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Abstract

Fractions from seeds of coriander (Coriandrum sativum) were obtained by extraction with supercritical carbon
dioxide in a semicontinuous lab-scale equipment, and were tested for their antioxidant activity. Initially, the essential
oil was removed from the herbal material by extraction with low density (0.60 g/ml) CO2. Then the seeds were
further extracted with high density (0.73–0.83 g/ml) CO2 at pressures from 116 to 280 bar and temperatures from
311 to 331 K. The antioxidant activity of the fractions was determined by measuring their ability to remove the free
radicals present in a methanol solution of 1,1-diphenyl-2-picrylhydrazyl (DPPH). The extracts exhibited a significant
activity, comparable to that of commercial antioxidants. These results indicate that supercritical extraction is a
promising processing alternative for producing odorless and tasteless antioxidant fractions from coriander seeds.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Fats and oils present in many food and cosmetic products may easily deteriorate due to oxidation, in
a chain of reactions in which free radicals are formed, propagated and finally converted into stable oxy-
genated compounds, which are responsible for off-flavors and other undesirable characteristics. Although
synthetic antioxidants such as butylhydroxytoluene (BHT) and butylhydroxyanisole (BHA) have been
commonly used to prevent such reactions, the increasing demand for “natural products” that are free from
chemical additives, which is one of the most important consumer trends in the mentioned industries, has
motivated the use of a number of natural antioxidants such as tocopherols, flavonoids and terpenoids.

Antioxidants also play an important role in the human metabolism. Normally, the human body maintains
a balance between the amount of antioxidants and oxidation intiators (i.e. free radicals) by simultaneously
producing both, as a result of metabolic processes. When an imbalance of these two types of compounds
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is present, a phenomenon known as “oxidative stress” is induced. This phenomenon is believed to be
an important part of the natural aging process, and plays a significant role on some health problems
like artheriosclerosis, and rheumatism [1]. The nutraceuticals industry has thus introduced several natural
antioxidants as diet suplements. The development of such natural products, specially from herbs matrices,
is an exciting and fast growing field.

Several research groups around the world have succeeded in finding and identifying natural antioxidants
from herbs and spices [2–5]. It is well known, for example, that herbs from the Labiatae family, such as
thymus and rosemary [6], and other plants such as sage and cloves, are a source of antioxidants. Many of
the products from these and other plant species, however, possess characteristics which impair their use in
several applications. For example, eugenol, the antioxidant obtained from cloves, has a strong odor. Other
natural antioxidants are not easily separated from the herbaceous essential oil, which is responsible for
flavor and odor. Supercritical fluid (SCF) extraction has been used by several research groups to overcome
these limitations. In principle, by manipulating pressure and temperature it is possible to finely control
the solubility of the compounds present in the herbal material and thus it may be possible to produce
superior products.

Our group has been studying the production of antioxidant fractions from herbaceous matrices by
SCF extraction. In this paper we report on our results for seeds of coriander (Coriandrum sativum).
Encouraging results were already obtained by another group for leaves of this plant by using conventional
solvent extraction [4]. By using SCF extraction, our objective was to study the feasibility of separating
antioxidant fractions from the essential oil, and to determine the antioxidant activity of the extracts.

2. Experimental apparatus and procedure

Fig. 1 shows a schematic of the SCF extraction apparatus that was built in a previous work [7] and was
used in this research. Commercial CO2 is loaded into a high pressure cylinder (1260 ml, rated for 480 bar),

Fig. 1. Schematic of experimental apparatus.
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which is located in an isothermal bath and is used as a thermal pump. During loading, the cylinder is
kept at 281 K. Then, the CO2 is compressed by heating up the bath to a temperature appropriate for
obtaining the desired pressure. Once this pressure has been reached, the CO2 from the cylinder is passed
through a 16 ml extraction cell (Keystone Scientific) previously loaded with the herbaceous material.
The extraction cell has stainless steel frits on both ends to uniformly distribute the entering CO2 and to
prevent entrainment of solid particles by the fluid. The cell is maintained at the operating temperature by
using a second isothermal bath. The extract is collected continuously in a 4 ml glass vial located in a third
isothermal bath, and is kept at 298 K to prevent plugging due to solidification of the extract or the CO2

during the expansion of the SCF. The CO2 flow rate is controlled by using a stainless steel capillary as
flow restrictor and is set to 0.08 kg/h in this study. More details of this apparatus are provided elsewhere
[8].

Coriander seeds that are commercially available are used. The dried seeds, which have a moisture
content below 5 wt.%, are ground to an average particle size of 1.015 mm and are subjected to a series
of extractions with supercritical CO2 in the apparatus described above. Initially, the SCF extraction is
performed at 100 bar and 313 K. At these conditions the CO2 density is close to 0.6 g/ml and mainly
the essential oil present in the seeds is extracted [9]. After SCF extraction the seeds are removed from
the apparatus and are further extracted with ethanol in a Soxhlet apparatus. Extracts resulting from both
operations, i.e. the essential oil from SCF extraction and the Soxhlet extract, are then tested for their
antioxidant activity.

3. Antioxidant activity of the extracts

Several tests for antioxidant activity have been presented in the literature [10]. We used the one proposed
by Brand-Williams et al. [11], which has been recommended as a superior technique because of its
precision and simplicity [10]. In this technique, a strongly colored solution of a free radical is treated with
a solution of the extract whose activity is under test. If the extract is active it reacts with (sequester) the
free radical and the extent of reaction can be followed by spectrophotometry. 3.9 ml of a 6.5 × 10−5 M
solution of 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical in methanol was used in each test. 0.1 ml
of a 0.1 g/ml methanol solution of the extract was added and the absorbance at 515 nm, which is the
wavelength at which DPPH presents the maximum absorbance, was determined at several times by
using a spectrophotometer (Spectronic 21, Milton Roy Co.). The results were positive if the measured
absorbance was observed to decrease with time. The closer the final absorbance to zero, the larger the
antioxidant activity of the extract. For comparison, we used eugenol as standard, with a eugenol/DPPH
molar ratio of 0.5. Chromatographic-grade methanol was used as solvent without further purification.
No interference of ethanol from the Soxhlet extraction in the absorbance readings was observed. Fig. 2
shows the results of the antioxidant activity test for the Soxhlet extract and for eugenol. Note that the
compounds remaining in the herbaceous material after extraction of the essential oil with supercritical
CO2 are capable of reducing the absorbance and thus the amount of DPPH free radicals up to 30%. In
contrast, samples of the essential oil obtained by SCF extraction did not exhibit any antioxidant activity.
This indicates that the active compounds present in the coriander seeds are not significantly present in
the essential oil and remain in the herbaceous matrix after SCF extraction with CO2 of low density (ca.
0.6 g/ml).
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Fig. 2. Results of the antioxidant activity test.

4. Effect of the SCF extraction operating conditions

A set of experiments was conducted to study the effect of the SCF extraction operating conditions
on the yield and activity of extracts from coriander seeds which previously had been contacted with
low-density CO2 to remove their essential oil. Fig. 3 shows the 22 augmented factorial experiment that
was planned. The independent variables considered were extraction temperature and CO2 density. For
every combination of these two variables, we determined the operating pressure by using the Bender
equation of state [12], which was specifically developed for CO2. We considered temperatures from 311
to 331 K, CO2 densities from 0.725 to 0.831 g/ml and pressures from 115.5 to 279.5 bar. Other variables
that affect the process like extraction time, average particle size, and solvent flow rate were set at 60 min,
1.015 mm and 0.08 kg/h, respectively, and were kept constant for all the experiments. The central point in
the experimental design was run several times to obtain an indication of the experimental reproducibility.

Fig. 3. 22 augmented factorial experiment that was planned.
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Table 1
Yield of extracts produced by SCF extraction

Experimenta Pressure (bar) Temperature (K) Yield (wt.%)

1 279.2 331 1.098
2 179.2 311 0.880
3 115.5 311 1.428
4 187.9 331 1.918
0 177.5 321 1.997
0 177.5 321 1.849

a Refer to Fig. 3 for experimental nomenclature.

Table 1 shows the extraction yields for the experimental runs described above. Small variations in yield
from one run to another are mainly due to experimental difficulties regarding collection of the small extract
amounts that are produced, and are not significant as compared to the experimental uncertainty. However,
note that the reported extraction yields are in several cases close to 2.0 wt.%, which is considered a high
yield in the area of natural products.

When the extracts were subjected to the antioxidant test, curves similar in shape to those showed in
Fig. 2 were obtained. Fig. 4 shows the results from the antioxidant test expressed as percentage of DPPH
free radical removed after 300 min. All the extracts produced by SCF extraction exhibited a significant
antioxidant activity. Note that two of the extracts, denoted as “0” and “4” in the experimental design (see
Fig. 3 and Table 1), showed the highest activity, 55.7 and 57.4% removal of the free radical, respectively.
In comparison, eugenol removed 95% of the initial DPPH free radicals. We believe these results are
meaningful because we are looking at the activity of the crude extracts, with no further purification of
the compounds responsible for the antioxidant activity.

In principle, by manipulating the conditions of temperature and pressure of the SCF after the extraction
has been conducted, it may be possible to concentrate the active compounds. However, before a com-
mercial product can be prepared, a study on the toxicity and chemical characterization of the extracts has

Fig. 4. Antioxidant activity of extracts expressed as percent removal of DPPH after 300 min (refer to Table 1 and Fig. 3 for
experimental nomenclature).
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to be conducted, and an understanding of the thermodynamics involved in the extraction and separation
processes is necessary. The latter is complicated by the fact that the extracts contain a high number of
multifunctional compounds, many of them unknown, for which no estimation technique of their thermo-
dynamic properties has been developed. Given the fast growing demand for this type of products, this is
a challenging area where chemical engineering thermodynamics can contribute.

5. Conclusions

Fractions from coriander seeds obtained by SCF extraction exhibit a significant antioxidant activity, as
determined by removal of DPPH free radicals larger than 50% after 300 min. In addition, high extraction
yields (close to 2 wt.%) are obtained. The SCF extraction operating conditions are moderate, in the range
of 183–326 K, with a CO2 density in the range of 0.74 g/ml. These results indicate that there is a potential
for developing further studies regarding concentration, chemical characterization, and purification of the
active compounds. These activities are currently underway in our laboratory.
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