
The decaffeination of tea takes place with the end-product, which has already all aroma components. The
solvent extracts caffeine, but also aromatic substances. Besides this, the tea suffers from long exposition to
wet and warm solvent. Therefore the extraction step is determining the quality of the final product.

Today mainly supercritical carbon dioxide is used as solvent. Typical extraction conditions are pressures
between 200 and 300 bar and temperatures between 10 to 80 °C. Epigallocatechine-gallate and
Epicatechine-gallate, both are valuable anticancerogenic polyphenols, are not soluble under those
conditions.

4  DECAFFEINATION OF TEA WITH PRESSURES UP TO 1000 bars

The intention of the test series was a quality comparison of  decaffeinated teas extracted at pressures of
commercial extraction (300 bar) and higher pressures (between 500 and 900 bar). The solubility of the tea-
typical polyphenols at those conditions should be determined. It is known, that some polyphenols are
soluble at higher pressures (e.g. Xanthohumol)

4.1 STARTING MATERIALS

Kenyan black tea and a Chinese green tea were used for the test series. Decaffeination is only possible,
when the tea leaves are not dry. Therefore the tea was moistened  to a water content of 26 % (by weight)
prior to extraction.

4.2 TESTING METHOD

The different humid tea types were filled into the basket, which was placed inside the extraction vessel.
Carbon dioxide flowed through the extraction material from the bottom to the top. The caffeine was
collected in the separator vessels. Water was added as entrainer to avoid drying of the humid tea during
extraction. The amount of water was adjusted according to the solubility of water.

4.3 RESULT AND DISCUSSION

•  Kenya black tea

    Initial caffeine content:  3.1 weight-%

The plant is PLC-controlled allowing complete automated operation from pressurisation to
depressurisation of the extractor. Furthermore all relevant measurements (pressure, temperature, ...) are
recorded and logged. Therefore the results are well repeatable and proceeding of extraction can be
traced afterwards well. The plant can be operated at the following conditions:

• Extraction pressure : 70 bar - 1000 bar
• Extraction temperature :   5 °C  - 120 °C
• Separation pressure : 65 bar - 300 bar
• Separation temperature : 15 °C  - 120 °C

The extraction volume of 50 litres allows extraction
of app. 20 kg raw material and therefore the
preparation of relevant product samples. The sample
is big enough to perform pilot tests for the preparation
of new recipes. Furthermore calculations of production
costs are possible. A dosing pump allows addition of
modifiers between CO2 pump and heat exchanger 1.

3  Status of the Decaffeination

Infusions of coffee and tea are popular beverages due to their flavourful and stimulating characters.
Some consumers have to avoid the intake of caffeine, which is present in both drinks. Decaffeinated
products have been developed for those people.

The caffeine is removed from coffee or tea by means of solvent extraction. In the case of coffee usually
the green coffee beans are treated. Caffeine is reduced to the desired level. After this processing step the
beans are roasted to develop the typical flavour and aroma components. Nearly no sensory difference
can be detected between regular and decaf coffee.

1  INTRODUCTION

Most of the commercial production plants work at moderate pressures lower than 300 bars. The design
pressure is limited to app. 500 bars because equipment costs augment disproportionaly with raising
pressure. From literature it is well known that with ascending pressure density as well as the dielectic
constant of CO2 are increasing thus the solubility for different components is enhanced. Through the
change of interactions at higher pressures molecules, which are difficult to dissolve at lower pressures
will be allowed to be extracted. This paper describes a test series for the decaffeination of tea in a pilot
plant which was built in order to be able to examine new extraction areas, system-dependent
requirements, special chemical engineering features and economic effects.

2  DESCRIPTION OF THE 1000 BAR PILOT PLANT

Figure 1:  Flow-sheet of the pilot plant

The plant design is shown in Figure 1. The pump compresses the CO2 to the desired pressure and the
solvent is tempered to extraction conditions in the heat exchanger 1. The carbon dioxide flows either
from the bottom to the top of the extractor or vice versa. When operating with fractionating separation,
the load gas is depressurized at the PCV1 (pressure control valve) to the separation pressure of the first
separation step. Temperature adjustment (heating or cooling) follows in heat exchanger 2. Due to the
now lower solubility parts of the dissolved substances fall out and are collected in separator 1. At the
PCV 2 the gas pressure is finally reduced to the CO2 storage pressure and the carbon-dioxide is set to
the required temperature of the second separation step by heat exchanger 3. The substances still soluble
in separator 1 precipitate in separator 2. It is also possible to extract within an extraction cycle at
different conditions (pressure and / or temperature) and collect the resulting extracts separately in the
two separation vessels (fractionating extraction). The regenerated solvent is then liquified in a
condensor, subcooled and recirculated to the CO2 pump.
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Figure 2:
Filling 1000 bar extractor with basket

It is known, that higher pressures improve the solubility of caffeine. The reduction of the feed ratio was
therefore expected. Reduction of app. 65 % is possible. Sensorial evaluation showed, that the aroma
impact was improved remarkable. Compared with commercial extraction aroma components were
removed to a much smaller amount. The content of the healthy tea-polyphenols (Epigallocatechine-gallate
and Epicatechine-gallate) did not decrease from starting material to decaffeinated tea.

5 CONCLUSION

The quality of decaffeinated tea can be improved, when applying higher pressures during extraction. The
next step is to evaluate the economics of the proposed process.
The trials showed, that improvements in supercritical CO2 extraction are possible, when applying
pressures up to 1000 bar. Besides this, higher extraction pressure offers a chance for the extraction of high
grade and expensive specialities, like as food additives and raw materials for the production of Functional
Food.

www.nateco2.de

Heat exchanger 3

Supercritical CO2 with
solved material

Separator 2

Heat exchanger 2

Extract 1st
fraction

Extract 2nd
fraction

Condensor:
liquefies CO2

Pure liquid CO2CO2-pump

Pure supercritial CO2

Separator 1

Dosing pump for modifiers

Subcooler

Extractor

PCV 2PCV 1

Heat exchanger 1
CO2 storage

Extraction pressure 300 bars 300 bars 800 bars

Extraction temperature 66 °C 66 °C 66 °C

Feed ratio (kg CO2 /kg tea) 260 105 105

Caffeine content after extraction 0.22 weight-% 0.58 weight-% 0.15 weight-%

Extraction pressure 300 bars 300 bars 900 bars

Extraction temperature 66 °C 66 °C 66 °C

Feed ratio (kg CO2 /kg tea) 260 95 95

Caffeine content after extraction 0.15 weight-% 1.11 weight-% 0.04 weight-%

•  Chinese green tea

    Initial caffeine content:  2.9 weight-%


