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DESCRIPTION

[0001] This disclosure relates to an improved instant coffee composition. In particular, an instant espresso coffee that gives rise
to a more authentic beverage product than conventional instant coffees. The disclosure also relates to a method of
manufacturing the coffee composition.

[0002] It is well known that authentic espresso coffee produced by rapidly brewing ground roasted coffee beans with pressurised
water/steam has a characteristic taste and appearance. Espresso coffee is not easily made and requires relatively complicated
and expensive equipment, which in turn requires a degree of skill to operate. There has been interest in producing an instant
coffee which more closely emulates the characteristics of authentic espresso coffee without the difficulties associated with making
authentic espresso coffee.

[0003] One known method is to manufacture instant espresso products comprising soluble coffee particles containing gas for
producing beverage foam. US2006/0040038 describes a technique for producing a foam from an instant beverage composition.
The technique involves heating the coffee under pressure to force gas into internal pores in the coffee. Although such products
offer great convenience, they do not provide the consumer with the same beverage and foam quality typically obtained by
brewing espresso coffee.

[0004] Another way to more closely emulate the taste of an authentic espresso coffee is disclosed in US3261689 which
describes a soluble coffee product having a small fraction of ground roasted coffee mixed into the soluble coffee before spray
drying. The inclusion of the ground roasted coffee is found to improve the aroma and flavour. US3652292 describes a similar
technique.

[0005] WO2010/116138 discloses a method of forming an agglomerated foaming coffee composition.

[0006] Accordingly, it is desirous to provide an improved instant coffee composition and/or tackle at least some of the problems
associated with the prior art or, at least, to provide a commercially useful alternative thereto.

[0007] Accordingly, in a first aspect the present disclosure provides an instant coffee composition comprising soluble coffee
particles having internal pores, wherein at least some of the internal pores contain a pressurised gas, and wherein the soluble
coffee particles are provided with added finely-ground insoluble coffee material on an outer surface thereof, wherein the finely-
ground insoluble coffee material has a mean particle size of from 0.1 to 100 micrometers.

[0008] The present invention will now be further described. In the following passages different aspects of the invention are
defined in more detail. Each aspect so defined may be combined with any other aspect or aspects unless clearly indicated to the
contrary. In particular, any feature indicated as being preferred or advantageous may be combined with any other feature of
features indicated as being preferred or advantageous.

[0009] By pressurised gas it is meant that the gas is at the pressure greater than atmospheric pressure (101.325kPa).

[0010] The term "instant" as used herein with reference to coffee compositions takes its usual meaning in the art and in product
marketing. That is, an instant coffee composition is one from which a coffee beverage may be formed on addition of a warm
beverage medium, for example, water at from 30 to 100°C and preferably from 80 to 90°C. The beverage is thus formed
"instantly" by dissolving the coffee composition into the beverage medium. The addition of further ingredients, such as milk, sugar
or other flavourings at the same time, before or after adding the beverage medium does not prevent the composition being
considered "instant". Instant coffee products are well known and include, by the way of example, "MAXWELL HOUSE® instant
coffee granules". The instant coffee may optionally be decaffeinated.

[0011] The term "soluble" as used herein indicates that the component dissolves completely or substantially completely in a
beverage medium. Depending on the beverage selected, the temperature of the beverage medium required will determine
whether a component is considered to be soluble and this can be easily determined by experimentation. In principle, if a
component completely or substantially completely dissolves in a beverage while it is still at a desirable drinking temperature, then
it is a soluble component.

[0012] The pressure at which solubility is considered is the pressure at which the beverage is prepared. This will usually be at
atmospheric pressure, although some beverage preparation machines will use pressures up to or exceeding 15,000 kPa, more
commonly around 3000kpa.
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[0013] Conversely, the term "insoluble" refers to components which do not dissolve (or do not substantially dissolve) and remain
discrete from the beverage medium. Insoluble components include, for example, oil droplets and finely-ground plant matter (such
as roast and ground coffee particles) suspended in the beverage or in the foam. Finely-ground plant matter, especially roast and
ground coffee particles, are preferably the only insoluble components employed.

[0014] Preferably, for example, a beverage, such as coffee, tea or hot chocolate, soluble material dissolves completely or
substantially completely in the beverage medium within 5 minutes of addition, preferably within 1 minute, more preferably with 10
seconds and most preferably almost instantly. In the same beverage an insoluble component would preferably not substantially
dissolve (or dissolve at all) within 5 minutes, more preferably within 20 minutes and most preferably ever.

[0015] It should be recognised that an insoluble or soluble material may contain impurities of small amounts of ingredients that
do not share the solubility properties of the bulk material. For example, roast and ground coffee particles are considered insoluble
at coffee brewing temperatures. The extraction of the coffee from the particles is not dissolution of the roast and ground coffee
particles. Accordingly, the solubility of a component is determined by its bulk properties, i.e. 90% by weight, more preferably 95%
by weight and most preferably 99% or higher.

[0016] The "foaming coffee"” of the present disclosure refers to coffees that mimic the foam produced when a water extract of
ground roasted coffee is poured into a cup, particularly when an authentic espresso coffee brewed with water is directed into a
cup.

[0017] By "an outer surface” it is meant that the finely-ground insoluble coffee material is present on at least a portion of the
surface of the coffee particles that is in contact with the atmosphere. Preferably the material is present only on this surface of the
coffee particles and not within the body of the particles. In another less preferred embodiment, the finely-ground insoluble coffee
material may also be present within the body of the coffee particles (i.e. buried wholly within the coffee particles).

[0018] The finely-ground insoluble coffee material is preferably at least partly fused into the outer surface of the soluble coffee
particles. That is, the material is held onto the surface, preferably by being sunk slightly into the surface. This can be achieved,
for example, by compression or more preferably by heating the particles to or above their glass transition temperature before or
after contacting the particles with the insoluble coffee material.

[0019] Alternatively, in a less preferred embodiment, the insoluble material may be attached (or fused) to the surface by using a
binder. Such a binder would most likely be a liquid binder such as a sugar solution. Preferably the insoluble material is fused to
the coffee particles without the use of a binder, in particular a liquid binder since this avoids a complex processing step.

[0020] The foam of an authentic espresso coffee beverage contains colloidal oil droplets and solid substantially insoluble
particles which give the espresso coffee its characteristic appearance, texture, and mouthfeel. The foam makes a considerable
contribution to the overall appeal of the coffee beverage. The inventors have discovered that the provision of the ground
insoluble coffee material on the surface of the instant foaming coffee provides the colloidal particles and/or oil droplets within the
beverage foam and/or liquid. This results in an improved and more convincing final beverage. The inventors have also
discovered that by coating a foaming instant coffee composition with finely-ground insoluble coffee material it is possible to have a
significant amount of this insoluble material entrained into the foam. This produces a highly appealing final foam consistency and
taste that was heretofore lacking in instant coffee products.

[0021] The finely-ground coffee material added to the instant coffee particles may be any suitable coffee product, precursor,
component, or by-product of the roast coffee or soluble coffee process, for example, finely-ground dried exhausted roast and
ground coffee by-products from soluble coffee extraction, or pressed roast coffee beans which are finely-ground and optionally
dried. Any finely-ground component of native or processed coffee plant, fruit, or seed could be used in the practice of the
disclosure. The finely-ground insoluble coffee material is preferably roasted, partially roasted, un-roasted or even an already-
extracted waste coffee material. Preferably the finely-ground insoluble coffee material is derived from roast and ground coffee
beans which have optionally already been extracted. The use of pre-extracted coffee beans is a very efficient use of an otherwise
unwanted waste product.

[0022] The term "finely-ground” refers to the insoluble coffee material being ground to a size that is fine in comparison to the
soluble coffee particles. Preferably the insoluble coffee material is ground to a mean size having a longest diameter of less than

20%, more preferably less than 10%, of the mean longest diameter of the soluble coffee particles.

[0023] The finely-ground insoluble coffee material has an average (mean) particle size (longest diameter) of from 0.1 to 100
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micrometers, preferably from 5 to 50 micrometers and most preferably from 10 to 25 micrometers. While it is noted that the mean
size preferably falls within these ranges, preferably the median and mode (most prevalent) size also falls within the claimed
ranges. The fine particle size allows for easy dispersal of the finely-ground insoluble material throughout the beverage and, in
particular, it allows for entrainment of the material into the beverage foam. In addition, the finer insoluble coffee particles more
closely emulate the particles commonly found in the authentic espresso foams.

[0024] An example of a suitable diffraction spectrometer for measuring mean particle size is the Sympatec Helos/LA laser
diffraction spectrometer at room temperature (20°C) and pressure (1 atmosphere). The output data from this spectrometer is
provided as a table of size distribution (number vs. size), from which the number-averaged particle size may be calculated.

[0025] As noted above, soluble coffees are dried extracts of coffee beans that, when contacted with hot water (for example,
water at a temperature of about 60°C to about 100°C, for example about 80°C) dissolves to form a coffee beverage.

[0026] Soluble coffee produced by methods known in the art typically comprises particles with a porous structure. That is, the
coffee has internal holes or cavities capable of containing a trapped gas. If the pores are on or connected to the surface of the
particle they are considered to be open. If the pores are within the interior of the particle and are not connected to the surface of
the particle then they are considered to be closed pores. These closed pores are referred to herein as internal pores.

[0027] The preferred average (mean) particle size for the soluble coffee powder is from about 100 to about 300 microns. This
can be measured by laser diffraction as described herein.

[0028] The preferred mean internal (closed) pore diameter is from about 0.5 to about 100 microns, more preferably from about 2
to 80 microns. Most preferably the mean diameter is from about 3 to 15 microns, and most preferably from 4 to 10 microns. Pore
size can be estimated by visual inspection of SEM images, or measured quantitatively using x-ray tomography.

[0029] The coffee composition is formed by the addition of the finely-ground coffee material to coat instant coffee particles. The
ground coffee material can be added before the heated pressurisation treatment that loads the particles with pressurised gas.
Alternatively, the finely-ground material can be added after the heated pressurisation treatment, although this may require a step
of breaking up the coffee which may have over-agglomerated under the treatment conditions in the absence of the finely-ground
coffee material.

[0030] In a second aspect the present disclosure provides a method of forming the instant coffee composition as described
above, the method comprising:

1. i) providing a soluble coffee particle having an outer surface;

2. i) at least partially coating the outer surface of the soluble coffee particle with a finely-ground insoluble coffee material to
form a coated particle, wherein the finely-ground insoluble coffee material has a mean particle size of from 0.1 to 100
micrometers; and

3. iii) warming the coated particle and subjecting it to a pressurised gas so that at least some of the gas is trapped in internal
pores of the particle.

[0031] As described in US2006/0040038, the entrapment of pressurised gas within the soluble coffee particles may be achieved
by heating the dried soluble coffee particles under sufficient temperature and gas pressure thereby forcing gas into internal pores
of the dried soluble coffee particles. The heated dried coffee particles can then be cooled and de-pressurised, resulting in a
soluble coffee having internal pores filled with pressurised gas. This process results in a soluble coffee product which releases
pressurised gas upon reconstitution with hot water. The release of gas from the soluble coffee particles generates a foam layer
on the beverage surface which resembles the foam layer on the aforementioned espresso coffee beverage.

[0032] The present inventors have discovered, however, that when the process described in US2006/0040038 is applied on a
large scale, the extent of the heating required for pressurised gas entrapment typically leads to undesirable particle
agglomeration. The inventors have discovered that if the coffee is heated to a temperature above the glass transition
temperature (Tg) of the coffee a greater quantity of pressurised gas can be stably trapped. However, when soluble coffee is
heated to a temperature above the Tg, the surfaces of the coffee particles become sticky to the touch and holding at T>Tg for a
prolonged period of time causes individual particles to agglomerate together into clusters or aggregates comprised of two or more
attached discrete particles. When this process is implemented on a larger scale, as is required to produce commercially-viable
quantities of the product, this undesirable particle agglomeration becomes more significant due to the higher gravitational or
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compressive forces on the particles resulting from a deeper bed, and the typically longer processing times needed to effectively
transfer heat energy through the larger volume of coffee particles.

[0033] Agglomeration can, under some conditions, cause the product to form large fused or caked particle bodies comprised of
numerous attached discrete particles, which no longer resemble a conventional instant coffee product and renders the product
unsuitable or undesirable for use as an instant beverage product. Furthermore, a substantial portion of the product can adhere to
the walls of the vessel in which the pressurisation process is carried out during the heating step, resulting in an inability to easily
remove all of the product after de-pressurisation. The present inventors have discovered that by the addition of a finely-ground
insoluble coffee material, preferably a roasted, partially roasted or un-roasted coffee material, to the soluble coffee particles prior
to the heated pressurisation treatment used to load the particles with gas for foaming, the problems associated with the prior art
can be reduced. This has surprisingly been shown to also beneficially improve certain important finished product beverage and
foam quality attributes. That is, the added insoluble coffee material is effective to reduce or eliminate unwanted or excessive
particle agglomeration during heated pressurization.

[0034] The finely-ground coffee material is effective in coating, or partially coating, the soluble coffee due to its typically much-
smaller mean particle size. Without wishing to be bound by scientific theory, it is contemplated that finely-ground coffee materials
may act both as physical spacers between the individual soluble coffee particles during heated pressurisation, whilst also
absorbing surface moisture from the soluble coffee particles. These two effects, either individually or in combination, are believed
to be responsible for providing the observed effective reduction in the degree of particle agglomeration that occurs during the
heated pressurisation process. The finely-ground coffee material may also optionally be dried to reduce or eliminate its moisture
content or treated to improve its capacity to absorb moisture from the soluble coffee during the pressurisation process. It is
believed that by using finely-ground insoluble material, the available surface area of the material improves the soluble coffee
drying effect and reduces undesirable over-agglomerisation. Further, the very small particle size of the finely-ground coffee
material is also believed to be effective in stabilizing the foam of reconstituted beverages.

[0035] In the process according to the present disclosure, it has been demonstrated that the addition of, for example, pressed
roast coffee beans which are finely-ground and dried, to soluble coffee, such as spray-dried instant coffee, substantially inhibits
the agglomeration of the soluble coffee particles during the heated pressurisation, such that the number of agglomerated
particles present in the product is substantially and beneficially reduced and, in addition to this, the fraction of soluble coffee
particles adhered to the wall of the pressurisation vessel is also substantially and beneficially reduced.

[0036] Furthermore, since the resulting pressurised foaming instant espresso coffee product comprises finely-ground coffee
material, the in-cup (beverage) foam generated by the product of the present disclosure can beneficially more closely resemble
the foam of an authentic espresso coffee obtained by brewing ground roast coffee in an espresso brewer. Further still, it is
contemplated that a substantial portion of the finely-ground coffee material in the product of the present disclosure may be
actively transported into the foam of the beverage upon reconstitution caused by gas release from the soluble coffee particles
which they surround. It is apparent the rising gas bubbles released by dissolution of the soluble coffee particles in water carry a
significant amount of the finely-ground coffee material into the foam. This may slow, or prevent, the finely-ground coffee material
from settling out of the liquid phase of the beverage during consumption and from forming an unsightly sediment at the bottom of
the cup, as would occur to a faster or greater extent in a simple admixture of soluble coffee and finely-ground coffee material.
Further beneficial effects include substantially improved beverage foam stability and a significantly thicker foam mouthfeel, both of
which contribute to the more-authentic espresso coffee experience delivered by products of the present disclosure.

[0037] Additionally a further advantage of the present disclosure is that the yield of the overall coffee process may be improved,
since in certain embodiments of the present disclosure, a process stream that was previously considered a by-product, or to have
little or no commercial value, can be used to give a functional benefit to the finished product. The result of this finding can be
employed to reduce processing costs and raw material, energy, and waste disposal costs, which for a soluble coffee process can
be substantial.

[0038] In a further embodiment, the finely-ground coffee material may optionally be treated, for example by dyeing or bleaching,
to alter its physical appearance. For example, the finely-ground coffee material may be dyed or bleached to lighten its colour and
hence deliver a beverage where the coffee material present in the foam may be beneficially either more or less noticeable to the
consumer, and/or may beneficially influence the characteristics of the foam, for example lightening, darkening, or changing the
foam colour, or producing other visual effects.

[0039] Preferably the soluble coffee particle is provided in a step of spray-drying a coffee concentrate solution. Spray drying has
been found to provide a suitable particle surface for adhering the finely-ground insoluble material and provides suitable particle
sizes for use in the present method without necessarily requiring an intervening agglomeration step.
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[0040] Preferably the finely-ground insoluble coffee material is dried before being coated onto the soluble coffee particles. This
is believed to increase the efficiency of the insoluble material at reducing or preventing agglomeration or over-agglomeration of
the soluble coffee.

[0041] Optionally the method further comprises a step of cooling the coated particles and, optionally, packaging the particles.

[0042] Preferably the step of warming the coated particles involves heating the coated particles above the glass transition
temperature of the soluble coffee particles. This has been found to increase the amount of pressurised gas that can be retained
within the instant coffee composition.

[0043] It is preferred that the pressurised gas is substantially devoid of oxygen and/or moisture so as to avoid degrading the
coffee over time. Preferably, therefore the gas comprises nitrogen. Most preferably the gas is nitrogen with only unavoidable
impurities. Other, less preferred food-grade gases, or mixtures thereof can also be used, and these can include for example air,
nitrous oxide, carbon dioxide or halogenated hydrocarbons. The gas may be in supercritical or liquefied form during part or all of
the pressurisation process, and may also be retained within the instant coffee composition in supercritical or liquefied form. This
allows for a greater amount of gas to be held and, as a consequence, a foamier final beverage.

[0044] Preferably the pressurised gas is at a pressure of from 1,000kPa to 50,000kPa. More preferably the gas is at a pressure
of from 2,000 to 6,000kPa, and most preferably about 4,000kPa. The pressure is at least greater than atmospheric pressure to
ensure that some pressurised gas becomes entrapped in the internal pores of the coffee. If a supercritical fluid is used then the
pressure is above the critical pressure for at least a part of the pressurisation process. If a liquefied gas is entrapped then the
pressure is equal to or greater than the saturated vapour pressure of the fluid at the temperature at which the coffee is stored. A
suitable method of pressurisation using supercritical fluid is described in US patent application US20080160139A1, the content of
which is incorporated by reference.

[0045] In a third aspect the present disclosure provides a method of forming a beverage from the instant coffee composition
comprising dissolving the instant coffee composition of the present disclosure in an aqueous beverage medium, preferably a hot
beverage medium. The beverage is preferably hot water, but may also include, for example, a hot beverage such as brewed
coffee or hot milk.

[0046] There is also described the use of a finely-ground insoluble coffee material to reduce the agglomeration of a soluble
coffee composition undergoing heated pressurisation treatment. Preferably the finely-ground insoluble coffee material has an
average particle size of from 0.1 to 100 micrometers and preferably from 5 to 50 micrometers as described above. The finely-
ground insoluble coffee material is preferably used to reduce the agglomeration of a foaming soluble coffee: such coffees are
prone to losing their trapped gas when subjected to agglomeration treatment. The use of the finely ground coffee allows for faster
agglomeration treatment without forming oversized agglomerates or allowing too much trapped gas to escape.

[0047] There is disclosed the use of a finely-ground insoluble coffee material to improve the stability of a foam formed on a
coffee beverage. In particular, the insoluble material is that described herein and the application is for those purposes described
herein. For example, the use of a finely-ground insoluble coffee material to improve the stability of a foam formed on a coffee
beverage made from a soluble coffee composition, wherein the insoluble coffee material is coated on a surface of the soluble
coffee composition so that it becomes entrained into the foam when the beverage is formed by the addition of a beverage
medium. The finely-ground insoluble coffee material can be used to improve the stability of a foam formed on a coffee beverage
as described herein, in particular where the coffee beverage is created upon reconstitution of instant coffee powder or granules
with water, and optionally where the coffee beverage further comprises one or more of the following ingredients: milk, sugar,
flavourings and whiteners. The finely-ground insoluble coffee material can be used to improve the stability of a foam formed on a
coffee beverage, wherein the coffee beverage is created by a beverage dispensing system.

[0048] Preferably the finely-ground insoluble coffee material can be used to improve the stability of a foam formed on a coffee
beverage from a foaming soluble coffee. The use of the material in combination with the trapped gas has been found to lead to

significant entrapment of the material in the overlying foam, leading to enhanced foam stability and foam quality.

[0049] In a further aspect the present disclosure provides a container comprising the foaming coffee composition described
herein, the container being in the form of a cartridge, sachet, capsule, pod or pad.

[0050] In a further aspect the present disclosure provides a beverage dispensing system comprising a container described
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herein and a beverage dispensing machine adapted to receive the container and to dispense a beverage therefrom by the
addition of an aqueous beverage system.

[0051] In an further aspect of the present disclosure there is provided a method of making a beverage comprising passing an
aqueous beverage medium through the container described herein. Preferably the beverage is made using the beverage
dispensing system described herein.

[0052] The extent to which a coffee foams can simply be measured with a ruler and determining the relative height of the foam.
This technique was used in the Examples included herein. All measurements were carried out by conducting duplicate foam tests
and calculating separate averages for the 1 and 10 minute time intervals.

[0053] A commercially available freeze-dried coffee measured by this test typically exhibits a foam volume of just 1.5 cm? after 1

minute, reducing to a foam volume of just 0.5 cm3 after 10 minutes. Thus, a typical soluble coffee shows a retention of from of
only 33% after 10 minutes compared to 1 minute.

[0054] Foaming coffees also trend to have a higher closed pore volume than conventional coffees. For example, conventional
soluble coffee may have a closed pore volume of about 0.05 cm3/g. That is, the total volume of the closed pores within the
particles, as described below, is about 0.05cm3 for each gram of the coffee particles. In contrast, the foaming coffees described
herein preferably have a closed pore volume of about 0.3 cm3/g or greater, such as 0.5 cm3/g to 3.0 cm3/g, for example 0.75

cm3/g to 1.5 cm3/g, such as about 1.0 cm3/g.

[0055] Closed pore volume can be measured by firstly measuring the skeletal density (g/cm3) of the material by measuring the
volume of a weighed amount of powder or granules using a helium Pycnometer (Micromeritics AccuPyc 1330) and dividing weight
by volume. Skeletal density is a measure of density that includes the volume of any pores present in the particles that are sealed
to the atmosphere and excludes the interstitial volume between particles and the volume of any pores present in the particles that
are open to the atmosphere. The volume of sealed pores, referred to herein as closed pore volume, is derived from also
measuring the skeletal density of the powder or granules after grinding with a mortar and pestle to remove or open all interior

(closed) pores to the atmosphere. This type of skeletal density, referred to herein as true density (g/cm3) is the actual density of
only the solid matter comprising the powder or granules. Closed pore volume (cm3/g) is determined by subtracting the reciprocal

true density (cm3/g) from the reciprocal skeletal density (cm3/g). Optionally the closed pore volume can also be expressed as
volume percent of closed pore volume contained in the particles comprising the powder or granules. The percent closed pore

volume percent is determined by subtracting the reciprocal true density (cm3/g) from the reciprocal skeletal density (cm3/g) and

then multiplying the difference by skeletal density (g/cm3) and 100%.

[0056] All measurements herein are measured at room temperature (20°C) and 1 atmospheric pressure unless otherwise stated.

Figures

[0057] The invention will now be described further with reference to the following figures, provided by way of non-limiting
examples:

Figure 1 shows a flowchart identifying steps taken in the method described herein, including optional steps.

Figure 2 shows a graph plotting foam height (mm) over time (minutes) for an uncoated instant espresso foam (A) compared to a
coated instant espresso foam (B) in accordance with the present disclosure. The method used to measure the foam height in
figure 2 was simply measuring the distance between the top of the foam and the foam/liquid interface using a ruler.

Figure 3A shows a scanning electron microscope image of an uncoated instant espresso particle 10. Figure 3B shows a scanning
electron microscope image of an instant espresso particle 11 coated in accordance with the present disclosure with a finely-
ground coffee material 12.

Figure 4 shows organoleptic results from taste tests performed on the beverage (liquid) and foam of a coffee made with the
composition of the present disclosure in comparison to one made with an uncoated foaming instant espresso.

Figure 5A shows a typical coffee package 51 for holding a composition as described herein, such as might be used for retail of a
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coffee product. Figure 5B shows a cartridge 52 suitable for holding the coffee composition and for use in a beverage producing
machine 53. Figure 5C shows a beverage producing machine 53 suitable for use with the cartridge 52 shown in figure 5B.

Examples

[0058] Aspects of the present disclosure will now be described with reference to the following non-limiting examples and with
reference to the figures.

[0059] Figure 1 shows a flowchart identifying steps which may be taken in the method of the present disclosure, including
optional steps.

[0060] A soluble coffee is typically obtained from coffee beans by the following method. Firstly, coffee in the form of coffee beans
is provided. Coffee beans (sometimes called coffee cherries) are harvested as the seeds of plants belonging to the plant genus
Coffea. For example, Arabica coffee is derived from beans from the Coffea arabica plant and Robusta coffee is derived from
beans of the Coffea canephora plant. Other non-limiting types of coffee include Brazlian coffee and coffee derived from the
Coffea liberica and Coffea esliaca plants. There exist many varieties within individual types of coffee, each variety for example
indicating the geographical origin of the coffee. Soluble coffee may be derived from any variety or type of coffee or any
combination of any varieties and / or types.

[0061] Before roasting the coffee, the green coffee beans may be processed. For example, caffeine may be removed from the
green coffee beans. Suitable decaffeination processes include treating the beans with a heated coffee extract, direct or indirect
decaffeination with a solvent such as water, dichloromethane, ethyl acetate or triglyceride, and extraction using supercritical
carbon dioxide. Other treatment steps before roasting may also be carried out, for example treatment to modulate flavour-
producing compounds in the green coffee bean.

[0062] The green coffee beans are then roasted. Roasting is well known in the art. Typically, it involves heating the green beans
until they change colour. Apparatuses suitably used for roasting include ovens and fluidized beds.

[0063] The degree of roasting is judged by the colour of the roasted coffee bean. Roasting levels include light roasts (cinnamon,
half city, light and New England), medium-light roasts (light American, light city and West coast), medium roasts (American,
breakfast, brown, city and medium), medium-dark roasts (full city, light French and Viennese), dark roasts (after dinner,
continental, European, French, Italian and New Orleans) and very dark roasts (dark French and heavy).

[0064] After roasting, the coffee may be treated, for example to increase (or decrease) its level of hydration. In another example,
the coffee may be processed to reflect a unique flavour characteristic such as espresso.

[0065] After roasting, the coffee is ground to produce coffee grounds. Grinding methods include burr grinding, chopping,
pounding and roller grinding.

[0066] A coffee extract is then extracted from the coffee grounds by contacting the coffee grounds with hot water. The coffee
extract may then be concentrated, for example from about 15 to about 50% coffee by mass or more. The concentrated extract is
then dried by, for example, freeze drying or spray drying. Methods of freeze drying and spray drying are well known in the art.
This produces soluble coffee particles.

[0067] Before undergoing the pressurisation treatment to introduce pressurised gas into internal pores in the coffee, the freeze-
or spray-dried soluble coffee particles may undergo an agglomeration step to obtain a desired large particle size. Methods of
agglomerating soluble coffee are known in the art. A typical agglomeration process is described in the Encyclopaedia of Food
Science and Technology 1, p. 13-17 (1992). In this accepted agglomeration process, particles of soluble coffee are initially milled
to reduce their size. As discussed in Powder Technology 86, p. 49-57 (1996 ), this milling process is thought to produce particles
that are small enough to then form loose associations of particles, sometimes called dry pre-aggregates. These pre-aggregates
are thought to be held together by electrostatic forces, caused by, for example, the frictional charging of particles during milling
and / or during mixing. Therefore, reducing the particle size before agglomeration is carried out so that individual particles of
soluble coffee are capable of a sufficient particle weight to surface charge / surface interaction ratio in order to keep individual
particles in contact with one another.
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[0068] After milling, the milled particles of soluble coffee are then agglomerated. Many different forms of agglomeration are
known in the art. For example, as described in Food Control 8, p. 95-100 (1995), agglomeration can be achieved by compacting
individual particles, by growth agglomeration or through agglomeration by drying (e.g. spray-drying). In general terms
agglomeration refers to processes in which individual particles in a composition combine to form larger particles. Typically, the
individual particles making up the larger particles are still identifiable but are held together with the other individual particles in the
agglomerate so that the agglomerate remains as a single particle. For example, the individual particles making up the aggregate
may be held together by solid bridges. Typically, the tensile strength of these bridges are of the same order of magnitude as that
of the individual particles. For example, the breaking strength of the aggregates may be at least about a tenth of the tensile
strength of the individual particles, for example about a quarter to about one times the breaking strength of the individual
particles.

[0069] Typically, agglomeration of soluble coffee is carried out by wet growth agglomeration. This involves exposing the surface
of the soluble coffee particles to a binder liquid such as water. The binder liquid may also be provided in its gaseous form, for
example as steam as performed in jet agglomeration. When steam is used, the steam can condense to liquid form upon contact
with the coffee particles. The liquid binder forms liquid bridges between the individual particles. The liquid binder is then dried to
form a solid bridge comprising the solid form of the binder; alternatively or additionally, the liquid binder may dissolve some of the
soluble coffee, in which case the solid bridge formed on drying of the binder liquid comprises the soluble coffee itself. It is also
possible that, in a process such as jet agglomeration, steam is used simply to soften the surface of the soluble coffee, causing
individual soluble coffee particles to adhere to one another.

[0070] Examples in which this milling process is followed by agglomeration to form an agglomerated coffee composition include
US 3554760 (General Foods Corporation), US 3514300 (Afico S.A.), US 4724620 (Nestec S.A.), US 3227558 (General Foods
Corporation), US 4594256 (General Foods Corporation), US 3767419 (General Foods Corporation), US 3716373 (Rhodes), US
3821430 General Foods Corporation), US 3740232 (General Foods Ltd), US 3729327 (General Foods Corporation), US
3695165 (General Foods Corporation) and US 3485637 (General Foods Corporation).

[0071] Turning to figure 1, the beans are roasted and ground in a conventional manner (step 1). The roast and ground coffee is
then extracted with hot water (step 2) to produce a concentrated coffee solution 21 and an extracted coffee filter cake 22.

[0072] The concentrated coffee solution 21 is spray dried (step 3) to produce a number of soluble coffee particles 31. The
extracted coffee filter cake 22 is dried (step 4) and ground (step 5) to have a fine particle size (average longest diameter) of
approximately 20 micrometers.

[0073] The soluble coffee particles are mixed with the finely-ground coffee filter cake under gentle tumbling conditions (step 6).

[0074] Once the soluble coffee particles are well coated with the finely-ground coffee filter cake, the coated particles are passed
into a pressurised vessel under 40 bars of nitrogen and warmed to above their glass transition temperature (step 7). This traps
nitrogen under pressure within the structure.

[0075] The coated gas-trapping particles are then allowed to cool (step 8) and are packaged (step 9) into either a bulk container
for sale as an instant coffee product or, alternatively, packaged into coffee-producing beverage cartridges for use in a beverage
dispensing machine.

[0076] A beverage cartridge containing the composition described herein may be used in a beverage machine. Such machines
are well known in the art. The system passes hot water through the pod (step 10) to dissolve the composition and, hence, to
produce a foamed beverage for consumption (step 11).

« Example 1 (Comparative)

[0077] About 1 kg of spray-dried soluble coffee powder with a moisture content of about 2.1% by weight was loaded into a
pressure vessel of about 12 litres internal volume. The coffee powder had an average particle diameter (Dsg) of about 150pm
(measured by laser diffraction), and a bulk density of about 0.22 g/ml. The coffee had a glass transition temperature (Tg) of over
50°C.

[0078] The vessel was sealed and filled with nitrogen gas until the internal pressure reached about 40bars gauge. The vessel
was then heated using an oil jacket (at a maximum oil temperature of about 105°C) until the temperature of the coffee surpassed
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its Tg and reached 90°C. The coffee was kept at about 90°C for about 10 minutes, and then cooled to below the coffee Tg by
reducing the temperature of the jacket until the temperature of the coffee was below 50°C. The vessel was then de-pressurised
and inverted to allow the coffee to flow out into a separate collection pot.

[0079] When the vessel was inverted, about 230g of coffee particles and agglomerates flowed out of the vessel and into the
collection pot. The remainder (about 770g) of the coffee particles had adhered to the walls of the vessel and could not be easily
removed. The 230g of particulate coffee that flowed out of the vessel contained a significant quantity of pressurised gas and
generated a beverage foam layer when 3g of the coffee was reconstituted with 200 ml of hot water in a beaker.

« Example 2

[0080] About 850g of the same untreated lot of spray-dried soluble coffee starting material, as used in Example 1, with the same
moisture content of about 2.1% by weight was thoroughly mixed with about 150g of pressed roast coffee (expeller cake remaining
after hydraulically pressing oil from roasted coffee beans), by combining the two substances together in a polyethylene bag and
shaking by hand for about 30 seconds. The pressed roast coffee had been previously jet-milled to an average particle diameter
(Dsp) of about 17um (measured by laser diffraction), and then dried to a moisture content of about 0.2% by weight.

[0081] This mixture of spray-dried soluble coffee particles and jet-milled, dried pressed roast coffee was loaded into the pressure
vessel of Example 1 and subjected to the same heated pressurisation process. When the cooled vessel was de-pressurised and
then inverted at the end of the pressurisation process, about 740g of particulate coffee product flowed out of the vessel and into
the collection pot - more than 3 times the amount collected in Example 1 (without the addition of the jet-milled coffee). The
remainder of the particles (about 260g) had adhered to the walls of the pressure vessel.

[0082] Of the 7409 of particulate product that flowed out of the vessel, about 480g was in the form of a free-flowing powder, with
the remainder comprising soft particle agglomerates, which could be comminuted into a powder by hand using gentle force. The
740g of particulate coffee that flowed out of the vessel contained a significant quantity of pressurised gas and generated a
beverage foam layer when 3g of the coffee was reconstituted with 200 ml of hot water in a beaker.

« Example 3

[0083] 3g of product of Examples 1 and 2 were separately reconstituted in a beaker of approximately 65mm internal diameter,
using hot water at about 85°C. The foam heights over time are shown in Figure 2. The control sample prepared in Example 1 is
coded (A), the inventive sample prepared in Example 2 is coded (B).

[0084] The height of the top of the foam layer above the liquid/water interface was measured using a ruler both immediately after
reconstitution, and at 1 minute intervals following reconstitution. Both samples had the same initial foam height of 10 mm. It was
surprisingly found, however, that the foam generated by the product of Example 1 (A) was considerably less stable than the foam
generated by the product of Example 2 (B). The foam generated by the product of Example 1 (A) had substantially disappeared
from the surface after 30 minutes. By contrast, the foam of the product of Example 2 (B) took 60 minutes to substantially
disappear. At each time interval, the foam height of the product of Example 2 (B) was the same or higher than the foam height of
the product of Example 1 (A).

[0085] A further 3g of the treated coffee products of Examples 1 and 2 were separately reconstituted in 200 ml of hot water. The
taste and character of the beverage products were assessed by a panel of 5 trained coffee tasters. The panel found the
reconstituted coffee of Example 2 to have a significantly thicker foam mouthfeel than the product of Example 1.

[0086] Tests were performed on the coffee compositions at different stages of the above Examples and the results are set out in
Table 1 below.
Table 1
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Before pressurisation After pressurisation
Spray-Dried Soluble Coffee Jet-milled Pressurised Spray- Pressurised Spray-Dried
Powder before Expeller cake Dried Soluble Coffee Soluble Coffee Powder +
pressurisation treatment P Powder 15% Jet-milled expeller cake
Colour 28.0 La 8.2La 15.5 La 118 La
(reflected light
intensity)
Density 26.6 g/100cm® 36.89/100cm®]  43.6 g/100cm? 44.1 g/100cm3
Closed pore 51.6% na 30.0% 31.7%
volume
Foam height 2mm n/a 15mm 15mm

[0087] As can be seen from Table 1, the foaming level, density and closed pore volume remains substantially unchanged on the
addition of the jet-milled expeller cake. Therefore, it can be seen that the final coffee product as a particle form closely resembles
a conventional pressurised spray-dried instant foaming coffee (albeit slightly darker).

[0088] "Colour", in "La" units, means colour which is indirectly measured using visible light reflectance of a sample of the product,
using a Dr. Lange Colour Reflectance Meter Model LK-100 with an internal 640 nm filter. (Dr. Lange GmbH, Dusseldorf,
Germany). The sample is poured loosely into a petri dish in the levelling device supplied with the Dr. Lange reflectance meter. A
handle is then manipulated to obtain a flat surface on the sample. The petri dish is then removed from the levelling device and
placed in the drawer of the reflectance meter. The instrument is then activated and the reflectance measurement is displayed.
The lower the reflectance value, the darker the colour.

[0089] Figure 3A shows a scanning electron microscope image of an uncoated spray-dried instant espresso particle 10. Figure
3B shows a scanning electron microscope image of a pressurised spray-dried instant espresso particle 11 coated in accordance
with the present disclosure with a finely-ground coffee material 12. The uncoated instant particles 10 generally have smooth outer
surfaces. The coated particles 11 are less regular and have comparatively very fine particles of coffee material 12 adhered
across the outer surfaces. One of the particles has been cut across in the centre of the picture and the otherwise-closed
pore/void system can be clearly shown. These are the pores which hold pressurised gas in the coffee product.

[0090] In addition, further results from taste tests performed on the beverage (liquid) and foam of a coffee made with the
composition described herein in comparison to one made with an uncoated foaming instant espresso are shown in Figure 4.

[0091] In Figure 4 the letters refer to the following characteristics:

D:

Thickness/viscosity
E:

Chalky/powdery
F:

Aroma impact
G:

Sour
H:

Bitter
I

Roasted

[0092] As shown in Figure 4, the scores provided by the five skilled tasters indicated that the beverage was found to be thicker
and having a more chalky mouthfeel. In comparison to the body of the beverage, these features were especially pronounced in
the foam. It is also noted that the aroma impact of the foam was significantly increased. Advantageously, the sour and bitter
characteristics were reduced in the beverage made with the inventive composition. The inventors have found that while the liquid
and foam show similar trends, the mouthfeel attributes of the foam are more prominently improved than in the bulk beverage
(liquid), while the flavour attributes of the beverage are more improved than those of the foam.

10
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[0093] Although preferred embodiments of the invention have been described herein in detail, it will be understood by those
skilled in the art that variations may be made thereto without departing from the scope of the invention or of the appended claims.
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PATENTKRAV

1. Pulverkaffesammensaetning, der omfatter oplgselige kaffepartikler med
indre porer, hvor mindst nogle af de indre porer indeholder en gas under tryk, og
hvor de oplaselige kaffepartikler er forsynet med tilsat fintformalet uopleseligt
kaffemateriale p& en ydre overflade deraf, hvor det fintformalede uoploselige

kaffemateriale har en gennemsnitlig partikelstarrelse pa fra 0,1 til 100 mikrometer.

2. Pulverkaffesammensaetning ifglge krav 1, hvor det fintformalede

uoplaselige kaffemateriale:

(i) er afledt af ristede og formalede kaffebgnner, der eventuelt allerede er
blevet udvundet; og/eller

(i) har en gennemsnitlig partikelstarrelse pa fra 5 til 50 mikrometer og/eller
(iii) i det mindste delvist er smeltet ind i de oplgselige kaffepartiklers ydre
overflade.

3. Fremgangsmade til dannelse af pulverkaffesammensaetningen ifglge

krav 1 eller krav 2, hvilken fremgangsmade omfatter, at:

a) der tilvejebringes en oplaselig kaffepartikel med en ydre overflade og
indre porer;
b) den oploselige kaffepartikels ydre overflade i det mindste delvist

overtraekkes med et tilsat fintformalet uoploseligt kaffemateriale til dannelse af en
overtrukken partikel, hvor det fintformalede uoplgselige kaffemateriale har en

gennemsnitlig partikelstarrelse pa fra 0,1 til 100 mikrometer; og

C) den overtrukne partikel opvarmes og underkastes en gas under tryk,
séledes at i det mindste noget af gassen er indesluttet i partiklens indre porer.
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2

4. Fremgangsmade ifolge krav 3, hvor den oplaselige kaffepartikel

tilvejebringes i et trin med spraytarring af en kaffekoncentratoplgsning.

5. Fremgangsmade ifglge krav 3 eller krav 4, hvor det fintformalede

kaffemateriale tarres, inden det overtraekkes pa den oploselige kaffepartikel.

6. Fremgangsmade ifglge et hvilket som helst af kravene 3 til 5, hvor

fremgangsmaden yderligere omfatter, at:

iv) den overtrukne partikel afkales, og at partiklen eventuelt emballeres.

7. Fremgangsmade ifalge et hvilket som helst af kravene 3 til 6, hvor trinnet
med opvarmning af den overtrukne partikel involverer opvarmning af den

overtrukne partikel til over den oplaselige kaffepartikels glasovergangstemperatur.

8. Fremgangsmade ifalge et hvilken som helst af de foregaende krav, hvor det
fintformalede uoploselige kaffemateriale i trin ii) eller trin iii) i det mindste delvist
smeltes ind i den oplgselige kaffepartikels overflade ved opvarmning af partiklen til

en temperatur, der er lig med eller over partiklens glasovergangstemperatur.

9. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor

gassen under tryk:

A) omfatter nitrogen og/eller carbondioxid, hvor gassen under tryk eventuelt
er i en superkritisk eller flydendegjort tilstand; og/eller

B) er ved et tryk pa fra 1.000 kPa til 50.000 kPa.

10. Fremgangsmade til dannelse af en drikkevare ud fra en
pulverkaffesammensaetning, hvilken fremgangsmade omfatter oplosning af
pulverkaffesammensaetningen ifalge et hvilket som helst af kravene 1 til 2 i et
vandigt drikkevaremedium.
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3

11. Beholder, der omfatter den skumdannende kaffesammensaetning ifolge et
hvilket som helst af kravene 1 til 2, hvilken beholder er i form af en patron, en

pose, en kapsel, et hylster eller en pude.

12. Drikkevaredoseringssystem, der omfatter en beholder ifglge krav 11 og
en drikkevaredoseringsmaskine, som er tilpasset til at modtage beholderen og at

dosere en drikkevare derfra ved tilsaetning af et vandigt drikkevaremedium.

13. Fremgangsmade til dannelse af en drikkevare, hvilken fremgangsméade
omfatter, at et vandigt drikkevaremedium passerer gennem beholderen ifalge krav

11, eventuelt under anvendelse af drikkevaredoseringssystemet ifglge krav 12.
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Figure 1
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Figure 2
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Figure 5B
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