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1. INTRODUCTION

Removal of stimulants like caffeine from (green) coffee beans and black tealeafs is practised since the beginning
of the century because of potential health hazards to consumers. Since about 15 years supercritical Carbon
dioxide is used as solvent.

 State of the art:

Theobromine and caffeine can be extracted from cacao nibs with CO2 after swelling of the nibs with
water without affecting the concentration of cacao butter [EP 61 017] (these results could not be verified
in our tests) 
Theobromine and caffeine can be extracted from cacao nibs with CO2 adding ethanol as cosolvent in
much shorter times. Simultaneously cacao butter is extracted [Li et al.] (this procedure is not suitable
because of the coextraction of valuable cacao butter)

Theobromine and caffeine can be extracted from cacao shells with CO2 after swelling the shells with water.
Large quantities of solvent are to be cycled [Brunner et al)

2. EXPERIMENTAL EQUIPMENT

Tests have been performed in a lab scale plant with extraction vessels with a volume up to 1 litres. For scaling
up procedure a pilot plant with extraction vessels with volumes of 200 l has been used.



 

 3. TEST PROGRAM

 For the tests roasted cacao nibs have been used with the following composition:

Theobromine
% w/w

Caffeine
% w/w

Theophylline 
% w/w

cacao
% w/w

1.17 0.12 traces 52

 

The effects of parameters influencing the solubility of the components in the solvent like

extraction pressure
extraction temperature
addition of entrainers
composition of the entrainer

the diffusion in the cells to the surface like

swelling with water
grinding

have been investigated in screening tests. Also their consequence on the extraction time has been evaluated.

3.1. SCREENING TESTS

3.1.1. Influence of the extraction pressure



From our experience in the decaffeination of coffee and tea and the extraction of oils and other valuable
ingredients from natural materials it has been deducted that pressures between 250 and 400 bars will be suitable
für the extraction of the nibs. Because of the limiting design pressure of larger production plants for all tests the
extraction pressure was fixed to 300 bars.

 3.1.2. Influence of the extraction time (solvent flow)

extraction temperature [°C] 60

relative solvent flow [kg/kg] to be varied

entrainer water and ethanol

composition of the entrainer 1:1

pre-treatment of the raw 
material

swelling of the nibs with water to a contentof 20 % w/w, no 
grinding

Result:

Caffeine can be reduced nearly completely with a comparatively small quantity of solvent (below 150 kg/kg).
Theobromine can be reduced to 1/3 of its original concentration only with large quantities of solvent (more than
300 kg/kg) under the applied conditions. Cacao butter is lost to a considerable and not tolerable extent.

 3.1.3. Influence of the extraction temperature

extraction temperature [°C] Variation: 60, 90 and 110

relative solvent flow [kg/kg] 150

entrainer water and ethanol composition

composition of the entrainer 1:1

pre-treatment of the raw material swelling of the nibs with water to a contentof 20 % w/w, no 
grinding

extraction 
temperature

Theobromine 
% w/w or 
reduction 

Caffeine
% w/w or 
reduction 

Theophylline
% w/w or 
reduction 

cacao butter
% w/w or 
reduction 

starting material 1,17 0,12 traces 52

60 °C 50 % 95 % not detectable 15 %

90 °C 60 % 95 % not detectable 20 %

110 °C 85 % not detectable not detectable 35 %



Results:

Higher extraction temperatures favour the reduction of the xanthines, unfortunately also the loss of cacao
butter. For the following tests 90 °C have been applied.

 3.1.4. Influence of the entrainers and their composition

extraction temperature [°C] 90

relative solvent flow [kg/kg] 150

entrainer Variation: no entrainer, H2O and EtOH

composition of the entrainer Variation: 1 : 1 and 1 : 2 

pre-treatment of the raw 
material

swelling of the nibs with H2O to a content of 20 % w/w, no 
grinding

entrainers and 
pre-treatment

Theobromine 
% w/w or 
reduction 

Caffeine
% w/w or 
reduction 

Theophylline
% w/w or 
reduction 

cacao butter
% w/w or 
reduction 

starting material 1,17 0,12 traces 52

water swelling 5 % 90 % tracec 15 %

H20:EtOH=1:1 60 % 98 % not detectable 20 %

H20:EtOH=1:2 38 % not detectable not detectable 20 %

Result:

Extraction of dry nibs with pure CO2 increases the concentration of the ingredients apparently. In reality the
quantity is kept unaltered and the concentration gets higher because of the loss of cacao butter (this is contrary
to the results of Li and Hartland). Independently to the pre-treatment and to the composition of the co-solvent
the reduction of caffeine reaches about 90 %. Theobromine is reduced remarkably only with ethanol as
co-solvent. Only with the knowledge of later tests the worse reduction of theobromine at a composition of the
co-solvent of 1 : 2 water:ethanol can be understood: The concentration of ethanol in CO2 becomes too small.
For the following tests a extraction temperature of 90 °C, a relative solvent flow of 150 kg/kg and a ratio
H2O/Ethanol 1 : 1 has been applied.



 3.1.5. Influence of a pre-treatment of the starting material: swelling with water/grinding

pre-treatment of the raw material Variation: (no) swelling of the nibs with H2O to a content of 20 
% w/w, (no) grinding

 pre-treatment Theobromine 
% w/w or 
reduction 

Caffeine
% w/w or 
reduction 

Theophylline
% w/w or 
reduction 

cacao butter
% w/w or 
reduction 

starting material 1,17 0,12 traces 52

swelling, no 
grinding

60 % 98 % not detectable 20 %

swelling, grinding 42 % 95 % not detectable 18 %

no swelling, no 
grinding

63 % 98 % not detectable 20 %

Results:

 Pre-treatment of the nibs with water slightly impairs the reduction of theobromine. Caffeine removal is not
affected.

The effect of grinding may be unexpected on a first glance. One can speculate that grinding smears over the
cacao butter thus preventing to some extent the diffusion of the xanthines concentrated in the solid parts of the
nibs.

 3.1.6. Conclusions from the screening tests

Xanthines like theobromine and caffeine can be extracted out of (roasted) cacao nibs using CO2
and a mixture of water and EtOH as entrainer. With dry CO2 the xanthines cannot be removed.
Caffeine can be reduced to about 10 % of its original level with solvent flow of less than 70 kg/kg
starting material. The addition of EtOH as cosolvent wouldn´t be necessary but accelerates the process.
Reduction of theobromine needs water and ethanol as cosolvents and a solvent flow of at least 150 
kg/kg.
Water acts as inhibitor for the extraction of cacao butter, but some losses cannot be avoided. Without
water as cosolvent, butter and xanthines are extracted simultaneously. Therefore it is preferred to inject a
mixture of water and ethanol to CO2 before it enters the extraction vessel.
Higher extraction temperatures favour the extraction velocity thus the flow of solvent can be diminuished
for a fixed level. A maximal temperature of 90 °C seems to be suitable without causing deteriorations of
the nibs.
Swelling of the starting material does not improve the extraction.
Grinding also does not improve the extraction.

 

3.2. OPTIMISATION TESTS

The results of the screening tests are elucidating that caffeine can be removed sufficiently but the reduction of
theobromine needs too much solvent. As potential candidate for improvements the increasing of the
concentration of the cosolvents in CO2 seemed to be attractive in the screening tests.

3.2.1. Influence of higher concentrations of ethanol in CO2



extraction temperature [°C] 90

relative solvent flow [kg/kg] 150

 entrainer H2O and EtOH

composition of the entrainer and concentration in 
CO2

Variation: CO2 saturated with H2O,
EtOH concentration changing

pre-treatment of the raw material no swelling, no grinding

 3.2.2. ConcIusions from the optimisation tests

Increased concentrations of ethanol in CO2 accelerate the reductions of the xanthines considerably. Caffeine is
removed completely. Unfortunately the loss of cacao butter is large. Additional tests have shown that the
reductions received in the test with a concentration of 6,9 % ethanol can be balanced with smaller
concentrations of 5,3 % ethanol only in twice the time. Higher temperatures would even reduce the extraction
time but the limit will be close to 90 °C because of possible damage of the nibs.
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