10

15

20

25

30

35

WO 2022/122714 PCT/EP2021/084541

A method of reducing acrylamide in coffee extract and a soluble coffee product

The present invention relates to a method of reducing acrylamide in an aqueous coffee
extract and to a method for producing a soluble coffee product from the extract having a
reduced acrylamide content. Such products are able to provide consumers with an improved

coffee beverage having lower levels of acrylamide.

The extraction of roast and ground coffee with water to obtain a high coffee-solids liquid
coffee concentrate is well known. Moreover, it is well known to dry such a concentrate with
spray- or freeze-drying to obtain a soluble beverage product. The liquid coffee concentrate
and the soluble beverage product can then be reconstituted at the consumer’s convenience
with hot (or cold) water to obtain a coffee beverage. The industrial production of liquid coffee
concentrates is associated with higher temperatures and pressures than coffee shop
brewing systems. This allows a higher yield to be obtained from the beans and a reduced
waste stream, but has a side-effect that the coffee can adopt undesirable processing flavour

notes.

More recently it has been discovered that food products that are subjected to high
temperatures during processing often contain high levels of acrylamide. These temperatures
can be reached during the first minutes of the coffee roasting process where the highest
amount of acrylamide have been reported. Since acrylamide is a probably carcinogenic
substance, the food industry is unified in trying to reduce the levels of acrylamide in food. It
is therefore desirable to implement measures to reduce the levels of acrylamide that
accumulate during the coffee production.

The level of acrylamide in instant coffee is of some concern to the industry. Commission
Regulation (EU) 2017/2158 states that food manufacturers should be striving to achieve
levels as low as reasonably achievable and benchmark levels for instant coffee have been
set at 850 ppb. In roast and ground coffee, the challenge is particularly with the lighter

roasts, since acrylamide degrades under the more severe roasting conditions.

Asparagine is converted to acrylamide, amongst other products, through chemical reaction
at elevated temperatures. Unlike most other food products, coffee shows a decrease in
acrylamide with increasing processing (roasting) time. All foods show this effect if heated
sufficiently but under normal processing conditions most foods do not convert all their
asparagine to acrylamide, hence longer processing times generally result in higher
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acrylamide levels. However, with coffee, all the asparagine is exhausted before processing
is completed, and acrylamide levels then begin to fall. The most probable mechanisms for
loss of acrylamide are polymerisation, degradation, or reaction with other food components.

However, it has been observed that acrylamide increases during the extraction process
used to produce instant coffee from roast and ground coffee, despite the fact that the key

precursor, asparagine, has been exhausted. As a result, levels can be undesirably high.

It is known in the prior art that acrylamide levels fall very gradually during storage in roast
and ground coffee; Guenther et al., Food Additives & Contaminants, Vol 24(sup1), p60
(2007). However, long term storage of coffee is associated with staling and flavour loss, so

the product no longer meets the consumer expectations.

US7220440 describes such a method of reducing the level of asparagine in unroasted coffee
beans comprising adding an asparagine-reducing enzyme, for example asparaginase, to the
unroasted coffee beans. This reduces the level of asparagine with a subsequent reduction in
acrylamide formation upon roasting. The method utilises an enzymatic treatment of the
unroasted coffee beans. However, the method typically results in ‘off-flavours’, which can
have a negative impact on the overall aroma and flavour profile of the final coffee product.
Furthermore, un-immobilised enzymes may be inadvertently and impermissibly retained in

the final coffee product.

More recently, it has been shown that acrylamide can be removed directly from coffee
extracts obtained from the roasted beans. EP3254568 describes the use of an adsorbent
resin for reducing acrylamide in a liquid coffee extract or soluble coffee. In this method, a
liquid coffee extract is flowed over a bed of cationic adsorbent resin to achieve a reduction in
acrylamide content. This method avoids some of the issues associated with enzyme activity
on the unroasted beans. However, the production of coffee having a specific aroma and
flavour profile is a precise and complex process, and any additional treatment step can
adversely affect the properties of the final coffee product. Therefore, treatment of the liquid
extract with an adsorbent resin can alter the aroma components present in the extract, and

consequently may negatively affect the taste of the final coffee product.

GB2514138 discloses a method for avoiding staining of a coffee foam as the result of
including finely ground roasted coffee particles in a coffee extract. The heat-holding step in
this application is performed and then the roasted coffee particles are retained in the extract.
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EP3254568 discloses a method for reducing acrylamide content of a liquid extract by
contacting with an absorbent resin.

Accordingly, it is desirable to provide an improved soluble coffee product and a method for
reducing acrylamide levels therein and in the aqueous coffee extract used to prepare it
and/or to tackle at least some of the problems associated with the prior art or, at least, to

provide a commercially viable alternative thereto.

The inventors have now undertaken work to mitigate the formation of acrylamide during the
extraction process, seeking to understand the formation pathways and identify the critical
pathways. By providing an understanding of the mechanisms that cause the reduction of
acrylamide during later stages of roasting, during storage of roast and ground coffee and
the observed increase in acrylamide occurring during the preparation of instant coffee from
roast and ground coffee beans, the inventors have been able to develop strategies to

minimise adverse changes in acrylamide during the production of instant coffee.

In a first aspect, the present invention provides a method of reducing acrylamide, i.e. a level
of acrylamide, in an aqueous coffee extract, the method comprising:

contacting an acrylamide-containing aqueous coffee extract with spent coffee
grounds at a temperature of 70 to 120°C for at least 30 minutes to form an acrylamide-

depleted coffee extract.

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 or features indicated as being preferred or advantageous.

In the inventors’ work, a series of precursors (free amino acids, reducing sugars),
intermediates (3-aminopropionamide (3-APA)) and reaction products (acrylamide, pyrazines
and pyrroles) were monitored during the extraction of five different roast and ground coffees:
Robusta very light roast, light roast, medium roast and dark roast, and Arabica medium
roast. Samples of the green beans, the roasted beans and samples taken from the primary,
secondary and tertiary extractions were analysed. In this contact a primary extraction will
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typically take place at a temperature of from 100-140°C, a secondary at 160-185°C and a
tertiary at 175-220°C.

Green beans contain sugars and free amino acids which react during roasting to form colour,
flavour and acrylamide. After roasting, these precursors are severely depleted and there is
no evidence of significant amounts of the intermediate 3-APA. In the darker roasts there is
no detectable asparagine. The more severe the roast the greater the depletion of Maillard
precursors, the greater the formation of flavour compounds such as pyrazines and pyrroles,

but the greater the degradation of acrylamide.

During the three extraction process stages, free amino acids, including asparagine, are
generated at all stages, but by the end of the tertiary process asparagine is once again
exhausted. Crucially, during the tertiary extraction, breakdown of galactomannans produces
a substantial increase in the reducing sugars, glucose and mannose. At this stage, there is
an accumulation of free amino acids, a significant increase in reducing sugars and a high

temperature. This is where most of the acrylamide is generated in situ.

The results thus showed an increase in free amino acids during all extraction stages, and
crucially asparagine, the key precursor of acrylamide, was detected in all the primary and
secondary extracts. However, a source of reducing sugars is also required for the formation
of acrylamide. The results showed that during the highest temperature stage, where the
temperature is high enough to break up the galactomannans in the coffee, there was a
significant increase in glucose and mannose. Thus in the high temperature tertiary phase
there are relatively high levels of sugars, and an accumulation of free amino acids, including
asparagine, which also promote the formation of acrylamide. Under these conditions, there
is a significant increase in acrylamide, with levels in accumulated extracts reaching 1200

ppb.

These findings support in part the observed elevated levels of acrylamide found in instant
coffee above those anticipated to originate purely from the roasting process. Key to
mitigating the formation of new acrylamide during the tertiary extraction process is
preventing the breakdown of the galactomannans. Carrying out the bulk of the extraction at
temperatures below those required to break down the galactomannans may be one way
forward. Alternatively, the time of the high temperature extraction could be extended, but this
would have an impact on the flavour of the final product, particularly the last two, where
there is likely to be a significant increase in the burnt character of the coffee.
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However, the inventors also realised that the levels of acrylamide were higher than could be
accounted for just by having conditions suitable for the formation of new acrylamide. They
theorised that acrylamide which has been chemically or physically bound in the coffee may
be also being released. Without wishing to be bound by theory, it seems that the most likely
candidate for this reversible trapping of acrylamides is thought to be melanoidins in the
coffee. These heterogeneous, nitrogen-containing, brown pigments are produced in roast
coffee and other cooked foods during the final stage of the Maillard reaction. They are
formed by cyclisation, dehydration, rearrangement, and condensation of low molecular weight
Maillard products. The chemical composition of melanoidin structures is largely unknown, due
to the complexity of the products. However, their composition will depend on polysaccharides
(galactomannans and arabinogalactans), amino acids, proteins, and phenolic compounds
(chlorogenic, caffeic, or ferulic acids) found in coffee beans. The nature of the binding could
be physical, such as inclusion within the complex melanoidin structure (cf. inclusion of small
molecules in maltodextrins) or could involve covalent links between acrylamide and the
melanoidins. Acrylamide is known to undergo Michael addition with thiol or amino groups and
this is would lead to losses of acrylamide during thermal processing. Although this reaction
was thought to be an irreversible route to acrylamide reduction the inventors found evidence
that the reaction could be reversible. If the Michael addition is reversible under high pressure
and high moisture conditions used for coffee extraction during instant coffee processing, this

would provide an explanation for the increased acrylamide in instant coffee.

The inventors realised that if the acrylamide was being released under the high
temperatures then there could be method steps which could be undertaken to cause the
acrylamide to be taken up again within the coffee melanoidins, trapping the acrylamide
away within the beans and not within the coffee extract. It was theorised that the
mechanism permitting re-uptake of the acrylamide could also be responsible for
acrylamide that appears to be lost during storage of roast coffee beans and ground coffee.
Consequently, they have arrived at a method for optimally causing uptake of the
acrylamide into the coffee melanoidins causing a drop in the levels of acrylamide in the
coffee extract and without needing to compromise the extraction process with lower

temperatures or burned flavours.

Thus the present invention lies in the use of a further heat treatment step utilising the spent
coffee beans which would otherwise be a waste product. Without wishing to be bound by
theory, it is understood that the heat treatment accelerates the rate at which the acrylamide
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in the coffee extract becomes bound with the melanodins within the spent coffee grounds.
Thus, after treatment the aqueous coffee extract has a lower level of acrylamide since this
has been retained in the spent coffee material which is then discarded, or can be used for
other purposes such as burning for energy recovery.

The present invention relates to a method of reducing acrylamide in an aqueous coffee
extract. An agueous coffee extract is a liquid solution of soluble coffee solids. An aqueous
coffee extract can be defined by its level of coffee solids and can be subjected to a drying
step to form a soluble coffee powder, also known as an instant coffee product. Preferably the
acrylamide-containing aqueous coffee extract comprises from 1 to 55wt% soluble coffee
solids. Low levels of solids make for easier processing conditions for circulating the extract
through spent coffee grounds, but higher water contents require more energy for subsequent
drying to produce instant coffee powders. Ideal solids levels for subsequent drying are 45 to
55%. Ideal levels for ready circulation are from 1 to 25%, preferably 2 to 10%.

Aqueous coffee extracts are generally produced by the extraction of roast and ground coffee
beans, though for the sake of completeness it is noted that a coffee beverage is also an
aqueous coffee extract whether it has been directly made by extraction of roast and ground
coffee or by reconstitution of a soluble coffee powder with hot water. When roast and ground
coffee is extracted with hot water it will inevitably contain some acrylamide. This acrylamide
may be produced during the roasting of the coffee beans, with levels depending on the
degree of roast. Thus some of the acrylamide in the aqueous coffee extract is simply
washed out of the roasted coffee beans on extraction with hot water. Consequently, a
coffee-shop extraction of fresh roasted coffee beans will contain acrylamide from the
roasting process.

Acrylamide is also produced in the high temperature extraction of the roast and ground
beans with hot water and steam. When industrial processes are employed to maximise the
yield from the coffee beans for producing soluble coffee powders, temperatures in excess of
175°C and even up to 260°C can be used. Conventional industrial extraction involves a
number of extraction stages with increasing temperatures, up to and including steps in
excess of 200°C. At these temperatures, especially above 175°C, it has been found that
further acrylamide is released or formed in the aqueous coffee extract.

Preferably, before being contacted with the spent coffee grounds the aqueous coffee extract
comprises at least 500 ppb acrylamide. Typical acrylamide-containing aqueous coffee
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extracts used during soluble coffee production will contain from 500 ppb to 2000 ppb
acrylamide, such as 1000 to 1500 ppb.

The method of the invention involves contacting an acrylamide-containing aqueous coffee
extract with spent coffee grounds at a temperature of 70 to 120°C for at least 30 minutes to
form an acrylamide-depleted coffee extract. That is, the aqueous coffee extract to be treated
is held with spent coffee grounds at temperatures kept within the range of 70 to 120°C for at
least 30 minutes. The holding may involve the use of a storage tank, filtering through a bed
of spent coffee beans optionally with a recirculation process, or a slurry treatment system.
When filtering through the bed, a recirculation system can ensure that the extract stays at a

suitable temperature for a suitable time while in contact with the beans.

In the present invention the extract is contacted for a time and then the contact is stopped..
That is, the spent coffee grounds are separated from the coffee extract, so that the coffee
extract can be used as normal (such as to make a soluble coffee powder). The spent coffee
grounds may be readily removed from the extract by a screening or decanting step. Many
different techniques and devices are known for use in separating coffee extracts from
roasted coffee beans. In this way the spent coffee grounds can be reused to treat further

extract, until they are enriched with acrylamide and may be discarded from the process.

Preferably, after the step of contacting an acrylamide-containing aqueous coffee extract with
spent coffee grounds, there is a further step of recovering the spent coffee grounds from the
aqueous coffee extract to provide a treated acrylamide-depleted aqueous coffee extract.
This step will preferably remove at least 90wt%, more preferably at least 95wt% and most
preferably at least 99wt% or substantially all of the spent coffee grounds.

Spent coffee grounds are a known product in the art of soluble coffee extraction. In general,
so long as roast and ground coffee still contains any extractable material which could be
obtained by a further extraction step without requiring such high temperatures as to cause
undesirable levels of off-flavour production, it will be subjected to further processing and is
not considered to be spent. Thus spent coffee grounds are the roast and ground coffee
material remaining after aqueous extraction at the point where they would ordinarily be
discarded or combusted for energy generation.

In the context of the present invention, spent coffee grounds have at least been subjected to
an aqueous extraction at a temperature of 175°C or higher, preferably 200°C or higher and
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more preferably 205°C to 240°C. Preferably the spent coffee is devoid of further useful
extractable coffee solids.

The acrylamide-containing aqueous coffee extract is contacted with the spent coffee
grounds at a temperature of at least 70°C since below this temperature the rate of
acrylamide reduction is too low for commercial use. A temperature below 120°C is used to
prevent the release or production of additional acrylamide in the extract. The processing time
is at least 30 minutes to achieve sufficient acrylamide reduction at these temperatures.
Preferably the acrylamide-containing aqueous coffee extract is contacted with the spent
coffee grounds at a temperature of from 100 to 120°C. Most preferably the temperature is
from 110 to 120°C.

Preferably the processing time is from 30 minutes to 50 hours, preferably 1 hour to 24 hours
and more preferably 2 hours to 10 hours. These time periods strike the optimum balance for
reduction without compromising the flavour and compatibility with industrial instant coffee
production. After this time period is complete, the spent coffee grounds are removed from

the aqueous coffee extract.

The amount of spent grounds required for the process depends on the amount of coffee
extract to be treated. Typically an amount of at least 1kg of spent coffee grounds can be
used to treat 100kg of coffee extract, by weight of the soluble coffee solids in the coffee
extract (i.e. on a dry basis), more preferably at least 10kg of spent coffee grounds and
preferably from 20 to 100kg of spent coffee grounds per 100kg of coffee extract.

Such a holding step, involving contacting coffee extract with coffee material at a temperature
lower than a previous extraction step is not performed in conventional industrial processing.
This is because the drive in conventional processing is to increase the yield with increasing
temperature steps and then to produce a dried powder product quickly to avoid taking up

factory space and to avoid holding times which could lead to a loss of product quality.

The method produces an acrylamide-depleted coffee extract. Preferably this comprises less
than 400 ppb acrylamide, more preferably less than 200 ppb acrylamide more preferably
less than 100 ppb acrylamide, and most preferably essentially no acrylamide. Preferably the
method reduces the acrylamide levels by at least 30%, more preferably by at least 40%,
preferably more than 75%. Levels of reduction can be more than 80%, such as 95% when
using higher temperatures and longer treatment times as shown in the examples. The
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method may have some consequence for the taste of the product, however, with higher
levels of acrylamide reduction leading to higher impacts on the taste.

Preferably the acrylamide-containing aqueous coffee extract is passed through the spent
coffee grounds in a continuous process. This is industrially efficient and allows for

continuous production of dried coffee products.

Preferably the spent coffee grounds are provided as a bed of spent coffee grounds. Use of
percolation of water through coffee beds is well known in the art, so it is straightforward to

adapt existing equipment to the treatment method described herein.

Preferably the bed of spent coffee is held in a sealed chamber, which can be optionally
maintained under a super-atmospheric pressure. This is preferably at least 1 bar above
atmospheric pressure, such as from 1 to 500Bar, preferably from 2 to 25 Bar This helps to

avoid the loss of volatile flavour and aroma compounds during the treatment.

According to a further aspect there is provided a method of producing a soluble coffee
product, the method comprising:

providing spent coffee grounds;

providing roasted and ground coffee beans;

performing an aqueous extraction of the roasted and ground coffee beans at a
temperature of from 175 to 220°C, preferably 175 to 205°C to obtain an acrylamide-
containing aqueous coffee extract;

performing the method of the first aspect using the spent coffee grounds to obtain the
acrylamide-depleted coffee extract;

drying the acrylamide-depleted coffee extract to provide a soluble coffee product.

Preferably the aqueous extraction of the roasted and ground coffee beans at a temperature
of from 175 to 220°C to obtain an acrylamide-containing aqueous coffee extract also
produces spent coffee grounds which can be used in the same or subsequent treatment of
the aqueous coffee extract to obtain the acrylamide-depleted coffee extract.

Preferably the step of drying is a step of spray-drying or a step of freeze-drying. These steps
produce a conventional soluble coffee product. Any steps normally used in the production of
such products may be used herein, including the addition of gases for foaming and reducing
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product density, and the supplementation with roast and ground coffee particles or other
beverage ingredients such as creamer or sugar.

The invention will now be described further with reference to the following non-limiting

figures, in which:

Figure 1 shows a configuration for a percolation bed with optional recirculation for
contacting aqueous coffee extract with spent coffee grounds; and

Figure 2 shows a slurry treatment system for contacting aqueous coffee extract with
spent coffee grounds.

The invention will now be described further with reference to the following non-limiting

examples.

Aqueous coffee extracts obtained by a three stage extraction process, including a final
aqueous extraction step at around 200°C were held in contact with spent coffee grounds and
their levels of acrylamide were measured before and after treatment. The reduction
observed is summarised in the table below. The normalised level is based on the starting

level of acrylamide being set to 1.

Treatment Temperature (°C) | Holding time (hrs) Normalised Acrylamide Level
120 1 0.18
120 3 0.05
70 3 0.58
70 50 0.39
37 400 0.85
37 750 0.85
37 1100 0.68
37 1450 0.52
23 400 0.92
23 750 0.92
23 1100 0.89
23 1450 0.76

As can be seen, acrylamide levels dropped for all tested samples, but only within the range
of 70 to 120°C were the treatment times within commercially viable durations.

10
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Although preferred embodiments of the invention have been described herein in detall, 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.

11
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1. A method of reducing acrylamide in an aqueous coffee extract, the method
comprising:

contacting an acrylamide-containing aqueous coffee extract with spent coffee
grounds at a temperature of 70 to 120°C for at least 30 minutes to form an acrylamide-

depleted coffee extract.

2. A method according to claim 1, wherein before being contacted with the spent coffee

grounds the aqueous coffee extract comprises at least 5 ppm acrylamide.

3. A method according to claim 1 or claim 2, wherein the acrylamide-depleted coffee

extract comprises less than 400 ppb acrylamide.

4, A method according to any preceding claim, wherein the method reduces the

acrylamide levels by at least 30%.

5. A method according to any preceding claim, wherein the acrylamide-containing
aqueous coffee extract is contacted with the spent coffee grounds at a temperature of from
100 to 120°C.

6. A method according to any preceding claim, wherein the acrylamide-containing
aqueous coffee extract is contacted with the spent coffee grounds for from 1 to 50 hours,
preferably 2 to 10 hours.

7. A method according to any preceding claim, wherein the spent coffee grounds are
provided as a waste product following aqueous extraction of roast and ground coffee at a

temperature of at least 175°C.

8. A method according to any preceding claim, wherein the acrylamide-containing
aqueous coffee extract is passed through the spent coffee grounds in a continuous process.

9. A method according to any preceding claim, wherein the acrylamide-containing
aqueous coffee extract comprises from 1 to 55wt% soluble coffee solids.

12
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10. A method according to any preceding claim, wherein the spent coffee grounds are
provided as a bed of spent coffee grounds.

11. A method according to claim 10, wherein the bed of spent coffee is held in a sealed

pressure chamber.

12. A method of producing a soluble coffee product, the method comprising:

providing spent coffee grounds;

providing roasted and ground coffee beans;

performing an aqueous extraction of the roasted and ground coffee beans at a
temperature of from 175 to 220°C, preferably 175 to 205°C to obtain an acrylamide-
containing aqueous coffee extract;

performing the method according to any preceding claim using the spent coffee
grounds to obtain the acrylamide-depleted coffee extract;

drying the acrylamide-depleted coffee extract to provide a soluble coffee product.

13. A method according to claim 12, wherein the step of drying is a step of spray-drying
or a step of freeze-drying.

13



