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Abstract−−−−−−−− The goal of this work was to find a
process to extract and separate carotene from
natural sources using supercritical carbon dioxide. A
high pressure extraction process was compared with
a combined extraction-adsorption process. The
experiments were performed with a pilot plant
which can be operated up to 50 MPa and 100°C. A
technique using an on-line photometer, was used to
estimate the concentration of carotenoids in the fluid
phase, to monitor the different steps of the process.
During the extraction of paprika powder, a time
fractionation of pigments was observed: a low
concentration fraction of free carotenoids at the
beginning of the process and an enriched esterified
carotenoid fraction at the end. With the combined
extraction-adsorption process, using silica gel as
adsorbent, a selective adsorption occurred. Red
pigments (mainly esterified carotenoid) were
adsorbed but the yellow ones (mainly free
carotenoid) remained in supercritical phase which
were collected in a separation step at lower pressure.

Keywords−−−−−−−−, Fractionation, Supercritical Fluids
Carotenoids, Paprika

I. INTRODUCTION
Carotenoids of, yellow, orange and red color are among
the most wide spread and important natural pigments.
Carotenoids are used as natural colorants for foods,
animal feeding and cosmetic products (Palace et al.,
1999). They are also the main source of vitamin A for
humans. Free carotenoid pigments together with
xanthophyll esters and other lipophylic substances
(mainly triglycerides) are extracted at industrial scale
using organic solvents to produce extracts from seeds,
fruits or flower petals which are used directly or
partially saponified in food, cosmetic and
pharmaceutical industry.

Carbon dioxide, a non-toxic, inexpensive and easily
separable solvent, has been used during the last three
decades to extract lipid compounds from natural
matrices, in order to replace traditional solvent
extraction (Eggers, 1996). Many potential applications
of Supercritical Fluid Extraction (SFE) for recovery and
fractionation of spices and its extracts have been

investigated. Extraction of carotenoids from natural
products, such as ß-carotene from carrots, algae and
palm-oil, lycopene from tomatoes, lutein from flowers,
capsanthin from paprika, has been extracted with
supercritical fluids. In all cases, not only the extraction
kinetics but also the total extracted carotenoids are
strongly depending on the extraction operating
conditions, such as temperature, pressure and specific
solvent flow.

Many experiments were carried out in order to find
the optimal conditions (e.g. extraction-separation
pressure and temperature) for carotenoids fractionation
(Jarén et al., 1999). However, no carotenoid
concentration profiles in supercritical fluids were
measured so far. In this work, a combined extraction-
adsorption process to obtain fractions of different
pigment composition is proposed. It is helpful to
understand the complete extraction-adsorption process
to optimize the operating conditions in order to reach
high carotenoid concentration.

II. METHODS

A. Supercritical fluid extraction-adsorption plant
The experiments with supercritical carbon dioxide (SC-
CO2) were performed in an extraction-adsorption plant
which was designed and build up at the Technical
University Hamburg-Harburg. The plant was sent to
Argentine to be used in the Univesidad Nacional de Rio
Cuarto. A schematic diagram of the plant is shown in
Fig. 1 and the main characteristics of the equipment are
summarized in Table 1.

Both, extractor and adsorption column, are provided
with internal sample holder (300x70 mm and 600x16
mm respectively), in order to keep the solids in a fixed
bed. A view cell (Sitec) connected to a single channel
photometer (Optek 116/AF16) is placed in the CO2
circuit (behind the extractor or adsorption column)
which allows online measurements of the pigment
concentration.


