PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 :

(11) International Publication Number:

WO 00/54838

A61P 3/02, AG1K 9/00, 9/107, A23L Al . .
1/303, 1/304 (43) International Publication Date: 21 September 2000 (21.09.00)

(21) International Application Number: PCT/GB00/00986 | (81) Designated States: AE, AL, AM, AT, AT (Utility model), AU,
AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, CZ

(22) International Filing Date: 16 March 2000 (16.03.00) (Utility model), DE, DE (Utility model), DK, DK (Utility
model), DM, DZ, EE, EE (Utility model), ES, FI, FI (Utility

model), GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,

(30) Priority Data: JP, KE, KG, KP, KR, KR (Utility model), KZ, LC, LK,
9906009.7 16 March 1999 (16.03.99) GB LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,

(71) Applicant (for all designated States except US): NYCOMED
PHARMA AS [NO/NOJ; Sandakerveien 78, N-0483 Oslo
(NO).

(72) Inventor; and
(75) Inventor/Applicant (for US only): PIENE, Jan, Yngvar
[NO/NO]; Sandakerveien 78, N-0483 Oslo (NO).

(74) Agents: COCKBAIN, Julian et al.; Frank B. Dehn & Co., 179
Queen Victoria Street, London EC4V 4EL (GB).

NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK (Utility
model), SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN,
YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, SD,
SL, SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG,
KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, CY,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW,
ML, MR, NE, SN, TD, TG).

Published
With international search report.

(54) Title: CALCIUM-CONTAINING COMPOSITION

(57) Abstract

The invention provides a liquid emulsion composition having a continuous aqueous phase containing a viscosity modifier and
a dissolved physiologically tolerable calcium compound, and a discontinuous triglyceride phase comprising vitamin D and an edible
triglyceride, said emulsion composition further containing at least one emulsifying agent selected from edible phospholipids and fatty acid

esters.




AL
AM
AT
AU

BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CU
CzZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya

Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
D
TG
TJ
™
TR
TT
UA
UG
Us
vz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan

Turkey .
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam

Yugoslavia

Zimbabwe




WO 00/54838 PCT/GB00/00986

Calcium-containing composition

This invention relates to a calcium and vitamin D
formulation in liquid form, for example a syrup or a
liquid concentrate, and to a process for its
manufacture.

Calcium carbonate tablets are widely used as a
source of the essential nutrient calcium, especially for
individuals in periods of rapid growth (e.g. in infancy
or adolescence), or those suffering from or at risk of
osteoporosis.

Calcium uptake is reduced in patients with vitamin
D deficiency and accordingly calcium carbonate is often
formulated together with vitamin D, e.g. as in the
Orocal-Vitamin D; tablets of Theramex (Monaco).

However there is a need for alternative dosage
forms for the administration of calcium and vitamin D.
Different age groups will have different preferences for
specific products and this represents a challenge to the
pharmaceutical and food industry. Increased attention
has been focused on the fact that an increased peak bone
density at the end of adolescence reduces the risk of
osteoporosis later on in life. This shifts the emphasis
towards prevention efforts directed at young children
and especially adolescent females. The recommended
calcium intake for young women (11-24 years) 1is as high
as 1200-1500 mg of elemental calcium per day. Vitamin D
metabolites enhance calcium absorption and an intake of
600 to 800 IU/day of vitamin D is recommended.
Population surveys of girls and young women 12-19 years
of age show their average calcium intake to be less than
900 mg/day. It is important to increase the awareness
of this problem and to improve the dietary calcium
intake in this age group. One measure is to offer to

this age group dietary supplements and fortified foods
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containing calcium and vitamin D which they find
attractive and convenient to take.

Accordingly, since the calcium dosage desired for
an individual may vary depending on age and condition,
and since the calcium tablets available commercially are
rather large (e.g. about 1.7 to 2.5g in weight per
tablet), it is desirable to provide such calcium and
vitamin D supplements in an acceptable liquid form, e.g.
as a syrup or as a liquid concentrate for dilution
before consumption.

Formulating calcium and vitamin D in a liquid
composition however provides its own problems, in
particular related to the stability of the vitamin D.
Thus typically vitamin D activity (ie. content) of such
liguid compositions deteriorates rapidly.

By way of example GB-A-2196523, which acknowledges
the problem of vitamin D deterioration, describes two
beverages which, after 3 months storage, had lost in one
case a third of vitamin D and in the other case all
vitamin D.

Calcium and vitamin D supplement products need to
be storage stable for prolonged periods in order to be
commercially viable and in order for the user to receive
the desired dosages of calcium and vitamin D. To some
extent, vitamin D deterioration may be compensated for
by use of an "overage", a higher initial vitamin D
content; however, the overage must be relatively small
(e.g. 10% or less) otherwise doses received when using
relatively fresh product would be above the desired
levels.

We have now found that liquid calcium and vitamin D
compositions with very long storage lives can be
produced if the vitamin D is present in the oil-phase of
an agueous oil-in-water emulsion in which the oil phase
derives from an edible triglyceride and a phospholipid.

Thus viewed from one aspect the invention provides

a liquid emulsion composition having a continuous
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aqueous phase containing a viscosity modifier and a
dissolved physiologically tolerable calcium compound,
and a discontinuous triglyceride phase comprising
vitamin D and an edible triglyceride, said emulsion
composition further containing at least one emulsifying
agent selected from edible phospholipids and fatty acid
esters.

In the compositions of the invention, the edible
triglyceride is preferably a fish oil or more preferably
a plant oil, optionally wholly or partially
hydrogenated, e.g. coconut oil, soybean oil, rape seed
oil, sunflower oil, safflower oil, mustard seed oil,
olive oil, etc. Particularly preferably the oil will be
one rich in relatively short fatty acid chains, e.g.
having a high abundance of C; to Ciy or more preferably C,
to C,; fatty acid residues. Particularly preferably, the
weight average fatty acid carbon content is in the range
Cy to Cyp. Fatty acid profiles can be adjusted as
desired by fractionating plant oil or by mixing plant
oils from different sources. Highly unsaturated fatty
acids are in general not preferred. The edible
triglyceride preferably constitutes up to 5% by weight
of the total composition, more preferably up to 3% by
weight, still more preferably up to 1% by weight, e.g.
0.1 to 0.5% by weight.

The edible triglyceride is preferably used in a
ratio of 1000 000 IU vitamin D to 50 to 400g, more
preferably 175 to 300g, especially 190 to 250g, more
especially 200 to 225g triglyceride.

In place of, or in addition to, the phospholipid in
the compositions of the invention, other fatty acid
ester emulsifying agents may be used, e.g. esters of
fatty acids (e.g. Cic,,, especially C,; fatty acids) and
polyhydric alcohols (especially C, alcohols) or
polyoxyethylated derivatives thereof, in particular the
span and tween non-ionic surfactants, especially

polysorbate 80 (i.e. Tween 80). However while such
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emulsifiers, in particular polysorbate 80, have found
use in the pharmaceutical and dietéry supplement area,
they are not generally preferred for use in foodstuffs
and the use of phopholipids in the compositions of the
invention is preferred.

The phospholipid used in the compositions of the
invention is preferably a glycerophospholipid, a
lysophospholipid or a sphingophospholipid, e.g. a
sphingomyelin (SPH), cerebroside or ganglioside.
Examples of glycerophospholipids include phosphatidic
acids (PA), phosphatidylethanolamines (PE),
phosphatidylcholines (PC), phosphatidyl-glycero-
prhosphates, N-acyl-phosphatidyl-ethanolamines,
phosphatidylserines (PS), phosphatidylinositols (PI),
phosphatidylglycerols, diphosphatidylglycerols and
plasmalogens. Examples of lysophospholipids include
lysophosphatidylcholines, lysophoéphotidylethanolamines,
lysophosphatidylinositols, lysophosphatidylserines,
lysophosphatidylglycerols,
lysophosphatidylglycerophosphates,
lysodiphosphatidylglycerols, lyso-N-acyl-
phosphatidylethanolamines and lysophosphatidic acids,
Glycerophospholipids, for example phosphatidylcholines,
are particularly preferred. The phospholipid may be
naturally occurring, synthetic or semisynthetic; however
arian egg phospholipids or plant-derived natural
phospholipids such as lecithins are especially
preferred, e.g. soybean, sunflower, rapeseed, corn or
peanut lecithins. By semisynthetic phospholipids is
meant a natural phospholipid which has been subjected to
chemical modification, e.g. hydrolysis, for example
enzymatic hydrolysis with phospholipases such as
phospholipase A,, A,, B, C, or D, especially
phospholipase A,. Single phospholipids or combinations
of two or more phospholipids may be used. Plant derived
lecithins generally contain a mixture of phospholipids,

€.g. PC together with one or more of PE, PI, PS, PA and
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SPH. One example of a particularly suitable
commercially available food grade phospﬁolipid is
Emultop (available from Lucas Meyer GmbH, Hamburg, DE),
a deoiled, enzymatically hydrolysed, powdered soybean
lecithin enriched with lysophospholipids. Lecithins are
also particularly preferred for use as the phospholipids
due to their tocopherol content and inherent
antioxidative properties.

The phospholipids or fatty acid ester emulsifiers
are preferably used at a weight ratio relative to the
triglyceride of 1:10 to 1:60, more preferably 1:20 to
1:40, especially 1:25 to 1:35.

It is thought that the phospholipid or fatty acid
ester provides the triglyceride droplets in the emulsion
with an at least partial surface membrane which serves
to promote stability both of the emulsion and of the
vitamin D dispersed in the triglyceride droplets. The
protection of the vitamin D may arise as a result of
reduced oxygen diffusion across the oil-water interface
of the emulsion droplets and desirably the vitamin D
concentration in the oil phase is relatively low in
order to have a low ratio between vitamin D-in-oil
concentration and oil-water interface surface area.

The vitamin D used in the compositions of the
invention may be in any one of its various active forms
including metabolites and bioprecursors, e.g.
cholecalciferol (vitamin D), ergocalciferol (vitamin
D,), 1la,25-dihydroxy vitamin D, 25-hydroxy vitamin D, lo-
hydroxy vitamin D, etc. Ergocalciferol and, even more
so, cholecalciferol are preferred. Vitamin D; is readily -
available commercially in an edible oil base, e.g. from
Roche. Such forms may include edible triglycerides and
it should be noted that the total quantity of edible
triglycerides in the composition may include some
deriving from the vitamin D mix.

The calcium compound used in the compositions of

the invention may be any calcium compound capable of
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acting as a calcium source on oral administration. The
compound may be in dissolved or dissolved and suspended
form in the final composition; while soluble calcium
salts are preferred, insoluble calcium salts may be
included to further increase the calcium concentration
of the compositions.

However, where insoluble calcium salts are used, it
is desirable to use them in finely divided form, e.g.
with a mean particle size below 5 um, to prevent
sedimentation during storage and to avoid any "gritty"
taste on consumption. By "soluble" is meant soluble in
the continuous aqueous phase of the compositiormn.
Examples of calcium sources include calcium carbonate,
calcium lactate, calcium gluconate, calcium citrate,
calcium malate, calcium hydroxide, calcium
glycerophosphate, calcium phosphate, calcium hydrogen
phosphate (in tribasic, dibasic and monobasic forms, ie.
Ca; (PO,),, CaHPO,.2H,0 and Ca (HPO,),.H,0), calcium
glucuronate, calcium aspartate, calcium glucoheptonate,
calcium chloride, etc. As a soluble calcium salt,
calcium lactate (e.g. calcium lactate pentahydrate)
which has a mild, neutral taste is preferred. As an
insoluble calcium salt, calcium carbonate is preferred.

If the calcium is to be kept in dissolved form in
the emulsions of the invention, the calcium
concentration should be selected to be below its
solubility limit, a limit which may be PH and
temperature dependant and may be dependant on the
presence or absence of other components in the agueous
phase, e.g. acidifiers. 1If for any particular
formulation, a precipitation or flocculation problem
occurs, this can readily be remedied by increasing the
water content, i.e. by reducing the calcium
concentration in the agueous phase.

Where desired, the calcium salt may be formed in
the production of the compositions of the invention,

e.g. by reaction of calcium carbonate or calcium
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hydroxide with an acid source of the desired counterion,
e.g. lactic acid, malic acid or citric acid (especially
(+) -lactic acid) for the preparation of calcium
lactate) .

In the composition of the invention, the calcium
content will preferably be 1000 mg Ca per 200-1200 IU
vitamin D, more preferably 1000 mg/400-1000 IU, most
especially about 1000 mg/700-900 IU. 1In general, the
composition, in concentrate or syrup form, will contain
0.5 to 10% w/w of calcium and 0.5 to 100 IU/g vitamin D,
preferably 1 to 6% w/w calcium and 1 to 50 IU/g, more
preferably 1 to 5% w/w calcium and 9 to 40 IU/g. For
administration, the emulsion may be taken neat or may
first be diluted, e.g. with water or a selected
beverage, for example in a 1 part emulsion to 2 to 10
parts, more especially 5 parts, water ratio.

Besides the calcium compound, the triglyceride, the
emulsifying agent (e.g. phospholipid), the vitamin D and
water, the compositions according to the invention may,
and indeed generally will, contain other physiologically
tolerable components, for example sweeteners, viscosity
modifiers (e.g. gelling agents, gums, starches, and
other thickeners), antioxidants (e.g. tocopherols, such
as d,l-a-tocopherol, and ascorbyl palmitate), essential
nutrients (e.g. vitamins other than vitamin D (e.g.
vitamins A, B, C, E and KX), isoflavones, betacarotene,
lycopene, soluble and insoluble fibre and minerals other
than calcium), colouring agents, pharmaceuticals, pH
modifiers (e.g. buffering agents or acidifiers, for
example citric acid, lactic acid, malic acid, etc.)
preservatives (e.g. benzoates and sorbates), flavours,
etc.

The compositions of the invention also contain a
viscosity modifier, ie. a material which increases the
viscosity of the agueous phase, most preferably the
combination of a thickener and a gelling agent, for

example agar agar and an edible gum such as locust bean
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gum, guar gum, xanthan gum, gum arabic, or gum
tragacanth. The viscosity modifier will generally be
used at total concentrations of 0.01 to 5% w/w of the
total liquid emulsion composition, more preferably 0.05
to 3% w/w, especially 0.3 to 1.5% w/w. The viscosity
modifiers serve to enhance the physical stability of the
emulsion and advantageously at least one of the
viscosity modifiers used is a gelling agent, ie. a
material capable of forming a gel on dissolution in
water. The gelling agent is preferably used at a
concentration of 0.05 to 1% w/w of the total
composition, more preferably 0.06 to 0.4% w/w,
especially 0.07 to 0.3% w/w. One particularly preferred
gelling agent is agar agar and this is especially
preferably used together with one or more edible gums,
e.g. locust bean gum and guar gum. The thickener is
preferably used at a concentration of 0.05 to 3% by
weight of the total composition.

The compositions of the invention are intended for
oral ingestion and thus desirably contain sweeteners and
flavours to enhance their acceptability to the consumer.
The sweeteners used may be natural sweeteners, e.g.
mono, di and polysacchrides, for example sucrose,
fructose, fructooligosaccharides (oligofructoses),
glucose, glucose syrup, invert sugar, maltodextrins or
sugar alcohols such as sorbitol, mannitol, Xylitol,
isomalt, etc., or artificial sweeteners. However
intense artificial sweeteners, and especially non-
cariogenic sweeteners are preferred. Examples include
aspartame, acesulfam K, neohesperidine dihydrochalcone,
thaumatin, saccharin, saccharin salts and cyclamates. A
single sweetener or a combination of two or more
sweeteners may be used. Preferred natural sweeteners
are sugar and fructose conveniently used as syrups with
70% solids (on drying), and fructooligosaccharides. A
particularly preferred combination is aspartame and
acesulfam K, e.g. in a 2:1 to 1:2 weight ratio,
especially a 0.9:1 to 1:0.9 ratio.
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Especially preferred a combination of aspartame,
acesulfam and inulin and/or fructooligoséccherides is
used as the combination has a synergistic taste effect,
relatively effectively mimicking the sweetening effect
of sugar and masking any harsh taste of the artificial
sweeteners. Fructooligosaccharides can be obtained by
partial hydrolysis of inulin and are available under the
trade name Raftilose from Orafti SA, Tienen, Belgium,
which firm also supplies inulins under the trade name
Raftiline. Fructooligosaccharides. are also available
under the trade name Actilight from Beghin-Meiji
Industries, Neuilly-sur-Seine, France. Generally the
inulin or fructooligosaccharide will be used in 100-5000
parts by weight per 2 parts by weight of aspartame and
acesulfam.

The content of sweetener in the compositions of the
invention will depend upon the particular sweeteners
used and on whether the composition is to be diluted
before consumption. Thus the sweetener content will be
chosen so as to give a pleasant sweetness on
consumption. Typically the sweetener content will be
0.05 to 1% w/w where intense artificial sweeteners are
used, e.g. about 0.1% w/w. Where natural sweeteners
(e.g. invert sugar or fructose) are used, they can
typically make up 20-50% w/w, more.preferably 30-50% w/w
of the overall composition on a dry solids basis.

While polyols such as sorbitol, mannitol, xylitol
and isomalt may be used as mentioned above, these may
result in a laxative effect if used in large quantities
and they are thus less preferred than the intense
artificial sweeteners.

The use of prebiotics such as inulin and
fructooligosaccharides is also preferred as it appears
that they serve as a substrate for the bifidobacteria in
the colon, resulting in certain circumstances in
improved uptake of calcium. The use of

fructooligosaccharides in oral calcium compositions is
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novel and forms a further aspect of the present
invention. Viewed from this aspect the invention
provides an orally administrable calcium supplement
comprising a physiologically tolerable calcium compound,
a prebiotic (e.g. fructooligosaccharide or inulin) and
preferably also a vitamin D. Such supplements may be in
any convenient form, e.g. tablets (for example as
described in W096/09036 (Innothera), powders, capsules,
dispersions, emulsions, syrups, gels, etc.

For compositions intended for adolescent females
and children not in need of low calorie productg,
natural sweeteners may be preferred over artificial
sweeteners. However, for products intended for calorie-
conscious adults, artificial sweeteners may be
preferred.

Examples of flavouring agents useful in the
compositions of the invention include fruit (e.g.
pineapple or citrus) concentrates and concentrated
aqueous or non-aqueous flavours such as flavour oils,
e.g. citrus oils, for example cold pressed orange oil
(B.P.). Orange concentrate, e.g. 65 Brix orange
concentrate is particularly suitable. The flavouring
agent will be used at a concentration sufficient to give
the composition, optionally after dilution, a pleasant
taste. By way of example 65 Brix orange concentrate may
be used at a concentration of 1 to 20% w/w relative to
the total emulsion, preferably 2 to 15% w/w.
Alternatively cold pressed orange oil BP may be used at
a concentration of 0.04 to 0.3% w/w, preferably 0.06 to
0.2% w/w, relatively to the total emulsion.

It should be recognised that the use of flavours or
acidifiers which are soluble in the aqueous phase (e.g.
fruit concentrates or citric acid) may affect the
solubility of the calcium compound in that phase and
that it may be necessary in such cases to dilute the
agueous phase to prevent precipitation. Accordingly,

acidifiers such as lactic acid and water-insoluble
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flavours such as citrus oils or water-soluble flavours
such as strawberry, raspberry, passion fruit, exotic
fruit, peach and apricot flavours and other non-citrus
flavours such as pineapple concentrate are preferred.

Where a flavour oil is used, it may be dispersed in
the triglyceride together with the vitamin D or
alternatively and preferably it and the vitamin D are
separately dispersed in the overall emulsion - in this
way any effect of the flavour oil on vitamin D stability
may be minimized. In these circumstances a phospholipid
or another emulsifier is preferably dissolved in the
flavour oil and two oil phases, one containing flavour
oil and the other containing vitamin D are intensively
mixed with the agueous phase. This can be done
separately (with the two emulsions then being mixed
together) or sequentially (with one oil phase, generally
the vitamin D phase, being intensively mixed with some
or all of the agueous phase and the second oil phase
then being intensively mixed with the resulting emulsion
(optionally after dilution of this emulsion) .

Suitable preservatives for use in the compositions
of the invention include food grade preservatives, for
example the potassium and sodium salts of sorbic,
benzoic and parahydroxybenzoic acids. Potassium sorbate
is especially preferred. The preservative will
generally be used at concentrations of 0.05 to 1.5% w/w
relative to the total emulsion, preferably 0.1 to 0.3
w/w.

Vitamin C is desirably included in the compositions
of the invention, e.g. at a concentration of 1-3 mg/ml,
especially 1.5-2.0 mg/mL.

As a colouring agent, beta-carotene may for example
be used. Beta-carotene gives the emulsion an orange
colour which matches the orange flavour where an orange
flavour is used. Cold-water soluble beta-carotene is
preferred as it disperses easily in the agueous phase.
Beta-carotene 7% CWS from Roche, which gives the product
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a clear transparent orange colour is especially
preferred.

Acidifying agents, e.g. lactic or malic acid, may
be included in the compositions of the invention.
Lactic acid, available in 80% solution as Purac 80 from
Purac biochem bv is preferred. Preferably the pH of the
emulsion should be adjusted to below 6, more preferably
below 5, e.g. in the range 3 to 5. The particular pH
selected should be sufficient to maintain all or the
desired fraction of the calcium coﬁpound in solution.
Where fructooligosaccharides are used in the
compositions of the invention, the pPH is desirably kept
above 4 to avoid hydrolysis.

The compositions of the invention are oil-in-water
emulsions, preferably with a narrow oil (triglyceride)
droplet size distribution with the mean droplet size
(measured for example by light microscopy and comparison
with a 1 to 10 um scale) in the range 1 to 5 um, more
preferably 1 to 4 um. Emulsification is preferably
effected in such a way as to have only a small oversize
fraction of droplets, ie. droplets above 5 um in
diameter. This may be achieved by mixing the aqueous
phase and the oil phase using a high intensity mixer,
for example a high shear rotor stator mixer, available
for example from ¥Ystral GmbH, Dottingen, DE. One
example of a suitable mixer is the Diax 600 with a 200G
or 20F shaft. An in-line dispersion chamber (eg Diax
600, type 22/Z is preferably used as this can ensure
that little or no air is introduced into the emulsion.

It may be more efficient to create an emulsion
using only part of the aqueous phase and then to add the
emulsion to the remaining portion or portions of the
agueous phase.

The preparation of the emulsion of the invention
forms a further aspect of the invention. Viewed from
this aspect the invention provides a process for the
preparation of a liquid emulsion composition according

to the invention, said process comprising:
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forming an aqueous composition comprising an
aqueous solution of a viscosity modifier;

forming a triglyceride composition comprising a
solution of a Vitamin D and at least one emulsifying
agent selected from edible phospholipids and fatty acid
esters;

mixing said triglyceride composition with at least
part of said aqueous composition whereby to form an oil-
in-water emulsion; and

if necessary mixing further components with said
emulsion whereby to form said liquid emulsion
composition, e.g. mixing in further agueous or non-
aqueous compositions containing a physiologically
tolerable calcium compound, sweeteners, a further
viscosity modifier (e.g. a gelling agent), further
vitamins or minerals, flavours, colours, preservatives
etc.

On a small scale, the process of the invention
preferably involves preparing at least two, and more
preferably at least three, agueous compositions and at
least one, preferably two, non-agueous compositions.
The first aqueous composition comprises a solution of a
thickening agent (e.g. a vegetable gum or a mixture of
vegetable gums, e.g. galactomannans) and a portion of
this may be used for the preparation of the emulsion,
the remainder being combined with a second agueous
composition which is an agueous solution of a gelling
agent (e.g. agar agar). The calcium compound may be
dissolved or dispersed in either of the first or second
aqueous solutions or in the combined aqueous
composition; preferably however the calcium compound is
dispersed in a third agueous composition, optionally
together with further components such as sweeteners and
preservatives, and this third agueous composition is
mixed in with the combined aqueous composition before or
preferably after which the emulsion is also mixed in.
Where an oil component such as a flavour oil is used

which has the potential to reduce vitamin D stability,
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it is preferred to prepare two oil compositions, a first
containing the vitamin D and the phospholipid and a
second containing an emulsifier (e.g. the same
phospholipid) and the further other oil component.

The first oil composition is preferably emulsified
with the portion of the first aqueous composition that
has been set aside for emulsion formation whereafter the
second oil composition may be intensively mixed in with
the resultant emulsion.

The overall volume of water used is preferably kept
to the minimum required to keep the calcium compound
stably in solution. The proportions of this water used
to prepare the different aqueous compositions will
generally be selected to be at least the minimum
required to produce compositions which can be poured and
mixed together, the total desired water content can be
made up by addition of aqueous solutions of further
components (such as vitamin C) or of water. 1In this way
evaporation losses can be compensated for.

Preferably all composition production and handling
is carried out under an inert (e.g. nitrogen or inert
(e.g. noble) gas) atmosphere, under a partial vacuum or
with nitrogen injection so as to minimize the oxygen
contact with the vitamin D. Alternatively oxygen
contact may be reduced by preparing the vitamin D-
triglyceride composition, and emulsifying this with the
thickener solution under an inert atmosphere.

One preferred embodiment of a small scale
preparation of an emulsion according to the invention

comprises the following steps:

1. Heat a first batch of water to 60°C.

2. Add agar agar and disperse with a high speed
mixer.

3. Heat to 95°C to dissolve the agar agar to

produce liquid (A).
4. Maintain liquid (A) above the gel point (30-
40°C), e.g. at 50°C.



WO 00/54838 PCT/GB00/00986

_15_
5. Heat a second batch of water to 70°C.
6. Add a 65:35 locust bean gum: guar gum mixture

and disperse with a high speed mixer to produce liquid
(B) .

7. Maintain liquid (B) at a temperature above the
gel point of liquid (A), e.g. at 50°C.

8. Remove a fraction, e.g. 5-10%, of liquid (B),
cool to about 30°C and dilute with water to reduce
viscosity to a level suitable for emulsification and to
reduce exposure of vitamin D to elevated temperatures.
The resulting ligquid is liquid (C).

9. Combine the remainder of the liquid (B) with
liquid (A) and maintain the resulting liquid, liquid (D)
above the gel point, e.g. at 50°C.

10. Add sweeteners (e.g. acesulfam and aspartame)
and preservatives (e.g. potassium sorbate) to a third
batch of water at ambient temperature.

11. Add calcium lactate and disperse to produce a
thick suspension, liquid (E).

12. Add liquid (E) to liquid (D) keeping the
temperature of the resulting mixture above the gel
point, e.g at 50°C. The calcium lactate will dissolve
to yield a clear solution. If desired colorants,
acidifier (e.g. lactic acid), fructooligosaccharides,
etc. can be added at this stage. The resulting liquid
is liquid (F).

13.  Cool liquid (F) slowly through its gel point,
€.g. to 25-28°C, with constant gentle stirring to
prevent gelling at container sides. The result is a
pourable, viscous, liguid.

14. Add lecithin to triglyceride at ambient
temperature, heat to 50°C to dissolve the lecithin and
cool to about 30°C.

15. Add vitamin D to produce liquid (G).

16. Mix citrus oil (e.g. orange o0il) with lecithin
and warm slightly, e.g. to about 30°C to dissolve the
lecithin. The resultant liquid is liquid (H).
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17. Mix liquid (G) and liquid (C) with a high
intensity mixer to produce an emulsion. Then mix in
liquid (H) also with a high intensity mixer, e.g. a
rotor stator. Allow the resulting emulsion, liquid (I)
to cool to 25-30°C.

’

15. With gentle stirring mix ligquid (I) into
liquid (F), and vitamin C solution, cool to below 25°C,
add water if required to make up volume and fill into
bottles and seal under nitrogen.

The containers used may be single dose containers,
e.g. bottles, sachets, vials, etc; however multi-dose
containers are preferred, €.9. 50 to 1000 mL bottles,
preferably 500 mL bottles. If the containers are light
transmitting, they are preferably brown-coloured, e.g.
brown coloured PET. Before the containers are sealed,
the head space above the emulsion may 1f desired be
flushed with an oxygen-free gas, e.g. nitrogen.

As mentioned above, deaeration or nitrogen
injection is preferably used during the preparation of
the emulsion product to exclude oxygen.

The emulsion is preferably administered (optionally
after dilution) in doses containing 100 to 1500 mg Ca,
preferably 200 to 500 mg Ca, with sufficient doses being
taken over the day to provide a 200 to 1200 mg Ca daily
dosage, more preferably a 500 to 1000 mg Ca daily
dosage. For prophylactic use, the daily dosage is
preferably 400 to 600 mg Ca, more preferably 500 mg Ca
while for therapeutic use, €.g. 1in osteoporosis, the
daily dosage is preferably 900 to 1100 mg Ca, more
preferably 1000 mg Ca. Individual doses preferably
contain 500 mg Ca or less in order to optimise calcium
uptake.

The vitamin D dosage is preferably 100 to 1000 IU
per day, more preferably 300 to 500 IU/day for
prophylactic use and 700 to 900 IU/day for therapeutic
use. The calcium to vitamin D ratio is preferably 500

mg Ca: 150-500 IU, more preferably 500 mg Ca: 200-450
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IU, especially 500 mg Ca: 200-220 IU and 500 mg Ca: 400-
450 IU for prophylactic and therapeutic ﬁse
respectively.

The calcium content of the emulsion according to
the invention is preferably 10-27.5 mg Ca/mL, especially
12.5 or 25 mg Ca/mL. Such emulsions may conveniently be
diluted 1 part with 5 parts by volume of diluent, e.g.
tap water or mineral water, milk, fruit juice, or any
other alcohol-free beverage. Where water is used the
resultant diluted composition may be a clear liquid with
an acceptable flavour.

Doses of the composition of the invention may be
taken between meals or with meals and are suitable for
older people with reduced gastric acid secretion.

The compositions of the invention may be used in
therapeutic or prophylactic treatment and this forms a
further aspect of the invention. Viewed from this
aspect the invention provides a method of treatment of a
human or non-human mammal subject to combat conditions
associated with calcium deficiency (e.g. osteoporosis),
said method comprising orally administering said subject
a composition or supplement according to the invention,
optionally following dilution thereof in a
physiologically tolerable aqueous liquid.

The invention will now be described further with

reference to the following non-limiting Examples:



WO 00/54838 PCT/GB00/00986

EXAMPLE 1

Preparation of a liquid beverage concentrate

Ingredients:

Potassium sorbate 4g
Calcium lactate pentahydrate 175g
Agar agar 3.2g
Guar gum 4.5g
Locust bean gum 8.3g
Aspartame 1g
Acesulfam K 1g
Lactic acid (80%) 8g
Betacarotene (7% CWS) 170mg
Orange oil BP 3g
Vitamin D; (1 MIU/g from Roche) 22mg
Lecithin (Emultop) 315mg
Fractionated coconut oil 4.7g
Purified water to 2000 mL

The agar agar is mixed with 350 ml of purified water
with an intensive mixer and heated up until dissolved at

a temperature of 95°C.

The locust bean gum and guar gum are mixed together with
900 mL of purified water at a temperature of 70°C. 70
mL of this mixture is removed and diluted to 150 mlL with

purified water and set aside for use in emulsification.

The agar agar solution and the remaining gum solution

are mixed and kept above 50°C to form the main solution.

Aspartame, acesulfam K and potassium sorbate are added

to 600 ml of purified water and dissolved by the aid of
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an intensive mixer. 175 gram of calcium lactate
pentahydrate is then gradually added to form a

suspension by the aid of the same intensive mixer.

The suspension is transferred to the main solution where
calcium lactate dissolves completely to form a clear

solution.

Lactic acid (80%) and betacarotene 7% CWS are added and
the container is placed in a waterbath for cooling while

continuously being stirred by a slow moving stirrer.

The triglyceride and 190 mg lecithin are heated up until
approximately 50°C until a solution is achieved. The
clear brown solution is then cooled down to

approximately 30°C whereupon vitamin D is added.

The orange oil and 125 mg lecithin are mixed; only
slight heating is necessary in this case in order to
dissolve the lecithin.

The triglyceride phase is then emulsified into the 150
ml diluted gum solution with an intensive mixer at high
speed to produce an emulsion. Likewise the orange oil
is then emulsified into the same 150 ml. The emulsion
is then added to the main solution when the temperature

in this solution is at approximately 28°C.

The temperature is further brought down below 20°C at
which the volume is corrected with purified water to
2000 ml. The product is then filled into coloured 250 -
1000 ml PET or glass bottles.

The resulting beverage concentrate contains 250 mg of
elemental calcium and 220 TU of vitamin D; per 20 ml of

serving. The beverage concentrate has the following
properties:
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Viscosity (Brookfield) :

Density:
PH:
Average droplet size

PCT/GB00/00986

1280 mPa.s
1.01 g/ml
4.7

2-4 um

The viscosity is measured by the aid of a Brookfield DV-

2 viscosimeter, spindle 2 and with a rotation speed of

10 rpm. A 600 ml sample is used and the measurement is

taken at room temperature.

EXAMPLE 2

Preparation of a liquid beverage concentrate

Ingredients:

Agar agar 2.6g
Locust bean gum 6.8g
Guar gum 3.6g9
Calcium lactate pentahydrate 175g
Potassium sorbate 4g
Aspartame 1lg
Acesulfam K 1g
Fructooligosaccharides

(Raftilose L95/75) 210g
Lactic acid 80% 8g
Betacarotene 7% CWS 200mg
Fractionated coconut oil 4.7g
Lecithin (Emultop) 315mg
Vitamin D; (1 mill IU/g

from Roche) 22mg
Orange o0il, BP 3g

Purified water to

2500 ml
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The beverage concentrate is prepared analogously to
Example 1. The fructooligosaccharide is added at the
time when the cooling down process starts in order to

avolid unnecessary exposure to high temperatures.

The beverage concentrate contains 250 mg of elemental
calcium, 220 IU of vitamin D; and 1.5 grams of fructo
oligosaccharides per 25 ml of serving. The beverage
concentrate has the following properties:

Viscosity (Brookfield) : 916 mPa.s
Density: 1.00 g/ml
pH: 4.7
Average droplet size 1-3 um
EXAMPLE 3

Preparation of a liquid beverage concentrate

Ingredients:

Agar agar 2.6g
Locust bean gum 6.8g
Guar gum 3.6g
Calcium lactate pentahydrate 175g
Potassium sorbate 4g
Aspartame 1g
Acesulfam K 1g
Fructooligosaccharides

(Raftilose L95/75) 210g
Lactic acid 80% 8g
Betacarotene 7% CWS 200mg
Fractionated coconut oil 4.7g
Lecithin (Emultop) 315mg

Vitamin D; (1 mill IU/g
from Roche) 22mg
Orange oil, BP 3g



WO 00/54838 PCT/GB00/00986

Ascorbic acid 3.9g

Purified water to 2500 ml

The beverage concentrate is prepared analogously to
Example 2, except that vitamin C is dissolved in
approximately 100 ml of purified water and added at the
end of the process together with the triglyceride and
orange oil emulsion.

The beverage concentrate contains 250 mg of elemental
calcium, 220 IU of vitamin D:, 39 mg of vitamin C and 1.5
grams of fructooligosaccharides per 25 ml of serving.

The beverage concentrate has the following properties:

Viscosity (Brookfield) : 1130 mPa.s
Density: 1.02 g/ml
pPH: 4.6
Average droplet size 1-3 um
EXAMPLE 4

A stability study was carried out in order to
investigate the physical and chemical stability of the
liquid calcium composition product. A 2° factorial
design was set up in order to demonstrate the effect of
three formulation variables. These were the type of
emulsifying agent, presence of vitamin C and presence of
oligofructose. The following combinations of
formulation variables were used in all together 8

combinations and executed in a random order:
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Batch Emulsifying Vitamin C Oligofructose
agent
1 Emultop 39.0 mg g
2 Emultop 2.0 mg 1 g
3 Emultop 39.0 mg -
4 Tween 80 39.0 mg 1.5 g
5 Tween 80 2.0 mg -
6 Tween 80 2.0 mg 1.5 g
7 Tween 80 39.0 mg -
8 Emultop 2.0 mg -
9 Emultop 2.0 mg -
10 Emultop 2.0 mg -

Batches 9 and 10 were identical to batch 8 and were
produced in order to demonstrate the variability of the
analytical methods employed.

The type of emulsifying agent was investigated for
influence on the stability of vitamin D, and effect on
the physical stability of the emulsion. Effects on
physical stability investigated included any evidence of
Creaming or phase separation as well as the measurement

of the mean droplet size as a function of time.

The possible effect of two concentrations of vitamin C
and the presence of oligofructose on the stability of

vitamin D; was also investigated.

The calcium content per dosage of 20 or 25 ml was 200 mg
of elemental calcium and the content of vitamin D; was 4

#g (160 IU) per dosage (i.e. 4.4 pg (176 IU) including
overage (10%)).

The amount of the gelling agent (agar-agar) and the
thickeners (locust bean gum and guar gum) was selected

in order to maintain a satisfactory viscosity in the
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product.

The low level of vitamin C (2 mg) was added to the
formulations in order to function as an antioxidant to

prevent the discolouring of betacarotene.

Two minor modifications to the production method
previously described were employed. Firstly, the
vitamin D; and the orange oil were separately emulsified
into two different pre-emulsions and added after each
other into the main solution at a temperature of 28°C.
Secondly the emulsion was homogenised with a Diax 600
high intensity mixer for two minutes after the volume

correction at the very end of the production.

A vitamin D; premixture containing vitamin D,,
emulsifying agent and triglyceride which was enough for
ten batches was made for practical reasons and due to
the small amount of vitamin D; per batch. The same
procedure was carried out for the orange oil and
lecithin components.

Table 1 below gives the exact composition of the 10
batches



PCT/GB00/00986

WO 00/54838

25

Swg

Myy
3w 0og
Tw 0g

[ 000¢
3w go¢
30¢¥®
389°¢
3w 9z

8w 9yg
8w 00¢

30721
3061
8061
308%
3602

819
3¢zI
308%

01

Swyg

8y
8w 0og
[ oz

[ 000€
8w 00¢
806F
389°¢
Sw p9g

Swojg
8w 00¢

3021
8¢l
8¢

3087

3 602
8.9
8¢z1

3087

6

Swg

Sy
8w gog
w0z

W 000¢
Sw 00¢
805y
389°¢
Sw 9z

Swojg
8w go¢

3021
80¢'1
3061
308%
8 602
819
8¢z1
308%

8

8w ¢

8y gy
8w 0oz
[w 0g

[ar 000¢
8¢g¢
305¥
389°¢

8w 9z

8w grg

3w 00¢

8021
80¢1
8061
308%
8 602
319
8¢7z1
308%

L

Sw g
3¢
S gy
8w 0oz
[w ¢z

W 000¢
Sw 0pg
809¢
Sycy
Swiyg
Sw zey

8w 0z

8zce
8096
8021
N AR
308%
3891
30%°¢
80001
8p8¢

9

Swig

Sipy
8w 0oz
[w 0z

W 000€
8w 00¢
30¢p
389'¢
Sw 97
8w gyg

8w 0o¢

3oz
3061
8061
308%
3 60C
3L9
3¢eI
808¥%

S

sw g¢
3¢
Sipy
Sw 00z
Lty

[w 000¢
389%
309¢
X 2o 4

Swyg

Sw zey

3009

3zge
3096
30z1
30z1
308%
3891
30v'¢
30001
8¥8°¢

4

sw g¢

Sy
Sw 00z
Ju oz

W 000€
3¢g¢
305F
389¢

Sw $97

Surgrg
Sw 00¢

8021
3061
3061
308%
3 602
319
3¢21
308%

¢

Swg
3¢1
Siyp
3w 007
[wge

W 000¢
8w opg
309¢
Sy
Sw g

8w z¢y
Sw O0pg

8zez
3096
3021
3021
308%
8891
30v'¢
80001
3¥8¢

(4

Swr g¢
3¢
Sy
8w 00z
[ ¢z

[ 000¢
389y
309°¢
ot

Swiyz

Sw z¢y
Sw 0%z

3zez
3096
30z1
30z1
308'%
3891
30v'¢
30001
3p8'¢

o3esop 10d D) urnuep

98esop 1ad sopueyooesog001onig

93esop 13d (7 urwrerp
a8esop 1ad wndEH
a8eso(q

101 191em payjLIn g

pIo€ 21qI09sYy

[to a8ueIQ

[10 INUOD0D PIjBUOIIORL,]

@/NI mw 1) fq ey

08 31eqiosijod

(doynwy) unpoay

SMD %/ 2Ual0IedEIDg
(SL/5671 3so[nyey)

SOPIIBYOOBSOSI[00IINT,]

(%08) proE onoe|

O wensady
swelredsy

91BQI0S WINISSLIOJ
alerpAyiuad a1e108] WNd[R)
wng 1enn

wng ueaq 1SNo0

1ede 188y

"ON yoregpausuoduwon)
EICTA S



WO 00/54838 PCT/GB00/00986

- 26 -

The emulsions were filled into 200 ml amber glass
bottles with a screw cap and set aside for the stability
trial. The stability conditions were chosen to be 25°C
and 60% relative humidity as this would closely resemble

the actual storage conditions in a retail situation.

The 10 batches were analysed initially and after 2, 4
and 6 months with respect to the content of vitamin Ds,
emulsion droplet size and appearance. Two of the
formulations were analysed at 3 months instead of 2
months with respect to vitamin D;. Viscosity,
microbiological quality, pH, oxygen content and taste

were analysed initially and after s months.

Vitamin D; content analysis was carried out by a single
one-step extraction of the fat-soluble vitamins from a
product sample into hexane, followed by solid phase
exXtraction (SPE) to further purify and enrich the

vitamin D,.

Vitamin D, was then analysed on a reversed phase
Supelcosil HPLC column using a mobile phase containing

acetonitrile and methanol for the separation.

The results after 6 months as a whole showed that
vitamin D; is stable in the 10 batches, the measured
vitamin D, contents, expressed on percentages of the
theoretical vitamin D; content being no lower than 97.7%
for batches 1 to 8. (The initial vitamin D, content in
the premixes for batches 9 and 10 was not analysed). 1In
this study, previtamin D; (a common vitamin D,
degradation component) did not increase indicating that
no vitamin D, degradation had occured in this product.
(Previtamin D, was studied using HPLC) .

The statistical evaluation of the results of changing

the three formulation variables (emulsifying agent,
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vitamin C and oligofructose) indicated that none of
these affected the vitamin D, content. This indicates a
very robust formulation where major formulation changes
can be carried out without affecting the stability of
vitamin Ds. ‘

No evidence of precipitation was seen in any of the
samples after 6 months.

The effect of time on measured emulsion droplet size,

viscosity, pH and appearance is set out in Table 2
below:

Table 2

Batch | Droplet size* (um) after Viscosity (cp) pH Oxygen content

0, 2, 4 and 6 months (ppm)

0 2 4 6 Initial | 6 mths | Initial | 6 mths | Initial | 6 mths
1 55163 |35 26 444 328 4.55 4.51 3.2 0.52
2 5 4 |31 [22 648 400 4.70 4.61 4.1 5.50
3 5 |55 2 |22 820 560 4.55 4.45 6.3 3.54
4 35 |25 35119 396 256 4.60 4.47 2.4 0.84
5 35 {38 |18 {19 664 408 4.65 4.51 0.7 1.73
6 3.5 4 2 1.9 708 368 4.65 4.54 3.0 2.02
7 35125 1.7 19 1090 728 4.55 4.40 1.9 0.47
8 6 3.5 2.6 |22 1030 616 4.65 4.56 2.3 2.16
9 45 (75 {19 | 4.8 400 524 4.59 4.52 0.7 2.19
10 6.0 {55 |18 4.2 680 672 4.57 4.52 0.9 2.48

* The method of measuring the droplet size was changed
before the 4 month measurement point. The new method
included a more accurate and statistically better method
for calculating the mean droplet size involving
determining the mean for 10 to 25 droplets from a 40x

microscope picture.
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There was no evidence of creaming or phase separation in
any of the batches at the various time points during the

stability trial.

The viscosity decreased slightly for all the batches.
This was an expected result as the polymeric substances
in the gelling and thickener system contract and go into

an relaxed state with a resultant decrease in viscosity.

The pH for the formulations are all in the region of 4.4

to 4.6 and no significant changes over time were seen.

The amount of dissolved oxygen in the batches were
measured with a Moca 3600 oxygen sensor from Orbisphere
Laboratories. The mean values for the oXygen content
were 2.55 and 2.14 ppm respectively for the initial

analysis and after 6 months.
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Claims

1. A liquid emulsion composition having a continuous
agueous phase containing a viscosity modifier and a
dissolved physiologically tolerable calcium compound,
and a discontinuous triglyceride phase comprising
vitamin D and an edible triglyceride, said emulsion
composition further containing at least one emulsifying
agent selected from edible phospholipids and fatty acid
esters.

2. A composition as claimed in claim 1 wherein said

emulsifying agent is an edible phospholipid.

3. A composition as claimed in claim 2 containing a

lecithin as an emulsifying agent.

4. A composition as claimed in any one of claims 1 to
3 containing said emulsifying agent and said
triglyceride in a weight ratio of from 1:10 to 1:60.

5. A composition as claimed in any one of claims 1 to
4 containing said edible triglyceride and said vitamin D
in a ratio of from 50 to 400g triglyceride to 1,000,000
IU vitamin D.

6. A composition as claimed in any one of claims 1 to

containing a plant oil as said triglyceride.

A composition as claimed in any one of claims 1 to

containing up to 5% by weight of said triglyceride.

A composition as claimed in any one of claims 1 to
containing calcium lactate. '

A composition as claimed in any one of claims 1 to

containing said calcium compound and said vitamin D in
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a ratio of 1000 mg Ca to 200 to 1200 IU vitamin D.

10. A composition as claimed in any one of claims 1 to
9 containing 0.05 to 1% by weight of said gelling agent.

11. A composition as claimed in any one of claims 1 to

10 containing 0.05 to 3% by weight of said thickener.

12. A composition as claimed in any one of claims 1 to

11 containing a gelling agent and a thickener as said

viscosity modifer.

13. A composition as claimed in claim 12 to containing
agar agar and an edible gum as said gelling agent and
said thickener.

14. A composition as claimed in any one of the

preceding claims further containing a sSweetener.

15. A composition as claimed in claim 14 wherein said
sweetener is selected from sucrose, fructose,
oligosaccharides, inulin, aspartame, acesulfam and

mixtures thereof.

16. A composition as claimed in any one of the

preceding claims further containing vitamin C.

17. A composition as claimed in any one of the
preceding claims further containing a water-insoluble
physiclogically tolerable calcium compound .

18. A process for the preparation of a liquid emulsion
composition as claimed in any one of claims 1 to 17
according to the invention, said process comprising:

forming an aqueous composition comprising an
aqueous solution of a viscosity modifier;

forming a triglyceride composition comprising a
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solution of a vitamin D and at least one emulsifying
agent selected from edible phospholipids and fatty acid
esters;

mixing said triglyceride composition with at least
part of said aqueous composition whereby to form an oil-
in-water emulsion; and

if necessary mixing further components with said
emulsion whereby to form said liquid emulsion

composition.

19. An orally administratable calcium supplement

comprising a physiologically tolerable calcium compound

and a prebiotic.

20. A supplement as claimed in claim 19 further

containing vitamin D.

21. A method of treatment of a human or non-human
mammal subject to combat conditions associated with
calcium deficiency, said method comprising orally
administering said subject a composition or supplement
according to any one of claims 1 to 17, 19 and 20,
optionally following dilution thereof in a
physiologically tolerable aqueous liquid.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. Claims: 1-18, 21 (part.)

Emulsion with in aqueous phase viscosity modifier, dissolved
calcium compound and in discontinuous phase vitamin D and
triglyceride, further comprising an emulsifying agent.
Process for preparation of the emulsion.

2. Claims: 19, 20, 21 (part.)

Oral calcium supplement with prebiotic.
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