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ma compounds from coffee, wherein
a gas comprising aroma from roast
and ground coflee and water 1s con-
densed to provide a liquid aqueous
phase and a gas phase; and the gas
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in the presence of an aqueous liquid.
The Liquid 1s usetul e.g. in the pro-
duction of soluble coffee products.
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METHOD OF PRODUCING AN AROMATISED AQUEOUS LIQUID

Field of the invention

The present invention relates to a method for producing an aqueous liquid aromatised
with aroma compounds from coffee. The liquid 1s useful e.g. 1n the production of

soluble coffee products.

Background

Coftee extracts form the basis of soluble coffee products, whether 1n dried, powdery
form (1nstant coffee) or in liquid form (e.g. as a ready-to-drink (RTD) coffee beverage.
Aromas are an important part of soluble coffee products, i1f the product lacks the aroma
assoclated with 1t, consumer perception of the product 1s adversely affected. Soluble
coffee powders, which are obtained from commercial processes involving extraction,
concentration, and drying, are usually substantially aroma-less. For this reason, it 18
conventional to recover coffeec aromas which are given off during the processing of the
soluble coffee powder and to reincorporate these aromas, ¢.g. mto concentrated coffee
extract prior to drying into a soluble coffee powder. The coffee aromas may be
recovered at several points during processing, ¢.g. by aroma stripping of roast and
oround coffee prior to extraction. WO 01/13735 discloses a method of recovering
coffeec aroma from coffee grounds comprising wetting, heating and stripping aroma
from coffee grounds exposing the coffee grounds to a decreased pressure. The coffee
aroma compounds released by this treatment are then recovered. EP 1069830 (note:
GEAR patent) discloses a method comprising providing a slurry of roast and ground
coffee and stripping aroma from this slurry by using a gas to provide an aromatised gas.
In both methods aroma compounds are released from roast and ground coffee 1nto a
gas phase from where 1t 18 collected. This gas stream 1s composed of gases previously
trapped 1n the roast coffee (primarily carbon dioxide), and possibly entrained air or
stcam. Recovering aroma from the gas 1s usually achieved by condensation of the aroma
at low temperature, ¢.g. by cryogenic condensation. Cryogenic condensation 18

expensive and further does not lead to a complete recovery of all highly volatile cotfee
1
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aroma compounds. There 1s a need to improve the recovery of high volatile aroma
compounds and to reduce cost and complexity without subjecting the aroma containing

gas to clevated temperatures that would lead to degradation of aroma compounds.

Summary of the invention

The inventors have found that a gas comprising aroma from roast and ground coffee
and water can be condensed to produce a gas phase and a liquid aqueous phase. The
gas phase comprising aroma compounds can be pressurised 1n the presence of an
aqueous liquid leading to the transfer of aroma compounds from the gas phase to the
aqueous liquid to produce an aromatised aqueous liquid. In this process the temperature
increase that would normally happen during a pressurisation 1s avoided by the cooling
ctfect of the aqueous liquid, and the recovery of highly volatile aroma compounds 1s

improved compared to prior art methods.

Therefore, the present invention relates to a method of producing an aromatised
aqueous liquid, the method comprising: a) providing a gas comprising aroma from roast
and ground coffee and water; b) condensing the aroma and water comprising gas, to
provide a liquid aqueous phase and a gas phase; and c¢) subjecting the gas phase
obtained by step b) to pressurisation in the presence of an aqueous liquid to produce an
aromatised aqueous liquid. In a further aspect, the invention relates to a method for

producing a dried soluble coffee extract.

Brief description of the figures

Figure 1 schematically 1llustrates a liquid ring compressor.

Figure 2 1llustrates and example of a process for producing a dry soluble coffee powder.

Figures 3 and 4 show results from example 3.

Detailed description of the invention

According to the present invention a gas comprising aroma from roast and ground

coffece and water 1s provided. This may be achieved by any suitable method, several
2
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such methods are well known to the skilled person. Preferably, the gas comprising
aroma from roast and ground coffee and water 1s obtained by stripping roast and
oround coffee to obtain an aroma containing gas. Several methods for stripping roast
and ground coffee are known 1n the art e.g. from WO 01/13735 where aroma gas 1s
released from roast and ground coffee under decreased pressure and EP 1069830
wherein a gas stream 1S used for stripping aroma 1nto the gas phase. The aroma
comprising gas from roast and ground coffee and water may also be obtained as grinder
gas, 1.¢. the aroma rich gas that 1s released from roasted coffee beans during grinding,
and for a period after grinding. The gas comprises water, this may ¢.g. originate from
natural moisture comprised 1n roast and ground coffee, ¢.g. released during grinding
and/or stripping and/or i1t may originate from water added to roast and ground coffee,
¢.g. 1f roast and ground coftee 1s wetted before or during stripping, or from injection of
steam during stripping. The gas comprising aroma from roast and ground coffee and
water may further comprise carbon dioxide, ¢.g. carbon dioxide released from the

coffee beans.

The aroma and water comprising gas 1S condensed to provide a hquid aqueous phase
and a gas phase. Condensation can be achieved by any suitable mean, but will usually be
achieved by lowering the temperature of the gas so that a hquid aqueous phase
condenses from the aroma and water comprising gas. The temperature used will e.g.
depend on the pressure 1n the system and the moisture content of the aroma and water
comprising gas. Usually, the aroma and water comprising gas will be condensed at a
temperature between 0 and 40°C, such as between 5 and 30°C, or between 5 and 20°C.
The pressure will usually be between 0.1 and 3 bar absolute pressure, such as between
0.2 and 2 bar absolute pressure, or between 0.3 and 1 bar absolute pressure. Any
suitable condenser known 1n the art may be used. In a preferred embodiment of the
invention, the aroma and water containing gas 1s not subjected to conditions of
temperature and pressure wherecat water will be 1n the solid phase (ice). In a further
preferred embodiment, the aroma and water comprising gas 1s subjected to a minimum

temperature above 0°C during the process.

The gas phase obtained by the condensation of the aroma and water comprising gas 18

subjected to pressurisation mm the presence of an aqueous liquid to produce an
3
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aromatised aqueous liquid. By subjection to pressurisation 1s meant that the pressure 18
increased compared to the pressure during the condensation step. Preferably, the
pressure 18 increased to a value between 1 and 20 bar absolute pressure, such as
between 2 and 15 bar absolute pressure, or between 2 and 8 bar absolute pressure,
during the pressurisation step. The pressurisation 1s performed 1n the presence of an
aqueous liquid. By this 1s meant that the gas phase 1s in contact with an aqueous liquid
during the pressurisation. The pressurisation 1n presence of an aqueous liquid results 1n
the transfer of aroma compounds from the gas phase into the aqueous liquid to produce
an aromatised aqueous liquid, and at the same time the aqueous liquid may absorb heat
created during the pressurisation of the gas, thus preventing the temperature from
increasing as much as would have been the case i1f the gas phase was pressurised
without an aqueous liquid present. In a preferred embodiment, the weight ratio of
aqueous liquid to gas phase during the pressurisation 1s between 1:1 and 10000:1, such
as between 3:1 and 5000:1. To minimise degradation of aroma compounds, the gas

phase 1s preferably subjected to a maximum temperature below 60°C, such as below

50°C, or below 30°C.

The pressurisation may be performed 1n any suitable container or apparatus. The
contact surface between the gas phase and the aqueous liquid and the contact time
should be sufficient to allow effective transfer of aroma compounds from the gas phase
to the liquid aqueous phase and to allow the temperature to be kept within the desired
range. The temperature during the pressurisation may ¢.g. be kept at a desired level by
circulating the aqueous liquid through a cooling device to remove heat generated by the
pressurisation of the gas phase. The aqueous liquid present during pressurisation may
be any suitable aqueous liquid, such as ¢.g. water or coffee extract. In a preferred
embodiment the aqueous liquid present during the pressurisation comprises all or a part
of the aqueous liquid phase obtained by the condensation of the aroma and water
comprising gas. In this way the condensed aqueous liquid phase which may already
comprise low and medium volatile coffee aroma components that were condensed
together with water during the condensation step, may be further aromatised by
transferring highly volatile aroma compounds to 1t from the gas phase, such that both
aroma condensed during the condensation step and aroma transferred from the gas

phase during the pressurisation step may be utilised.
4



10

15

20

25

30

CA 02785298 2012-06-21

WO 2011/076564 PCT/EP2010/069125

In a preferred embodiment, the pressurisation in presence of an aqueous liquid 1s
performed 1n a liquid ring compressor. A liquid ring compressor compresses gas by
rotating a vaned impeller eccentric to a cylindrical casing. The aqueous liquid 1s fed mnto
the pump and, by centrifugal acceleration, forms a moving cylindrical ring against the
inside of the casing. This liquid ring creates a series of seals in the space between the
impeller vanes, which form compression chambers. The eccentricity between the
impeller's axis of rotation and the casing geometric axis results 1n a cyclic variation of
the volume enclosed by the vanes and the ring of aqueous liquid. The gas phase 18
drawn 1nto the pump via an 1nlet port in one end of the casing where the volume of the
compression chambers formed by the impeller vanes and the liquid ring 1s largest and
the gas 1s trapped 1n the compression chambers. The reduction in volume caused by the
impeller rotation compresses the gas, and the compressed gas leaves the compressor at
a discharge port in the other end of the casing where the volume of the compression
chambers 1s smallest. The function of a liquid ring compressor 1s 1llustrated in Fig. 1
(note: figure 1llustrating liquid ring compressor to be made). To control temperature 1n
the liquid ring compressor, the aqueous liquid 1s preferably circulated through an
external heat exchanger. A liquid ring compressor system may be operated
contmuously. Two or more liquid ring compressors operated 1n series may be used.
When the aqueous liquid phase obtained by the condensation of the aroma and water
comprising gas 1s used as the aqueous liquid 1n a liquid ring compressor this liquid
phase can be further aromatised and at the same time being utilised as the service and
cooling liquid of the liquid ring compressor. The gas phase leaving the liquid ring
compressor may entrain some liquid. This liquid may be separated from the gas and fed
back to the aqueous liquid phase. The aromatised aqueous liquid obtained may be used
for providing coffeec aroma, ¢.g. to food products where this 1s desired. If not used
immediately, the aromatised aqueous liquid may preferably be stored under pressure
until used. Any suitable pressure may be used, ¢.g. in the range between 1 and 20 bar
absolute pressure. Preferably the storage pressure 1s the same as the pressure 1n the

COmMpressor.

The method of the present invention may be utilised in the production of soluble coftee
5
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in many ways. For example, the aromatised aqueous liquid obtained may be used for
aromatising a coffee extract by mixing the aromatised aqueous liquid with the coffee
extract. Further, a dried soluble coffee product may be produced from such an
aromatised coffee extract by drymg the aromatised extract by methods well known 1n
the art for drying coffee extracts, ¢.g. by spray drying or freeze drying. The gas
comprising aroma from roast and ground coffee and water will usually also contain
carbon dioxide from the coffeec beans. This 1s e¢.g. the case 1f the gas 1s obtained by
stripping of roast and ground coffee as described above. The carbon dioxide may, 1n
whole or 1n part, be transferred to the aqueous liquid during the pressurisation. In the
production of dried soluble coffee this carbon dioxide may be utilised to regulate the
density of the final product, ¢.g. if aromatised aqueous liquid comprising carbon dioxide
1s mixed with a coffee extract to be dried. The amount of carbon dioxide added to the
extract, and thus the density of the coffee extract, may easily be controlled by the skilled
person by adjusting the parameters of the process, ¢.g. the pressurisation pressure and
temperature, and the amount of aromatised aqueous liquid mixed with the extract. In
this way the method of the invention may eliminate or reduce the need for adding
carbon dioxide from an external source as 1s often done during production of soluble
coffee to obtain the desired density of the soluble cotfee powder. The density of soluble
coffeec powder 1s important, ¢.g. for dissolution propertics as well as to ensure

consistent dosing of the powder when preparing coffee.

The process of the invention may be ¢.g. be used 1n the production of a soluble coffee
extract, ¢.g. as illustrated in Fig. 2. The production of soluble coffee powder 1s well
known 1n the art, and often includes the step of roasting green coffee beans, grinding
them, recovering aroma from the roast and ground beans 1n the form of a gas
comprising aroma from roast and ground coffee and water, extracting the roast and
oround coffee beans with water, concentrating the coffee extract by evaporation and
drying the concentrated extract to a powder, ¢.g. by spray drying or freeze drying. The
method of the invention may be used to produce an aromatised aqueous liquid from the
gas comprising aroma from roast and ground coffee and water, and this liquid may be
added to the concentrated coffee extract before drying. Consequently, 1n one
embodiment the method of the invention further comprises mixing the aromatised

aqueous liquid obtained 1n step ¢) with a coffee extract. In a still further embodiment
6
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the method of the invention comprises drying this coffee extract after being mixed with

the aromatised aqueous liquid, to obtain a dry soluble cotffee extract.

In one embodiment of the invention roast and ground coffee 1s pre-wetted with an
aqueous liquid prior to stripping the aroma from the coffee grounds with steam. The
gas comprising aroma from roast and ground coffee and water obtained from the
stripping of the coffee 1s condensed to provide a liquid aqueous phase and a gas phase;
and said gas phase 18 subjected to pressurisation in the presence of said liquid aqueous
phase to produce an aromatised aqueous liquid, preferably in a liquid ring compressor.
The obtained aromatised aqueous liquid 1s then fed back and used for pre-wetting of

roast and ground coffee entering the system to be stripped.

EXAMPLES

Example 1

Aroma strippmg

A blend of roast and ground Arabica and Robusta coffeec beans was stripped as
described in WO 01/13735 1n a mixing chamber under vacuum wherein water was
sprayed onto the coffee grounds to wet them and steam was 1njected into the bottom of
the mixer to generate a gas comprising coffee aroma and water. The gas was drawn off
the mixing chamber and fed to a condenser operating at about 10°C to obtain an

aromatised liquid aqueous phase and a gas phase.

Extraction

The stripped roast and ground coffee was extracted in a multi-stage extraction system
extract as described in EP 0826308 to obtain a liquid coffee extract. The extract was
concentrated 1n a standard evaporator and the concentrated extract was dried to a

soluble coftee powder by freeze drying.

Sample A (comparative)
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The gas phase obtained from the condenser as described above was fed to a cryogenic
condenser operating at below -100°C to produce an aroma frost. This aroma frost as
well as the hquid aqueous phase obtamed from the condenser was added to the
concentrated extract leaving the evaporator before freeze drymg. Amount of CO, used

to set density varied from 2.5 g CO,/ kg roast and ground coffee.

Sample B

Aroma stripping and extraction was performed as described above using coffee beans
from the same blend as for Sample A. The gas phase obtained from the condenser as
described above was fed to a liquid ring condenser and compressed to a pressure 350-
900 milibar absolute at a temperature 12°C. The liquid aqueous phase obtained from the
condenser was used as the liquid 1n the liquid ring condenser and circulated through a
heat exchanger to keep the temperature 1n the rangel2-20°C. The aromatised liquid
phase leaving the liquid ring compressor was added to the concentrated coffee extract
leaving the evaporator before freeze drying. The gas leaving the liquid ring compressor
was discarded. The amount of CO, used to send the density was 1.5 g CO,/ kg roast

and ground coffee.

Sensory evaluation

The soluble coftee powders produced above was dissolved 1n 80°C water at a
concentration of 1.7 g/100 ml. A panel of 12 trained persons performed a blind
cvaluation of both samples twice using a standard list of attributes. Sample B had
significantly higher scores for overall aroma, overall flavour, coffee aroma and coffee

flavour, than Sample A.

Example 2

Four samples of soluble cotfee were produced 1n the same way as Sample B of example
1 above, except that the temperature of compression was 12°C, 15°C, 20°C, and 25°C,
respectively. The samples were reconstituted 1n hot water and two independent triangle
discrimination test were performed comparing the 12°C sample to the 15°C sample, and
the 12°C sample to the 25°C sample, using panels consisting of 37 and 34 trained

pancllists, respectively. The tests showed no significant differences between the
8
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Example 3
5  Five samples of soluble coffee were produced 1n the same way as Sample B of example

10

15

1 above, except that the pressure of compression was 2 bar, 3 bar, 4 bar, 5 bar, and 6

bar, respectively (absolute pressure).

The recovery of key aroma compounds was assessed 1n the soluble coffee samples by
relative quantification of marker compounds by SPME-GC/MS on an Agilent
7890/5975 GC/MS with DB-Wax GC-column (60 m x 0.25 mm x 0.25 um). Results
were expressed as relative concentrations in % of the amounts found 1 the sample
produced with 2 bar compression. Standard deviation on 3 sample preparations 1s given
by error bars. The following aroma compounds were assessed. The results are shown in

Figures 3 and 4.
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CLAIMS:

1. A method of producing an aromatised aqueous liquid comprising:
a) providing a gas comprising aroma from roast and ground coffee and further comprising
water;
b) condensing said gas comprising aroma and water to provide a liquid aqueous phase and a
gas phase;
C) subjecting the gas phase obtained by step b) to pressurisation in the presence of an

aqueous liquid consisting of all or part of the aqueous liquid phase obtained in step b) to produce
an aromatised aqueous liquid; andd) mixing a coffee extract with the aromatised aqueous liquid

produced by the pressurisation.

2. The method of claim 1 wherein the aromatised aqueous liquid consists of the water and the
aroma.
3. The method of claim 1 or 2 wherein the aroma and water comprising gas 1S condensed at a

temperature of between 0 and 40° C.

9. The method of any one of claims 1 to 3 wherein the aroma and water comprising gas is

condensed at a pressure of between 0.1 and 3 bar absolute pressure.

J. The method of any one of claims 1 to 4 wherein the gas phase obtained by step b) i1s pressurised

to a pressure of between 2 and 20 bar absolute pressure in step ¢).

6. The method of any one of claims 1 to 5 wherein the gas phase obtained by step b) 1s subjected to

a maximum temperature of between 0 and 50° C. during the pressurisation in step c).

7. The method of any one of claims 1 to 6 wherein the pressurisation in step ¢ is performed in a

liquid ring compressor.

8. The method of any one of claims 1 to 7 wherein the gas comprising aroma from roast and ground

coffee and water is provided by stripping aroma from roast and ground coffee with a gas.

10
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The method of claim 8 wherein the roast and ground coffee has been wetted before and/or during

the stripping with a gas.

10.

The method of any one of claims 1 to 9 wherein the gas phase is not subjected to conditions in

which the water will be in a solid phase during the condensation.

11

A method of producing a dried soluble coffee extract, the method comprising:

a) providing a gas comprising aroma from roast and ground coffee and further comprising
water,

b)  condensing said gas comprising aroma and water to provide a liquid aqueous phase and a
gas phase; '

c) subjecting the gas phase obtained by step b) to pressurisation in the presence of an
aqueous liquid consisting of all or part of the aqueous liquid phase obtained in step b) to produce
an aromatised aqueous liquid that consists of the aroma and the aqueous liquid; and

d) mixing a coffee extract with the aromatised aqueous liquid 'produced by the

pressurisation.

11
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