.5 g of crystalline a-zeacarotene were dissolved in 120 ml of methylene
chloride and the solution obtained was added to the corn oil and the tocopherol in the
flask, which was then equipped with a magnetic stirrer and a reflux condenser. By gently
stirring and, at the same time, heating the mixture to 40°C a solution was obtained. Minor

amounts of insoluble material were removed by filtration.

b) Preparation of (aqueous) solution B

A dry premix of 20.3 g of fish gelatin (Norland Products Inc.), 42.1 g of sucrose and
5.7 g of ascorbyl palmitate was prepared and subsequently mixed with 128 ml of deionized
water at room temperature in a 11 reaction vessel . The mixture was heated to 40°C and
stirred for about 30 minutes at that temperature. By dropwise addition of a 5N sodium
hydroxide solution the pH of the solution was brought to 7.5.

¢) Preparation of emulsion from solutions A and B

Solution A was added to solution B at 35°C with vigorous stirring and the dispersion
was vigorously stirred for another 30 minutes. After addition of 100 ml of deionized water
the reaction vessel was flushed with nitrogen and the dispersion was heated to 55°C. The
stirred dispersion was maintained at 55°C for 60 minutes in order to evaporate residual
methylene chloride. After removing entrapped air bubbles by centrifugation the emulsion
was gently stirred at 50-55°C for 15 minutes and then characterized with respect to the
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particle size of the inner phase. The mean particle size of the inner phase of the emulsion

was 186 nm, as measured by photon correlation spectroscopy (Coulter N4 Plus).

d) Preparation of solid composition from the emulsion

The emulsion was sprayed into a pre-cooled fluidized bed of corn starch. Excess corn
starch was removed by sieving and the powder obtained was dried in an air stream at room
temperature for about 2 hours. The powder particle fraction in the range of 0.16-0.50 mm
(approx. 165 g) was collected by sieving and characterized with respect to the carotenoid
content, colour intensity and colour hue in the aqueous dispersion, the content of corn
starch and the residual humidity.

The so obtained powder had an o.-zeacarotene content of 3.9 wt.%, as measured by
UV/VIS spectroscopy, a content of 56 wt.% corn starch and a residual water content of 5.3
wt.%. It was dispersed in deionized water and the extinction was measured ina 1 cm
quartz precision cell against deionized water. For a 10 ppm dispersion of &-zeacarotene an
extinction of 1.418 at a wavelength of 431 nm was calculated [E(1%,1 cm) = 1418]. The
colour values L*=97.0, a*=-12.3 and b*=48.7 were measured according the CIE system for
a 5 ppm dispersion of 0-zeacarotene with a Hunterlab Ultrascan Spectrocolorimeter (1
cm, TTRAN). Based upon the values of a* and b* a colour hue angle h*=104° ata
saturation (chroma value) C*=50.2 can be calculated (A colour hue angle in the range of

90-180° designates a greenish-yellow colour hue).

Example 9
Soft drink formulation
Formulation ingredients Weight in

g

Sugar syrup, 64°Brix 156.2
Sodium benzoate 0.2
Ascorbic acid 0.2
Citric acid (as a 50% w/w aqueous solution) 5.0
Pectin (as a 2% w/w aqueous solution) * 10.0
Flavour ** 0.5
o-Zeacarotene 5% as a 1% stock solution *** 8.0
Water to 200.0
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* GENU Pectin Type VIS of Copenhagen Pectin A/S
** Apricot Flavour No. 78511-76 of Givaudan

+* A 1% aqueous solution of a formulation as obtained in Example 8, said formulation

having an o-zeacarotene content of 5 wt.%

Procedure

The sodium benzoate is dissolved in part of the water, and the sugar syrup, ascorbic
acid, citric acid, pectin solution and flavour, and finally the ci-zeacarotene stock solution,

are added. The bottling syrup is diluted with water to give one litre of beverage.

The oi-zeacarotene provides a vivid greenish-yellow colour of high clarity and with a
high colouring strength. Long-time stability tests lasting three months at ambient
conditions showed a good light stability of c.-zeacarotene in such a beverage and a good

colour stability in respect of the colour values L*C*h*.

Example 10

A jelly, e.g. jelly bears, can be formulated as follows:

Formulation ingredients Weight in
g

Sugar syrup’ 410.0
Glucose syrup 390.0
Gelatin solution® 205.0
Citric acid solution (50% w/w) 20.0
Flavour 0.6
a-Zeacarotene 5% as a 1% stock solution * 12.0
Total 1037.6

* A 1% aqueous solution of a formulation as obtained in Example 7 or 8, said formulation
having an «-zeacarotene content of 5 wt.%

! sugar syrup:

Saccharose 290.0

Deionized water 120.0
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2 gelatin solution:

Gelatin, Bloom 200 80.0

Deionized water 125.0

Procedure

The sugar syrup is prepared by mixing the saccharose with the deionized water and
brought to the boil until the solution becomes clear, and the heat source is then removed.
To prepare the gelatin solution the gelatin (Bloom 200) is dispersed in cold deionized
water, stirred and dissolved by heating. Then the glucose syrup is mixed with the hot sugar
syrup without boiling, and the gelatin solution added slowly thereto, avoiding foaming.
The mixture is allowed to stand until foam on the surface can be removed and a
temperature of 60 to 65°C has been reached. The flavour, citric acid and 0t-zeacarotene
solution are added, and immediately thereafter the mixture is filled into moulds set into
starch trays, allowed to set and dried for at least 48 hours under ambient conditions.
Subsequently the starch powder is removed after drying with air (4-6 bar), the moulded
product polished with oil or wax or the product surface is briefly treated with steam passed
from a kettle via a tube, and the resulting jelly bears are transferred to a sugar tumbler.

Finally they are dried under ambient conditions and packaged in sealed boxes or pouches.

Example 11

A milk drink can be formulated as follows:

Formulation ingredients Weightin g
Sugar, fine granular 25.0
Dextrose 20.0
Stabilizer 0.2
Flavour 0.8
o-Zeacarotene 5% * 0.08
Milk 1.5% fat to 1000.0

* Solid formulation containing 5 wt.% a-zeacarotene

20



WO 03/022071 PCT/EP02/09913

Procedure

All the dry ingredients, including the a-zeacarotene, are blended, and the dry
mixture is dissolved in the milk by heating to 65°C with stirring, The flavour is added and
5 the whole heated to 80°C. Homogenization is then effected in a high pressure homogenizer
(p1 150 bar, p; 50 bar) at 80°C. The resulting UHT milk drink is then passed through a

plate heat exchanger with direct steam injection at 140°C for 5 seconds.

The so produced milk drink is packaged by filling into sterilized containers such as

10 laminated board packs or plastic bottles.
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Claims

1. The use of a-zeacarotene or B-zeacarotene or a mixture of a- and B-zeacarotene
in any relative proportion as a colouring agent for food products or pharmaceutical

compositions.
2. The use according to claim 1, wherein the colouring agent is o-zeacarotene.
3. The use according to claim 1, wherein the colouring agent is B-zeacarotene.

4. The use according to any one of claims 1 to 3, wherein the food products are
beverages, dairy products, milk substitute products, sweet products, fruit preparations, fat-
based products and low calorific food products, cereals and cereal products, snacks, soups,
sauces, seasonings, tofu products and compounded foods which contain one or more of
the above-mentioned food products, and the pharmaceutical compositions are tablets or

capsules.

5. The use according to any one of claims 1 to 4, wherein the concentration of the a-
zeacarotene , the B-zeacarotene or the mixture of - and B-zeacarotene used as the
colouring agent in the food product is from about 0.1 to about 500 ppm, preferably from
about 1 to about 50 ppm, based on the total weight of the food product.

6. The use according to any one of claims 1 to 5, wherein the a-zeacarotene, the f3-
zeacarotene or the mixture of o— and f3-zeacarotene has been added to the food product or
pharmaceutical composition to be coloured, or otherwise incorporated in the food
product or pharmaceutical composition during its preparation, in the form of a colorant
composition which is a stable water-soluble or -dispersible powder containing the
zeacarotene or zeacarotene mixture, an aqueous colloidal solution or oil-in-water
dispersion of the aforementioned powder, an oil-in-water dispersion the zeacarotene or
zeacarotene mixture, or an oil-soluble dispersion of the zeacarotene or zeacarotene

mixture in a triglyceride.

7. A colorant composition for food products or pharmaceutical compositions,
characterized in that it contains a-zeacarotene or B-zeacarotene or a mixture of a- and B-

zeacarotene in any relative proportion as the colouring agent.

8. A colorant composition according to claim 7, which is a stable water-soluble or
-dispersible powder containing the zeacarotene or zeacarotene mixture, an aqueous
colloidal solution or oil-in-water dispersion of the aforementioned powder, an oil-in-
water dispersion of the zeacarotene or zeacarotene mixture, or an oil-soluble dispersion of

the zeacarotene or zeacarotene mixture in a triglyceride.
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9. A colorant composition according to claim 8, which is a stable water-soluble or
-dispersible powder, the amount of the zeacarotene or zeacarotene mixture being from
about 0.1 to about 30 wt.% based on the total weight of the colorant composition.

10. A colorant composition according to claim 9, wherein the zeacarotene or
zeacarotene mixture is finely dispersed in a matrix or carrier, preferably a matrix or carrier
comprising one or more of a carbohydrate, a modified carbohydrate, a protein, a modified

protein or any mixture of two or more of these.

11. A colorant composition according to claim 10, wherein the matrix or carrier, of
which at least a part can be a protective colloid, is selected from a polysaccharide gum, a
modified food starch, a pectin, a maltodextrin, a protein, a ligninsulphonate and any

mixture of these substances.

12. A colorant composition according to claim 11, wherein the matrix or carrier is
selected from sodium octenyl succinyl starch as the modified food starch and a gelatin as

the protein.

13. A colorant composition according to any one of claims 7 to 12, wherein the
composition, in solid or liquid form as the case may be, (further) contains one or more
excipients and/or adjuvants selected from one or more each of mono- di-, oligo- and
polysaccharides, triglycerides, water-soluble antioxidants, fat-soluble antioxidants and,

solely in the case of solid compositions, additionally an anti-caking agent.

14. A colorant composition according to claim 13, wherein the mono- di-, oligo- and
polysaccharides are selected from sucrose, invert sugar, glucose, fructose, lactose, maltose,

a sugar alcohol, starch, a starch hydrolysate and glucose syrup.

15. A colorant composition according to claim 14, wherein the starch hydrolysate is a
dextrin or a maltodextrin having the range of 5 - 65 dextrose equivalents, and the glucose

syrup has the range of 20 - 95 dextrose equivalents.

16. A colorant composition according to any one of claims 8 and 13 to 15, wherein
the triglyceride is a vegetable oil or fat, preferably corn oil, sunflower oil, soybean oil,
safflower oil, rape seed oil, peanut oil, palm oil, palm kernel oil, cotton seed oil or coconut

oil.

17. A colorant composition according to any one of claims 13 to 16, wherein the
water-soluble antioxidant is ascorbic acid or a salt thereof, preferably sodium ascorbate,

and the fat-soluble antioxidant is a tocopherol, butylated hydroxytoluene; butylated
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hydroxyanisole; propyl gallate; tert. butyl hydroxyquinoline; or an ascorbic acid ester of a
fatty acid, preferably ascorbyl palmitate or stearate.

18. A colorant composition according to any one of claims 13 to 17, wherein the
anti-caking agent is silicic acid.

19. A process for preparing a colorant composition for food products or
pharmaceutical compositions as claimed in any one of claims 7 to 8, characterized by
homogenizing, in an aqueous or colloidal solution of a carrier and optionally one or more
water-soluble excipients and/or adjuvants, a solution or dispersion of the zeacarotene or
zeacarotene mixture and optionally one or more fat-soluble excipients and/or adjuvants in
a triglyceride or an organic solvent, or in a mixture of both triglyceride and organic
solvent, and, if required, converting the so obtained dispersion into a solid composition.

20. A process according to claim 19, characterized by preparing a solution or
dispersion of the zeacarotene or zeacarotene mixture and an oil-soluble antioxidant in a
triglyceride and optionally, an organic solvent, emulsifying the resulting oil-based
solution or dispersion in an aqueous solution prepared from a protective hydrocolloid or
carrier, a carbohydrate and, optionally, a water-soluble antioxidant; if required removing
the organic solvent from the emulsion, drying the emulsion in a manner known per se,
and finally separating the dried particles.

21. A process for preparing a colorant composition for food products or
pharmaceutical compositions as claimed in any one of claims 7, 8 and 13 to 17 and which
is a suspension of finely divided the zeacarotene or zeacarotene mixture in a triglyceride,
characterized by introducing the zeacarotene or zeacarotene mixture and optionally one or
more fat-soluble excipients and/or adjuvants in a triglyceride, affording an oil-miscible
dispersion of the zeacarotene or zeacarotene mixture in the triglyceride, and milling the
dispersion, e.g. by ball-milling, thereby converting said dispersion into the desired
suspension of finely divided zeacarotene or zeacarotene mixture in the triglyceride.

22. A colorant composition as defined in claim 7 and substantially as herein

described with reference to any one of Examples 1 to 11.
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23. A process of making a colorant composition s defined in claim 7 which

process is substantially as herein described with reference to any one of Examples 1 to 11.
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