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Edible fat continuous spreads

Field of the invention

The invention relates to edible fat continuous spreads, in particular to edible fat

continuous spreads comprising plant sterol and process for making

Background prior art

Edible fat continuous spreads like e.g. margarine and low fat spreads are well known
food products that comprise a continuous fat phase and a dispersed aqueous phase.
The fat phase comprises liquid oil and structuring fat (also known as hard stock). The
liquid oil is liquid at room temperature. The structuring fat is solid at room temperature

and serves to structure the fat phase and helps to stabilize the emulsion.

The liquid oll fraction typically comprises liquid unmodified vegetable oil such as
soybean oll, sunflower oil, low erucic rapeseed oil (Canola), corn oll or blends of

vegetable olls.

For an edible fat continuous spread, ideally the structuring fat has such properties that
it melts or dissolves at mouth temperature. Otherwise the product may have a heavy
and/or waxy mouthfeel. Furthermore, the overall organoleptic impression should be

smooth and preferable no perceivable grains should be present upon ingestion as this

may result in what is generally known as a ‘sandy mouthfeel'.

Other important aspects of an edible fat continuous spread are for example hardness,
spreadability, storage stability and ability to withstand temperature cycling.
Temperature cycling means that the product is subjected to low and high
temperatures (e.g. when the consumer takes the product out of the refrigerator and
leaves it for some time at the table prior to use). This may have a negative influence
on the structure of the spread (like for example destabilization of the emulsion, oll-

exudation or crystal growth).
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Plant sterols are well known cholesterol lowering agents. The benefit of these
iIngredients to reduce the risk to cardiovascular diseases has been established for
many years. Where these active ingredients were initially available in the form of
capsules and other pharmaceutical preparations only, over the years they have also
become available in food products. The incorporation of these active ingredients in
food products that are consumed daily enables the easy and reliable intake of these

ingredients for many people.

Plant sterols as such are difficult to formulate into food products due to their poor
solubility in oil and immiscibility in water which may result in food products having poor
organoleptic properties, e.g. a sandy mouth feel. This made the choice of food
products suitable for incorporation of plant sterols very limited. To overcome this
drawback plant sterols have been modified to improve their solubility in the fat phase
of food products. The most common modification of plant sterols is to their
corresponding fatty acid esters. Commercial products such as Becel pro-activ ™ and

Benecol ™ comprise sterol fatty acid esters.

The esterification of plant sterol with fatty acids requires inter alia additional

processing steps and results in additional costs.

WO 03/043433 A1 describes prepared foods, such a fried snack foods, fortified with
non-esterified phytosterols delivered in fats or oils that are essentially free of
emulsifiers, and the utility of such phytosterols for stabilizing heated fats and oils
against oxidation. The phytosterols have been recrystallized in vegetable oil by
cooling by ambient air and results in macro-crystalline structures spanning tens or
hundreds of microns. It is stated that the material when tasted has a surprisingly soft

and agreeable mouth feel.

WO 2007/030570 relates to food compositions comprising a fat based composition
comprising 25 to 75 wt% of triglycerides and 25 to 75 wt% of triglyceride recrystallized

phytosterols. The food product may be a spread (claim 12). The phytosterols have
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been recrystallized in vegetable oil by cooling by ambient air and results in macro-

crystalline structures spanning tens or hundreds of microns.

WO 2008/125380 describes fat continuous spreads comprising plant sterol in the form
of elongated crystals produced by re-crystallisation from oil. However, the presence of
such relatively large crystals is believed to be less suitable because it creates a grainy
or sandy mouthfeel, especially upon storage. Furthermore, a slow crystallisation

process Is required reducing the efficiency of the production process.

EP 897 671 B1 discloses the use of phytosterols or other high melting lipids as
structuring agents that make it possible to avoid or minimize the use of saturated fat
and other traditional structure-imparting ingredients in food products. The invention
relates to an aqueous dispersion or emulsion comprising one or more high melting
lipids having a mean size of 15 microns or lower and a non-sterol emulsifier, the w/w

ratio of the emulsifier to high melting lipid in said aqueous phase being less than 1:2.

WO 00/41491 discloses that when plant sterols are combined with milk solids in a
suspension to obtain coated sterols, this suspension can be used as an agqueous

phase for the manufacture of emulsified fat spreads.

It Is an object of the present invention to provide an edible fat continuous spread
suitable for lowering cholesterol. It is also an object of the invention to provide an
edible fat continuous spread suitable for lowering cholesterol that is simple to make
and / or requires less process steps. It is a further object of the invention to provide an
edible fat continuous spread suitable for lowering cholesterol with an improved

structure and / or organoleptic properties.

Summary of the invention
It was found that one of more of the above mentioned objects Is attained by an edible
fat continuous spread comprising a combination of a first emulsifier, a second

emulsifier and plant sterols.
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Surprisingly it was found that the combination of a water soluble emulsifier, a fat
soluble emulsifier and plant sterol particles of a certain size allow for an edible fat

continuous spread with good organoleptic properties and an increased hardness.

Accordingly in a first aspect the invention relates to an edible fat continuous spread
being a water In oil emulsion comprising a water phase and a fat phase, wherein the
fat phase comprises liquid oil and a structuring fat, said spread comprising a first
emulsifier and a second emulsifier, 5 to 85 wt% fat and 0.1 to 20 wt% plant sterol
particles wherein the first emulsifier is a water soluble biopolymer based emulsifier
with a molecular weight of at least 500, the second emulsifier is an oil soluble
emulsifier and at least 70 vol% of the plant sterol particles is smaller than 10

micrometer.

The invention also relates to a process for the preparation of an edible fat continuous

spread.

In a further aspect the invention relates to an edible fat continuous spread obtainable

by such process.

Detailed description of the invention
W1t% is calculated on weight of total product unless otherwise specified. For the

purpose of the invention ambient temperature is defined as a temperature between 15
and 25 °C. The terms ‘oil' and ‘fat’ are used interchangeably unless specified
otherwise. The terms ‘plant sterol’ and ‘phytosterol’ are used interchangeably unless

specified otherwise.

Plant sterol particles
Plant sterols can be classified in three groups, 4-desmethylsterols,

4-monomethylsterols and 4,4'-dimethylsterols. In oils they mainly exist as free sterols
and sterol esters of fatty acids although sterol glucosides and acylated sterol
glucosides are also present. There are three major phytosterols namely

beta-sitosterol, stigmasterol and campesterol. Schematic drawings of the components
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meant are as given in "Influence of Processing on Sterols of Edible Vegetable Qils”,
S.P. Kochhar; Prog. Lipid Res. 22: pp. 161-188.
The respective 5 alpha- saturated derivatives such as sitostanol, campestanol and

ergostanol and their derivatives are also encompassed in the term plant sterol.

Preferably the plant sterol is selected from the group comprising (3-sitosterol, 3-
sitostanol, campesterol, campestanol, stigmasterol, brassicasterol, brassicastanol or a
mixture thereof. Suitable sources of plant sterols are for example derived from soy

bean oll, tall oil, rapeseed oil or combinations of these oils.

In the context of this invention the term plant sterol refers to the free plant sterol, i.e.

the non-esterified plant sterol, unless specified otherwise.

The plant sterols particles need to have a certain particle size distribution. In the
context of this invention the plant particle size distribution is expressed as volume %
(vol%) calculated on total volume of the plant particles below a set particle size in
micrometer. At least 70 vol% of the plant sterol particles is smaller than 10 micrometer
as this size distribution in combination with a water soluble emulsifier and an oill
soluble emulsifier will provide an edible fat continuous spread with an increased
hardness. Preferably at least 75 vol%, more preferably at least 80 vol%, even more
preferably at least 85 vol%, still more preferably at least 90 vol% and even still more

preferably at least 95 vol% of the plant sterol particles are smaller than 10 micrometer.

Suitable methods for reducing the particle size of plant sterols to obtain plant sterols
particles with a size distribution according to the invention are well known. These
methods can roughly be divided in two approaches: top down and bottom-up. In the
top-down approach large particles are broken down to smaller ones using mechanical
energy. Examples of such processes are melting and emulsification (e.g. as disclosed
in WO0228204), and melt spraying and milling (e.g. as disclosed in W09858554). In
the bottom-up approach molecules, monomers or ions are condensed into a liquid or
a solid phase using a physical or a chemical process. Examples of such processes
are anti—solvent precipitation (e.g. as disclosed in US 2006/0035871 A1) and Rapid
Expansion of a Supercritical Solution (RESS) as (disclosed in WO0021490). Powders
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can be obtained from the dispersions after drying using spray drying, freeze drying or

any other suitable drying method.

The edible fat continuous spread according to the invention comprises 0.1 to 20 wt%
plant sterol particles. It will be appreciated that the amount of plant sterol particles can
suitable be adjusted to fit e.g. the dietary needs of intended consumer of such a
spread. Preferably the amount of plant sterol particles is from 2 to 15 wt%, more

preferably from 4 to 10 wt% and even more preferably from 6 to 8 wt%.

Emulsifiers

Emulsifiers are well known food ingredients and can be divided in two classes, being
water soluble emulsifiers and oll soluble emulsifiers. We have found that the
combination of at least one water soluble emulsifier and at least one oll soluble
emulsifier together with plant sterol particles with a specific particle size distribution
allow for edible fat continuous spreads with good organoleptic properties and an

Increased hardness.

Walter soluble biopolymer based emulsifier
The water soluble emulsifier must be a biopolymer based emulsifier with a molecular

weight of at least 500 and preferably the water soluble emulsifier is selected from the
group consisting of proteins, glycoproteins, surface active polysaccharides and

combinations thereof.

Suitable proteins are plant derived proteins like for example soy protein and animal
derived proteins like for example gelatin and milk derived protein. Milk protein is also
known as dairy protein. The molecular weight of said proteins can be determined with
any of the generally known techniques for such purpose. Preferably the protein is
selected from the group consisting of plant derived protein, animal derived protein and

combinations thereof.

Preferably the water soluble emulsifier is a milk derived protein, and more preferably
the protein comprises whey protein or casein protein, as for example can be found In

full milk powder, skimmed milk powder, butter milk powder and sweet whey powder.
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Standard milk powder comprises about 35 wt% of milk protein. This means that to
include for example 0.5 wt% water soluble emulsifier in a spread about 1.4 wt% milk
powder has to be added, of course depending on the actual amount of protein

present in the milk powder used.

It Is possible to use combinations of more than one water soluble emulsifier like for
example protein comprising emulsifiers and/or specific milk proteins. This may be
desired e.g. to get an optimal flavour and/or nutritional profile. Therefore, the water
soluble emulsifier is preferably selected from the group consisting of full milk powder,
skim milk powder, butter milk powder, sweet whey powder, whey protein, casein

protein and combinations thereof.

Preferably the amount of water soluble emulsifier according to the invention is from
0.01 to 5 wt%, more preferably from 0.1 to 2 wt% and even more preferably from 0.1
to 0.5 wt%.

Preferably the weight ratio of water soluble emulsifier to plant sterol particles is from
10:1 to 1:80, more preferably 8:1 to 1:40, even more preferably 6:1 to 1:20, still more
preferably 4:1 to 1:15 and even still more preferably 2:1 to 1:10.

Oil soluble emulsifier

Suitable oil soluble emulsifiers are oil soluble emulsifiers as used in the production of
edible fat continuous spreads. Preferably the oil soluble emulsifier is selected from the
group consisting of monoglycerides, diglycerides, lecithin, sorbitan esters, sucrose
esters of fatty acids, poly glycerol esters, poly glycerol poly ricinoleate (PGPR) and

combinations thereof.

Qil soluble emulsifiers are commonly used in the preparation of fat continuous
spreads as they stabilize the desired water in oil emulsion. Likewise, water soluble
emulsifiers are used in the preparation of oil in water emulsion, like for example
dressings, as these emulsifiers stabilize oll in water emulsions. The Hydrophilic-
Lipophilic Balance (HLB) of an emulsifier is a measure of the degree to which it is

hydrophilic or lipophilic. An emulsifier having an HLB value of 1 to 8 is usually
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classified as being a water in oil promoting emulsifier (i.e. oil soluble emulsifier).
Emulsifiers with an HLB of more than 8 are oll in water promoting (i.e. water soluble

emulsifier).

Preferably the oil soluble emulsifier is a monoglyceride, diglyceride or combination

thereof.

Preferably the amount of oil soluble emulsifier is from 0.01 to 5 wt%, more preferably

from 0.1 to 2 wt% and even more preferably from 0.1 to 0.5 wt%.

Fat phase
Edible fat continuous spreads according to the invention are water in oil emulsions

that comprise a water phase and a fat phase. Said spread comprises 5 to 85wt% fat.
Preferably the amount of fat is from 10 to 80 wt%, more preferably from 15 to 60 wt%

and even more preferably from 20 to 50 wt%.

The fat phase comprises liquid oil and structuring fat (i.e. hardstock). The structuring
fat structures the fat phase and helps to stabilise the emulsion. The crystallization and
melting properties of the structuring fat are important as they influence the stability of
the emulsion, e.g. syneresis and plasticity, as well as the organoleptic properties, e.q.

oral melting behaviour and flavour release.

It will be appreciated that the amount of structuring fat necessary for imparting
structure to an emulsion depends on the total amount of fat phase, the kind of liquid
fat, the structuring fat used and the desired structure. For a stable spread a certain
amount of structuring fat is necessary. If the amount of structuring fat is too low, a
stable emulsion may not be obtained and the resulting emulsion may not comprise the

typical plasticity of a spread.

Preferably the amount of structuring fat is from 1 to 20 wt%, more preferably from 2 to
15 wt%, even more preferably from 4 to 12 wt%, still more preferably from 6 to 8 wt%

and even still more preferably from 3 to 5 wt%.
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The fat may be a single fat or a mixture of different fats. The fat may be of vegetable,
animal or marine origin. Preferably at least 50 wt% of the fat (based on total amount
of fat) is of vegetable origin, more preferably at least 60 wt%, even more preferably at
least 70 wt%, still more preferably at least 80 wt%, even still more preferably at least
90 wt% and even still more further preferably at least 95 wt%. Most preferably the fat

essentially consists of fat of vegetable origin.

The fat phase may comprise any suitable oll or fat. Preferred oils and fats are those
known for the production of margarine and margarine derivatives such as low fat
spreads. The oil and fat are for example selected from the group comprising
sunflower oll, rapeseed oil, palm oil, coconut oil, soy bean oll, palm kernel oil, butter
fat or a combination thereof. Preferably the liquid oll is selected from the group
consisting of sunflower oil, rapeseed oil, soybean oil, linseed oil, maize oil and
combinations thereof. Preferably the structuring fat is selected from the group

consisting of palm oil, palm kernel oil, coconut oil and combinations thereof.

Process
In another aspect the invention relates to a process for the preparation of an edible fat
continuous spread according to the invention, said process comprising the preparation
of an aqueous dispersion comprising plant sterol particles and at least part of the

water soluble emulsifier; and the addition of said dispersion to a fat phase or a water

In oIl emulsion.

It was found that the combination of at least part of a water soluble emulsifier
according to the invention and plant sterol particles is required and that this
combination of ingredients must be added as an aqueous dispersion. Failure to do so

may result in an unstable fat continuous emulsion or no fat continuous emulsion at all.

The aqueous dispersion can be prepared using well established methods as
commonly used when preparing fat and water containing emulsions like for example
edible fat continuous emulsions. For example a powder comprising plant sterol
particles and water soluble emulsifier can simply be added to water under stirring. It is

also possible to e.g. add the plant sterol particles and water soluble emulsifier as
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separate ingredients to water followed by stirring. If required the resulting dispersion
may be processed by a microfluidizer to obtain the particle size distribution for the

plant sterol particles according to the invention.

The edible fat continuous spread may be prepared according to any method known to
the person skilled in the art of making fat continuous spreads comprising the mixing of
an aqueous dispersion comprising plant sterol particles and water soluble emulsifier
with a fat phase or a water in oll emulsion. The aqueous dispersion may first be added
to a second water phase comprising further ingredients and the resulting water phase
may then be combined with a fat phase of a water in oil emulsion to obtain the edible

fat continuous spread.

For example, a fat continuous spread may be prepared by providing a water phase
comprising water and e.g. salt and preservatives, providing a fat phase comprising
liquid oil and structuring fat, mixing of the water phase and the fat phase at elevated
temperatures at which the fat is fully liquid, subjecting the resulting emulsion to one or
more cooling and or working treatments to induce crystallization of the structuring fat
to create an emulsion, and mixing the treated emulsion with an aqueous dispersion

comprising plant sterol particles and water soluble emulsifier.

One or more of the steps of a typical process for making an emulsion is usually
conducted in a process that involves apparatus that allow heating, cooling and
mechanical working of the ingredients, such as the churn process or the votator
process. The churn process and the votator process are described in Ullmanns
Encyclopedia, Fifth Edition, Volume A 16 pages 156-158.

Recently new methods to prepare fat continuous emulsions have been developed that
use fat powder comprising at least part of the structuring fat wherein the fat powder is
pre-crystallised before it is used to make the emulsion. This eliminates the need to

heat and subsequently cool the water phase and fat phase.

Recently new methods to prepare fat continuous emulsions have been developed that

use fat powder comprising structuring fat and do not require the need to form the
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crystal network to make the spread by heating and cooling the whole composition.
Such processes have been described previously in for example EP 1865786 A. Said
process Is characterized in that (part of) the structuring fat is pre-crystallized and does
not form from the fat phase (comprising the structuring fat and liquid oil) optionally
including the aqueous phase as is the case in conventional ways of preparing a
spread using the votator process. One of the main advantages of this process is that it

requires less energy to make.

Therefore, preferably the process comprises the step of using fat powder comprising

a structuring fat.

Typically such a process comprises the steps of:

a. mixing fat powder and liquid oil wherein the fat powder comprises structuring fat
to provide a slurry;

b. providing a water phase;

c. mixing the slurry and water phase to form a water in oil emulsion.

The aqueous dispersion comprising the plant sterol particles and water soluble
emulsifier may be added to the water in oil emulsion of step (c) or it may be part of the

water phase of step (b).

The fat powder comprises structuring fat and preferably comprises at least 70 wt% of
structuring fat, more preferably at least 80 wt%, even more preferably at least 85 wt%
, still more preferably at least 90 wt% and even still more preferably at least 95 wt%
like for example at least 98 wt%. Most preferably the fat powder essentially consists of

structuring fat.

Suitable methods to prepare the fat powder include for example Super Critical Melt
Micronisation (ScMM), also known as particles from gas saturated solutions (PGSS).
This iIs a commonly known method and is for example described in J. of Supercritical
Fluids 43 (2007) 181-190 and EP1651338.
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The process according to the invention is especially beneficial for use with fat
powders that have been prepared using a ScMM process. Preferably the fat powder In
the process according to the invention is a fat powder obtainable by supercritical melt

micronisation.

It Is Iimportant that the fat powder is not subjected to conditions (e.g. combination of
temperature and duration of exposure to that temperature) at which the structuring fat
melts as this severely reduces the ability to structure. This temperature depends on
the structuring fat as used and can routinely be determined for example based on the
solid fat content profile (i.e. N-lines) of the structuring fat. Preferably the fat powder,
after production, has not been subjected to temperatures above 25 degrees Celsius,

more preferably 15, even more preferably 10 and most preferably 5.

The use of an aqueous dispersion comprising plant sterol particles and a water
soluble emulsifier in the process according to the present invention provides edible fat
continuous spreads with novel product features that were not available before. As
such in a further aspect the present invention relates to products obtainable by the

process of the present invention.

The invention is now illustrated by the following non limiting examples.

Examples

Particle size analysis
Particle size measurements of the aqueous dispersions were performed at 20

degrees Celsius using a static light scattering particle size analyzer (Mastersizer 2000,
Malvern Instruments Ltd.).

The aqueous plant sterol dispersion was mixed well, four drops of the dispersion was
added to two milliliters of water and mixed well. Subsequently a few drops of the
obtained dilution were added to the approximately 130 ml of the measurement cell
(Hydro 2000S) of the Mastersizer 2000 until the obscuration was within range. Next

the measurement was started. No ultrasound was used before or during the
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measurement. For calculations the refractive index of sunflower oil (1.4694) and

Mastersizer 2000 software version 5.54 was used.

Particle sizes distributions are expressed as volume % below a set particle size in

micrometers.

Stevens value

Stevens values give an indication about the hardness (also called firmness) of a

product. The Stevens value is determined according to the following protocol.

The product is stored for 24h at 15 degrees Celsius before measurements are done.
The hardness of the product is measured with a Stevens penetrometer (Brookfield
LFRA Texture Analyser (LFRA 1500), ex Brookfield Engineering Labs, UK) equipped
with a stainless steel probe with a diameter of 6.35 mm and operated in "normal”
mode. The probe is pushed into the product at a speed of 2 mm/s, a trigger force of 5

gram from a distance of 10 mm. The force required is read from the digital display and

IS expressed In grams.

Emulsion stability

The emulsion stability was assessed by visual inspection of oil exudation, water

exudation and growth of water droplet size measured as raise in value of D3.3 and

EAsigma after 1 week storage.

Spreads
Spreads with a composition according to Tables 1 and 2 were made using the

process as described below.
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Table 1, Spread composition (parts, w/w)

PCT/EP2011/056161

AQUEOUS PHASE Example 1 and Comparative example D
comparative examples A - and E
C
Tap water 27.47 31.3
Waxy maize starch 2 -
Taploca starch - 2.5
Salt (NaCl) 1 0.2
Plant sterol dispersion 34.1 30
Potassium sorbate 0.13 0.1
Sunflower ol 1 -
Dimodan R-T/B 0.15 -
Dimodan HP 0.15 -
Sweet whey powder - 0.4
TOTAL 66 64.5
FAT PHASE
Sunflower ol 29.55 29.5
Fat powder 4.3 -
Hard stock - 5.3
Dimodan HP - 0.2
Lecithin - 0.15
Poly glycerol poly ricinoleate - 0.1
Colorant 0.15 0.15
Flavor Trace 0.1
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TOTAL 34 39.5

Dimodan® HP: molecularly distilled mono/diacylglyceride mixture derived from fully
hardened palm oil (90% monoglyceride) ex Danisco DK.

Dimodan ® R-T/B: molecularly distilled mono/diacylglyceride mixture derived from
hardened Rapeseed oil (90% monoglyceride) ex Danisco, DK.

Fat powder is a fat powder that was obtained using a supercritical melt micronisation
process similar to the process described in ‘Particle formation of ductile materials
using the PGSS technology with supercritical carbon dioxide', P.Munuklu,
Ph.D.Thesis, Delft University of Technology, 16-12-2005, Chapter 4, pp. 41-51; using
an interesterified mixture of 65% dry fractionated palm oil stearin with an lodine Value
of 14 and 35% palm kernel oil.

Hard stock used was an interesterified mixture of 65% dry fractionated palm olil stearin

with an lodine Value of 14 and 35% palm kernel oil.

Table 2, Plant sterol dispersion composition (parts, w/w)

Example 1, Comparative Comparative | Comparative
Comparative example C example D example E
example A and B
Plant sterol 22 22 25 25
Emulsifier 1.86 2.44 2.78 1.39
skim milk powder sodium stearoyl | Polysorbate Polysorbate
lactylate 00 00
Tap water To balance To balance To balance To balance
TOTAL 100 100 100 100

Preparation of agueous dispersion comprising plant sterol particles
29.8 kg of Vegapure F90 ME (ex Cognis; containing 91.3% plant sterol and 7.7%

skimmed milk powder (SMP)) was added to 85.2 kg of demineralised water at room
temperature. The mixture was stirred in a pre-mix vessel using a blade stirrer. This

resulted in a dispersion having a size distribution of 1 vol% < 10 micrometer and 85
vol% < 220 micrometer. A part of this dispersion was taken apart and stored at 5

degrees Celsius and used for comparative example A.
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The remaining part of the dispersion was processed by a microfluidizer (Microfluidics®
M7125-20), equipped with only the auxiliary cell Te0Z at 950 bar. This resulted in a
dispersion having a particle size distribution of 57 vol% < 10 micrometer and 85 vol%
< 70 micrometer. A part of this dispersion was taken apart and stored at 5 degrees

Celsius and used for comparative example B.

The remaining part of the dispersion was additionally processed by the microfluidizer,
but now equipped with auxiliary cell T60Z and down stream the interaction cell H10Z-8
and at a pressure of 1400 bar. After the interaction cell the dispersion was cooled to
approximately 10 degrees Celsius using a heat exchanger. This was followed by 4
additional cycles at 1400 bar using both the auxiliary cell and the interaction cell to
obtain sufficient particle size reduction. This resulted in a dispersion having a particle
size distribution of 85 vol% < 10 micrometer. The dispersion was stored at 5 degrees

Celsius and used for example 1.

For comparative example C an aqueous dispersion of 22.44 wt% plant sterol and

sodium stearoyl lactylate (SLL) was used wherein the weight ratio of plant sterol to
SLL was 9 to 1.

Dispersions were made by heating the plant sterol at 150 degrees Celsius in an oven
until completely molten. Next polysorbate 60 was added and stirred with a spatula.
The obtained liquid plant sterol-polysorbate mixture was slowly poured into hot water
of about 95 degrees Celsius under stirring with an Ultra-turrax high speed mixer. After
addition of the plant sterol-polysorbate liquid the mixture was allowed to cool down to
room temperature under stirring of the Ultra-turrax. The obtained dispersion was
homogenised (Niro Soavi, NS2002H) at 250 bar and a second cycle at 500 bar.
Subsequently the thus obtained dispersion was cycled 10 times over the microfluidizer
(M-110S, Microfluidics) at 1200 bar, using a Z-configuration type interaction chamber
(G10Z4). The final dispersions had a particle size distribution of 95 vol% < 10

micrometer. These dispersions were used for comparative examples D and E.
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Table 3, Particle size distribution (vol%)

Example 1

85 vol% < 10 micrometer

Comparative example A

1 vol% < 10 micrometer and 85 vol% < 220 micrometer

Comparative example B

57 vol% < 10 micrometer and 85 vol% smaller than 70

micrometer

Comparative example C

Not determined

Comparative example D

95 vol% < 10 micrometer

Comparative example E

95 vol% < 10 micrometer

Example 1 and Comparative examples A to C

Preparation of fat phase

The fat powder was added to the liquid oil while stirring. The oil temperature was

about 15 degrees Celsius. Vacuum was applied to remove all dissolved air from the

resulting slurry. Subsequently colour and flavour were added to the slurry.

Preparation of the agqueous phase

The oll soluble emulsifiers were added to the sunflower oil while heating to dissolve

the emulsifiers (as listed under aqueous phase in Table 1).The mix of sunflower and

oll soluble emulsifier, together with starch, salt and potassium polysorbate, were

added to the water under elevated temperature while stirring. After the resulting

mixture cooled down to about 15 to 20 degrees Celsius the aqueous dispersion

comprising the plant sterol particles as described above was added.
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Preparation of emulsion

Both the fat phase and the aqueous phase were pumped to a mixing unit (pin-stirrer).
The residence time in the pin-stirrer unit was between 10 and 110 seconds. The
products so obtained at the exit of the pin-stirrer unit were stored at 5 degrees

Celsius.

Comparative examples D and E
Fat phase ingredients were stirred at 60 degrees Celsius in a premix tank. Aqueous

phase ingredients were separately stirred at 60 degrees Celsius in a second premix
tank. Both the fat phase and the aqueous phase were pumped into a standard votator
line (AAC configuration). The products so obtained at the exit of the votator line were

stored at 5 degrees Celsius.

Table 4, product properties

Emulsion stability Stevens value
Example 1 + 140
Comparative example A + 92
Comparative example B + 39
Comparative example C No fat continuous emulsion #

obtained, product was water

continuous

Comparative example D No fat continuous emulsion #
obtained. No differentiated water

droplets in a continuous fat phase
but a mixture of water rich areas

in fat phase.

Comparative example E No fat continuous emulsion #
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obtained. No differentiated water
droplets in a continuous fat phase
but a mixture of water rich areas

in fat phase.

# Not determined as no fat continuous product was obtained.
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Claims

1. An edible fat continuous spread being a water in oil emulsion comprising a water
ohase and a fat phase, wherein the fat phase comprises liquid oil and a structuring fat,
said spread comprising a first emulsifier and a second emulsifier, 5 to 85 wt% fat and
0.1 to 20 wt% plant sterol particles wherein the first emulsifier is a water soluble
biopolymer based emulsifier with a molecular weight of at least 500, the second
emulsifier is an oil soluble emulisifier and at least 70 vol% of the plant sterol particles are

smaller than 10 micrometer.

2. The spread according to claim 1, wherein the water soluble emulsifier is selected
from the group consisting of proteins, glycoproteins, surface active polysaccharides ana

combinations thereof.

3. The spread according to claim 1, wherein the water soluble emulsifier is selected
from the group consisting of full milk powder, skim milk powder, butter milk powder,

sweet whey powder, whey protein, casein protein and combinations thereor.

4. The spread according to any one of claims 1 to 3, wherein the oll soluble

emulsifier is selected from the group consisting of monoglycerides, diglycerides, lecithin,
sorbitan esters,' sucrose esters of fatty acids, poly glycerol esters, poly glycerol poly

ricinoleate (PGPR) and combinations thereof.

5. The spread according to any one of claims 1 to 4, wherein at least 75 vol% of the

plant sterol particles are smaller than 10 micrometer.

6. The spread according to claim 5, wherein at least 80 vol% of the plant sterol

particles are smaller than 10 micrometer.

CA 27992117 2017-09-25
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7. The spread according to claim 6, wherein at least 85 vol% of the plant sterol

particles are smaller than 10 micrometer.

8. The spread according to claim 7, wherein at least 90 vol% of the plant sterol

particles are smaller than 10 micrometer.

9. The spread according to claim 8, wherein at least 95 vol% of the plant sterol

particles are smaller than 10 micrometer.

10.  The spread according to any one of claims 1 to 9, wherein the amount of fat is
from 10 to 80 wt%.

11.  The spread according to claim 10, wherein the amount of fat is from 15 to 60
wt%.

12.  The spread according to claim 11, wherein the amount of fat is from 20 to 50

wt%.

13.  The spread according to any one of claim 1 to 12, wherein the amount of

structuring fat is from 1 to 20 wt%.

14.  The spread according to claim 13, wherein the amount of structuring fat is from 2

to 15 wt%.

15.  The spread according to claim 14, wherein the amount of structuring fat is from 4

to 12 wt%.

16.  The spread according to claim 15, wherein the amount of structuring fat is from 6
to 8 wt%.

CA 27992117 2017-09-25
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17.  The spread according to claim 16, wherein the amount of structuring fat is from 3
to 5 wt%.

18.  The spread according to any one of claims 1 to 17, wherein the amount of plant

sterol particles is from 2 to 15 wt%.

19.  The spread according to claim 18, wherein the amount of plant sterol particles Is
from 4 to 10 wt%.

20. The spread according to claim 19, wherein the amount of plant sterol particles is
from 6 to 8 wt%.

21.  The spread according to any one of claims 1 to 20, wherein the amount of water

soluble emulsifier is from 0.01 to 5 wt%.

22.  The spread according to claim 21, wherein the amount of water soluble emuisifier

is from 0.1 to 2 wt%.

23.  The spread according to claim 22, wherein the amount of water soluble emulsifier

is from 0.1 to 0.5 wt%.

24 The spread according to any one of claims 1 to 23, wherein the amount of oil

soluble emulsifier is from 0.01 to 5 wt%.

25.  The spread according to claim 24, wherein the amount of oil soluble emulsifier Is

from 0.1 to 2 wt%.

26.  The spread according to claim 25, wherein the amount of oil soluble emulsifier is
from 0.1 to 0.5 wt%.

CA 27992117 2017-09-25
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27. The spread according to any one of claims 1 to 26, wherein the weight ratio of

water soluble emulsifier to plant sterol particies is from 10:1 to 1:80.

28. The spread according to claim 27, wherein the weight ratio of water soluble

emulsifier to plant sterol particles is from 8:1 to 1:40.

29.  The spread according to claim 28, wherein the weight ratio of water soluble

emulsifier to plant sterol particles is from 6:1 to 1:20.

30. The spread according to claim 29, wherein the weight ratio of water soluble

emulsifier to plant sterol particles is from 4:1 to 1:195.

31.  The spread according to claim 30, wherein the weight ratio of water soluble

emulsifier to plant sterol particles is from 2:1 to 1:10.

32. A process for the preparation of an edible fat continuous spread according to any
one of claims 1 to 31, said process comprising the preparation of an aqueous dispersion
comprising plant sterol particles and at least part of the water soluble emulsifier; and the

addition of said dispersion to a fat phase or a water in oil emulsion.

33. The process according to claim 32, comprising the step of using fat powder

comprising a structuring fat.

34. The process according to claim 33, wherein the fat powder is a fat powder

obtained by supercritical melt micronisation.

35. The spread according to any one of claims 1 to 31, obtained by the process

according to any one of claims 32 to 34.

CA 27992117 2017-09-25
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