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Residues of the oil-extracting process of oilseeds contain bioactive substances such as phenolic
compounds, which could be used as natural antioxidants for the protection of fats and oils against
oxidative deterioration. Thus, the extraction of such constituents from residual material can be
considered to contribute to the added value of these residues, which could justify their isolation. In
the present work the fat-free residues of eight different oilseeds whose oils are usable for nutritional
applications, and also as renewable resources, were extracted with 70% methanol, 70% acetone,
water, and ethyl acetate/water, respectively. The resulting extracts were investigated regarding their
content of total phenolic compounds by the Folin-Ciocalteau assay, sinapine, flavanoids, and the
UV-absorption spectra. Further, the antioxidant activity of the extracts was characterized by the DPPH
method, the â-carotene-linoleic acid assay, and ESR investigations. The fat-free residues of the
different oilseeds contained considerable amounts of extractable substances. The yields decreased
with decreasing polarity of the solvent in the order water, 70% methanol, 70% acetone, and ethyl
acetate. The ratio of total phenolic compounds to the extractable compounds ranged from 3 to 19%.
There was no significant correlation between the amount of total extractable compounds and the
total phenolic compounds (p < 0.001). All extracts showed remarkable antioxidant activities determined
with the different methods. The effects depended strongly on the solvent used for the extraction as
well as on the extracted residue. A correlation between the methods used for the characterization of
the antioxidant activity and the composition of the residues could not be shown.
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INTRODUCTION

The autoxidation of lipids, as well as the enzymatic oxidation,
during storage and processing is the major reaction in fats, oils,
and fat-containing foods responsible for the deterioration in food
quality. It affects the color, flavor, texture, and especially the
nutritive value of the foods (1).

Antioxidants are able to prevent the radical chain reactions
of oxidation by cutting in the initiation and propagation step,
which leads to the termination of the reaction and a delay in
degradation reactions. During the late 1940s the ability of
phenolic compounds to inhibit lipid oxidation was discovered.
This led to the application of synthetic antioxidants in food
industry. However, the synthetic antioxidants such astert-butyl
hydroxyanisole (BHA) ortert-butyl methylphenol (BHT) have
some critical disadvantages, because they are highly volatile,
unstable at elevated temperatures, restricted by legislative rules
(2-4), and, above all, they are suspected to have some toxic
properties. Therefore, consumers generally prefer natural anti-
oxidants for the stabilization of edible fats and oils against

oxidative rancidity. Tocopherols are the most widely applied
antioxidants of this group (5). However, since several years ago,
flavonoids have also come under investigation for use as natural
antioxidants in food preservation (6-8).

The flavonoids occur ubiquitously in food plants, because
they are important in plants for normal growth development
and defense against infection and injury. The ability of such
compounds to act as antioxidants is based on the fact that they
are able to form delocalized unpaired electrons, stabilizing the
formed phenoxyl radical after reaction with lipid radicals (9).
These properties allow the molecule to act as reducing agents,
hydrogen donator, and singlet oxygen quencher. The molecules
have also a metal celation potential (10).

Many different plant materials have recently become a major
interest of scientific research as a result of naturally occurring
antioxidants. Extracts from rosemary or sage, other herbs, spices,
cereal crops, barks, and roots belong to the well-investigated
sources for natural compounds with antioxidant activity (7, 11-
14). Such compounds are tocopherols, phospholipids, amino
acids, peptides, and phenolic compounds (5,15).

Oilseeds also contain different substances with antioxidant
activity (14, 16, 17). These are phenolic compounds such as
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hydroxylated derivatives of benzoic and cinnamic acid, cou-
marins, flavonoid compounds, or lignins (18). Although most
of the tocopherols and parts of the phospholipids are removed
during the oil-extracting process, parts of the phenolic com-
pounds remain in the fat-free residue. These byproducts of the
oil-extracting process are normally used as fodder in animal
nutrition or as fuel in thermal power stations. From an
economical point of view, the residues could be attractive
sources for different bioactive substances such as glucosinolates
or phenolic compounds, which are retained in the residues in
significant amounts. The extraction of these constituents from
residual material can be considered to contribute to the added
value of these residues, which could justify their isolation.

Very few data on the antioxidant activity of extracts obtained
from the residues of the oil-extracting process are available.
Thus, the aim of this work was to evaluate the antioxidant
activity of such extracts. For the extraction four different
solvents were used: 70% acetone, 70% methanol, water, and
ethyl acetate/water (70:30). Acetone and methanol and mixtures
of these solvents with different proportions of water were
described in the literature frequently (19-22) for the extraction
of phenolic compounds. Further on, ethyl acetate is often used
as extraction solvent with a significant selectivity in the
extraction of low-molecular-weight phenolic compounds and
high-molecular-weight polyphenols (23, 24). By addition of
water the amount of phenolic compounds as well as the
selectivity of this solvent can be increased (25,26). Especially
di- and oligomer proanthocyanidins with additional hydroxyl
groups are not soluble in the ethyl acetate phase and remain in
the water phase.

MATERIALS AND METHODS

Materials. For the investigation seeds of rapeseed (Brassica napus),
Brassica Verna, Brassica carinata, Lepidium campestre, Camelina
satiVa, mustard (Sinapis alba), crambe (Crambe abyssinica), and
sunflower (Helianthus annuus) were used. Seeds of sunflower and
rapeseed are important sources for the production of edible oils, but
the oil of these seeds is also used for industrial applications. The residues
find use in the nutrition of animals. However, the other seeds used in
this investigation are known as renewable resources for the production
of oil for industrial applications in the oleochemical industry. The
residues of these oilseeds are not suitable for the application in animal
nutrition, because of the amount and the composition of bioactive

compounds. So it is useful to think about the utilization of these residues
of the oil-extracting process.

Preparation of the Extracts. The extracts were obtained according
to the diagram inFigure 1. Approximately 40 g of seed material was
crushed and defatted by a Twisselman apparatus with 200 mL of
petroleum benzene. The fat-free residue was air-dried, and from 15.0
g of this material the antioxidant components were isolated by the use
of four different solvents. The solvents used were water, 70% acetone,
70% methanol, and ethyl acetate/water (70:30), and each was used
separately. From the immiscible mixture of ethyl acetate/water, only
the extract obtained from the ethyl acetate phase was used for further
investigations. Each residue was extracted three times with 200 mL of
the appropriate solvent. First, the extraction was carried out overnight
by shaking, and then it was repeated two times with 200 mL of solvent
by ultrasonic treatment for 45 min. The combined extracts were vacuum
evaporated to remove the solvent at 40°C and 4× 103 Pa, then weighed
to determine the extraction yield, and stored at-20 °C until use.

Determination of the Total Polyphenolic Compounds.The amount
of total polyphenolic compounds was measured by a method described
by Taga et al. (27). In brief, about 150 mg of the extract was dissolved
in 10 mL of methanol, and 2 mL of this solution was filled up with
0.3% HCl to 5 mL. A 100-µL aliquot of the resulting solution was
added to 2 mL of 2% Na2CO3 and after 2 min 100µL of Folin-
Ciocalteau reagent (Merck, Darmstadt, Germany) (diluted with methanol
1:1) was added. After a further 30 min the absorbance was measured
at 750 nm using a spectrophotometer. The concentration was calculated
using gallic acid as standard, and the results were expressed as
milligrams gallic acid equivalents (GAE) per gram extract.

Determination of Flavanoids.The determination of flavanoids was
performed according to a colorimetric assay of Delcour and de Varebeke
(28). About 150 mg of the extract was diluted in 10 mL of methanol,
and 1 mL of this solution was pipetted into a test tube. A total of 5 mL
of the chromogen reagent (1.000 g 4-dimethylaminocinnamaldehyde
(Fluka, Buchs, Germany) dissolved in a cooled mixture of 250 mL of
concentrated HCl and 750 mL of methanol, completed to 1 L with
methanol) was added to the extract solution, and after 10 min the
absorbance was read at 640 nm against a blank with water instead of
extract solution. The chromogen reagent was stable for one week in
the dark. A calibration curve was prepared with (+)-catechin, and the
results were expressed as (+)-catechin equivalents.

Determination of Sinapine. About 80 mg of each extract was
dissolved in 25 mL of methanol/water (1:1). The HPLC method for
sinapine was performed according to a modified method of Clausen et
al. (29) under isocratic conditions as described by Clausen et al. (30).
A 1-mL aliquot of the solution was further diluted 1:10 and then injected
onto a LiChrospher 60 RP-select B column (5µm) 125× 4 mm (Merck,

Figure 1. Extraction method.
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Darmstadt, Germany) used with a flow rate of 1.0 mL/min without
further purification (31). The mobile phase used consisted of 0.01 M
sodium heptanesulfonic acid, 0.01 M sodium dihydrogenphosphate, and
0.01 M dibutylamine in acetonitrile/water (2:8), adjusted to pH 2.0.
The UV-detector was set at 325 nm. Calibration and evaluation of the
method were done with sinapine thiocyanate isolated from a rapeseed
sample (32).

Determination of Antioxidant Activity with the DPPH Radical
Scavenging Method.For determination of the antioxidant activity of
different extracts, the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH)
(Sigma, Steinheim, Germany) radical was used. Determination of
scavenging stable DPPH free radicals was a very fast method to evaluate
the antioxidant activity of the extracts in a very short time. With this
method it was possible to determine the antiradical power of an
antioxidant by measurement of the decrease in the absorbance of DPPH
at 515 nm. As a result of a color change from purple to yellow the
absorbance decreased when the DPPH radical was scavenged by an
antioxidant through donation of hydrogen to form a stable DPPH-H
molecule. In the radical form this molecule had an absorbance at 515
nm which disappeared by acceptance of an electron or hydrogen radical
from an antioxidant compound to became a stable diamagnetic
molecule. The method described by Hatano et al. (33) was used with
some modifications. For each extract different concentrations were
tested. An aliquot (0.5 mL) of the DPPH solution (about 50 mg/100
mL) was diluted in 4.5 mL of methanol, and 0.1 mL of a methanolic
solution of the extract was added. The mixture was shaken vigorously
and allowed to stand for 45 min in the dark. The decrease in absorbance
was measured at 515 nm against a blank (without extract) with a
spectrophotometer. From a calibration curve obtained with different
amounts of extract, the ED50 was calculated. The ED50 was that
concentration of an antioxidant which was required to quench 50% of
the initial DPPH radicals under the experimental conditions given.

Determination of Antioxidant Activity with the â-Carotene
Bleaching Method.In this method a model system made ofâ-carotene
and linoleic acid undergoes a rapid discoloration in the absence of an
antioxidant. The free linoleic acid radical formed upon the abstraction
of a hydrogen atom from one of its methylene groups attacked the
â-carotene molecules, which lost the double bonds and, therefore, its
characteristic orange color. The rate of bleaching of theâ-carotene
solution was determined by measurement of the difference between
the initial reading in spectral absorbance at 470 nm at time 0 min and
after 60 min.

Determination of the antioxidant activity using aâ-carotene/linoleic
acid system was carried out according to the method described by Taga
et al. (34). In brief, 40 mg of linoleic acid and 400 mg of Tween 20
were transferred into a flask, and 1 mL of a solution ofâ-carotene
(3.34 mg/mL) in chloroform was added. Chloroform was removed by
rotary evaporation at 40°C. Then 100 mL of distilled water was added
slowly to the residue and the solution was vigorously agitated to form
a stable emulsion. To an aliquot of 5 mL of this emulsion, 0.2 mL of
an antioxidant solution was added, and the absorbance was measured
at 470 nm, immediately, against a blank consisting of the emulsion
without â-carotene. The tubes were placed in a water bath at 40°C
and the absorbance was measured every 15 min up to 60 min.

Evaluation of Free Radical Scavenging Activities by Electron
Spin Resonance (ESR).Direct detection of free radicals is not possible
because of their short life and high reactivity. The use of a spin-trapping
technique combined with electron spin resonance spectrometry still
allowed the determination of the identity of free radicals. The principle
of this method was that a compound was added to a sample which
reacted with the free radicals to form radical-adducts that were very
much more stable and longer-lived than the original radical species.
This technique is the only analytical method which is able to determine
free radicals directly (35). Such unpaired electrons may have a spin of
either+1/2 or -1/2. They act as small magnets in an electromagnetic
field, so that they can be detected in the ESR.

In a system consisting of hydrogen peroxide, sodium hydroxide, and
dimethyl sulfoxide, superoxide anions, hydroxyl radicals, and methyl
radicals were formed. Thus, this system can be used for the charac-
terization of the radical scavenging properties of phenolic compounds.
The determination was carried out according to the method described

by Yamaguchi et al. (36). Aliquots of 50µL of dimethyl sulfoxide
(DMSO) (Sigma-Aldrich, Deisenhofen, Germany), 50µL of 25 mM
NaOH, and 50µL of the sample solution (aqueous) were mixed in a
little tube. Then 5µL of 5,5-dimethyl-1-pyrrolin-N-oxide (DMPO)
(Sigma-Aldrich, Deisenhofen, Germany) and 50µL of 30% hydrogen
peroxide were added. The mixture was put into the flat quartz cell,
and after 10 min was set into the ESR apparatus and the scanning was
begun.

The conditions of the ESR apparatus (EMS 104 EPR analyzer
(Bruker Analytik GmbH, Rheinstetten, Germany)) were as follows:
power, 9.95; sweep width, 100; modulation [G], 2.54; sweep time [s],
21.0; filter time constant [ms], 20.5; amplification, 20; number of
sweeps, 30; receiver offset, 0; receiver phase, 0; and magnetic field
offset, 0.

RESULTS AND DISCUSSION

Amount of Extractable Compounds vs Extractable Phe-
nolic Compounds. In general the amount of extractable
substances decreased with decreasing polarity of the solvent in
the order water, 70% methanol, 70% acetone, and ethyl acetate.
The results of testing different solvents for the extraction of
phenolic compounds are given inTable 1. It was evident that
the different oilseeds contained noticeable amounts of extract-
able compounds. Additionally, it was obvious that the different
solvents used for the extraction of the fat-free residues had
different capabilities to extract substances from these residues.
There was a dependence on the sort of oilseed extracted, as
well as the solvent used for the extraction.

As the results presented inTable 1show, the extraction with
water was most effective. With this solvent, from most of the
fat-free residues of the oilseeds, the highest amounts of
compounds were extracted. So the extraction of the fat-free
residue ofBrassica carinatawith water resulted in the highest
amount of total extractable compounds. In that case nearly half
of the content of the residue could be found in the water extract
(466.7 mg/g residue). The extraction abilities of acetone and
methanol were very similar to one another, whereas the
extraction yield with ethyl acetate was only small in comparison
with that of the other solvents. The lowest level was obtained
by extraction ofBrassica carinatawith ethyl acetate. With this
solvent only 47.3 mg/g extract could be removed from the fat-
free residue of the seeds. The reason was that the use of ethyl
acetate as extraction solvent improved the selectivity of the
extraction process. Small proanthocyanidins are well soluble
in ethyl acetate, whereas especially di- and oligomer proantho-
cyanidins remain in the water phase. Because of this selectivity
of the extraction solvent, the extraction yield of ethyl acetate
was much smaller than those for the other solvents.

The amount of total phenolic compounds in the extracts
obtained with the different solvents was determined by the
Folin-Ciocalteau assay. The results of this colorimetric method,
expressed as gallic acid equivalents are shown inTable 1.
Expressed as absolute values, the extracts contained between
2.6 mg and 44.7 mg of phenolic compounds per gram of
extractable compounds. These amounts were comparable with
results described in the literature for other extracts of plant
products (14,15, 37-39). Both the plant material and the
extraction solvents influenced the amount of total phenolic
compounds.

The results of the total phenolic compounds given inTable
1 showed that crambe, extracted with different solvents,
contained the lowest amounts (3.6-16.6 mg/g) of total phenolic
compounds in the extractable compounds of the fat-free residues.
For rapeseed (4.0-21.2 mg/g) andC. satiVa(3.2-21.8 mg/g)
the extraction yields were also very small. The highest contents

3446 J. Agric. Food Chem., Vol. 50, No. 12, 2002 Matthäus



of total phenolic compounds were found forL. campestre(7.4-
44.7 mg/g) and mustard (9.2-36.5 mg/g).

The dependence of the total phenolic compounds on the
extraction solvent depicts that the smallest absolute levels were
found for extracts obtained with ethyl acetate (2.6-9.2 mg/g).
The highest content of total phenolic compounds was found in
extracts obtained with water (21.3-44.7 mg/g), and here,L.
campestrecontains nearly 45 mg/g. Methanol also showed high
extraction yields (8.1-35.6 mg/g), whereas the contents obtained
with acetone were much smaller (4.7-17.5 mg/g). Again, it
was obvious that the selectivity of the extraction with ethyl
acetate resulted in lower yields of the interesting compounds.

The ratio of total phenolic compounds to the total extractable
compounds ranged from 3 to 19% (Table 1). This meant that
in all cases between 81 and 97% of the extractable compounds
were other than phenolic compounds. The highest part of total
phenolic compounds in the total extractable compounds was
found for extracts obtained with water (5.0-19.5%), whereas
70% acetone showed the lowest share of phenolic compounds
in the extracts measured with the Folin-Ciocalteau method.
For this solvent the part of phenolic compounds in the
extractable compounds ranged from 3.6 to 7.7%. Although the
extraction yield of total extractable compounds with ethyl acetate
was very small, the part of phenolic compounds ranged from
3.3 to 15.2%.

A comparison of the results obtained from the investigation
of the total extractable compounds and the total phenolic

compounds expressed as GAE showed that there was no
significant correlation between these two characteristic features
(p < 0.001). The method for the determination of the total
phenolic compounds was based on the reaction with the Folin-
Ciocalteau reagent; this reaction was not specific for phenols
only, because other reducing compounds such as sugars or
ascorbic acid (40) can interfere. The increasing polarity of the
solvent seemed to extract increasing amounts of soluble solids,
but not inescapable phenolic compounds or flavanoids from the
residues. This meant that a high value of extractable compounds
did not necessarily correspond to a high value of phenolic
compounds.

Further Characterization of the Phenolic Compounds.For
a further specification of the phenolic compounds, the content
of flavanoids as well as sinapine was determined. Additionally
the ultraviolet-visible absorption spectrum of the extracts was
picked up.

The content of flavanoids was determined by a colorimetric
assay based upon the reaction of the A rings with the chromogen
p-dimethylaminocinnamaldehyde. Similar to the determination
of the total phenolic compounds with the Folin-Ciocalteau
assay, the reaction was specific for components with a single
bond at the 2,3 position and meta-oriented di- or tri-hydroxy
substituted benzene rings. Thus, the results of both methods
should be comparable, but as presented inTable 1, there were
great differences in the results obtained with the two methods.
Especially, the extracts fromL. campestreand C. satiVa,

Table 1. Total Extractable Compounds (EC), Total Phenolic Compounds (PC) (measured by Folin−Ciocalteau assay), Flavanoids (measured by
4-dimethylaminocinnamaldehyde reagent), and Sinapine of Different Extracts Obtained from Fat-Free Residues of Oilseeds (results are given in mg/g
extract)

EC (mg/g) PC (mg/g) PC/EC (%) flavanoids (mg/g) sinapine (mg/g)

70% methanol extract
B. carinata 223.0 13.6 6.1 7.49 99.9
rapeseed 187.3 11.8 6.3 7.96 94.6
L. campestre 311.0 35.6 11.5 128.80 0.5
B. verna 159.0 13.1 8.2 11.47 100
crambe 214.0 8.1 3.8 9.36 9.6
sunflower 102.0 16.1 15.8 12.03 0.0
C. sativa 166.7 11.1 6.6 142.79 56.5
mustard 245.0 17.6 7.2 0.97 122.1

70% acetone extract
B. carinata 192.7 9.4 4.9 9.32 129.7
rapeseed 143.3 6.6 4.6 5.20 85.6
L. campestre 150.7 7.4 4.9 72.49 1.8
B. verna 156.7 8.5 5.4 18.61 100
crambe 224.0 9.6 4.3 5.69 11.5
sunflower 110.0 4.7 4.3 11.23 0.0
C. sativa 309.3 11.1 3.6 36.15 47.5
mustard 228.0 17.6 7.7 1.21 85.5

water extract
B. carinata 466.7 36.0 7.7 2.04 17.5
rapeseed 326.0 21.3 6.5 0.74 11.7
L. campestre 229.3 44.7 19.5 3.54 0.7
B. verna 188.7 25.2 13.4 5.26 57.0
crambe 332.7 16.6 5.0 0.64 2.6
sunflower 267.3 38.8 14.5 1.45 0.0
C. sativa 275.3 21.8 7.9 11.77 9.6
mustard 247.3 36.5 14.8 0.07 32.5

ethyl acetate extract
B. carinata 47.3 3.6 7.7 8.25 37.9
rapeseed 72.0 4.0 5.5 4.19 39.4
L. campestre 59.3 8.3 13.9 47.92 0.0
B. verna 60.0 5.4 9.0 19.83 0.0
crambe 74.0 2.6 3.6 9.30 13.7
sunflower 80.7 2.7 3.3 4.49 0.0
C. sativa 58.0 3.2 5.5 59.75 0.0
mustard 60.7 9.2 15.2 2.18 60.9
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obtained with different solvents, showed considerable amounts
of flavanoids as measured with the chromogen. For the other
extracts, the amounts of flavanoids measured with this method
were smaller than the amounts obtained by the Folin-Ciocalteau
assay. Only in extracts obtained with ethyl acetate were higher
contents of flavanoids found. Other authors also found a poor
correlation between the results obtained with the Folin-
Ciocalteau assay and the method withp-dimethylaminocinna-
maldehyde (28), because substances other than flavanoids react
with the chromogen reagent and influence the results.

Sinapic acid is the predominant phenolic acid in rapeseed,
as well as in seeds of other members of the family Brassicaceae
(41,42). This phenolic acid occurs in free, esterified, glycosidic,
or insoluble-bound forms, and the most important phenolic ester
in this family is sinapine, the choline ester of sinapic acid (41).

Table 1 showed that the seeds belonging to the family
Brassicaceae contain significant amounts of sinapine. InB.
carinata,another aromatic choline ester similar to sinapine was
detected. As expected, no sinapine was found in extracts of
sunflower seeds. The amounts inL. campestreand crambe were
very small. Water and ethyl acetate were noticeably less suitable
for the extraction of sinapine.

Ultraviolet-visible absorption spectroscopy is one of the most
useful techniques available for structure analysis of phenolic
compounds. Phenolic compounds exhibit two major absorption
bands in the ultraviolet/visible region: a first band in the range
between 320 and 380 nm and a second band is in the 250 to
285 nm range. The first band represents the A ring absorption,
whereas the second band is a result of the B ring absorption.
As can be seen fromFigure 2 all extracts showed a more or

Figure 2. Absorption of extracts obtained from different oilseeds.

Figure 3. Effect of extracts on DPPH free radicals [expressed as mg extract allowing reduction of 50% DPPH] (The antiradical power of the extracts is
expressed as concentration of extract which allows the reduction of 50% DPPH. The data are presented in the form of a net and each category in the
graph has its own axis which starts in the center. All values of the same series are connected by lines.).
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less strong absorption in the range of the B ring absorption,
whereas the absorption in the range of the A ring was
remarkably smaller. Extracts obtained from ethyl acetate showed
no absorption in this region because the phenolic acids were
removed with the aqueous phase from the solvent mixture ethyl
acetate/water. Ethyl acetate was more effective in the extraction
of flavonoids, as the high absorption in the region between 250
and 290 nm showed. The absorption of the other extracts in
the range between 250 and 285 nm indicated that they contained
only small amounts of flavonoids. In fat-free residues of crambe
and L. campestre, respectively, extracted with the different
solvents, no or only very small amounts of phenolic acids were
detected by UV absorption.

Antioxidant Properties of the Extracts. Three different
methods have been used for the determination of the antioxidant
properties of the extracts isolated from the residues of different

oilseeds: DPPH free radical scavenging, inhibition ofâ-carotene
co-oxidation in a linoleate model system, and electron spin
resonance spectrometry in an H2O2/NaOH/DMSO system.

Figure 3 shows the effect of the different extracts on the
DPPH free radicals. It was obvious that the extracts of 70%
methanol and 70% acetone had the greatest antioxidant activity
on the DPPH radicals. The effectiveness of the extracts obtained
with the other solvents was a little smaller, i.e., the amount of
extract necessary for a reduction of the initial concentration of
DPPH by 50% was higher. It was conspicuous that the
antioxidant activity of the extracts obtained with the different
solvents did not obey the order ethyl acetate> water> acetone
> methanol for all seeds, but most samples followed this order.
Considering the antioxidant effect of the different extracts of
the residues it was obvious that the extracts obtained from
sunflower residues by extraction with 70% methanol and 70%

Figure 4. Co-oxidation of â-carotene in a â-carotene/linoleic acid system at 40 °C in the presence of different methanolic extracts.

Figure 5. Effect of the extracts on a â-carotene/linoleic acid system [% of â-carotene after 60 min at 40 °C].
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acetone showed the strongest effect on the DPPH radicals. In
that case only about 0.2 mg of extract was necessary to reduce
the DPPH radicals by 50%. Also having strong effects on the
DPPH radicals were extracts fromB. carinata, rapeseed,C.
satiVa, and L. campestre, extracted by the above-mentioned
solvents. By contrast, more than 3.0 mg of extract from crambe
residues, extracted by ethyl acetate or water was necessary to
get the same result. In summary, extracts of sunflower residues
were by far the most suitable for stabilization of the DPPH
radicals. From this extract only between 0.15 and 1.16 mg
extract, depending on the extraction solvent, was necessary to
reduce the DPPH radicals by 50%. Most ineffective were the
extracts obtained fromB. Vernaand crambe. From these residues
the highest amounts of extracts were necessary to reduce the
DPPH radicals.

Figure 4 indicates the decrease in absorbance ofâ-carotene
in the presence of different methanolic extracts in the coupled
system ofâ-carotene and linoleic acid. It was obvious that the
control sample, without addition of extract solution, oxidized
most rapidly. The methanolic extracts were markedly effective
in inhibiting the oxidation of linoleic acid and subsequent
bleaching ofâ-carotene in comparison with the control. Most

effective are the methanolic extracts ofB. carinata, sunflower,
C. satiVa,and rapeseed, whereas the effects of extracts fromB.
Verna and mustard were not so strong.

In Figure 5 the results of all extracts obtained from the
â-carotene/linoleic acid assay were summarized. The data are
expressed in percentage of the initial availableâ-carotene after
an incubation of 60 min at 40°C. Under these circumstances
the percentage ofâ-carotene in a control sample without extract
was 10%. The highest impact resulted from addition of extracts
obtained by extraction with ethyl acetate. After 60 min only
about 20% ofâ-carotene were decolorized. The extracts of
acetone showed the weakest antioxidant activity in theâ-caro-
tene-linoleic acid system. Apart from some exceptions the
antioxidant activity of the extracts from residues of different
oilseeds decreased in the order ethyl acetate extract> water
extract> methanol extract> acetone extract. In all, extracts
obtained fromB. carinataand sunflower with different solvents
were most effective in inhibiting the oxidation ofâ-carotene.
From these residues all extracts showed the strongest effect on
theâ-carotene-linoleic acid system, whereas extracts obtained
from L. campestre, mustard, andB. Vernahad only a relatively
small antioxidant effect.

Figure 6. Radical scavenging properties of a methanolic extract from Brassica carinata characterized by ESR.

Figure 7. Radical scavenging properties of extracts from different oilseeds characterized by ESR.
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Figure 6 shows the effect of a methanolic extract obtained
from B. carinata, desolved in water, and added to a reaction
system consisting of H2O2/NaOH/DMSO, at five different
concentrations. The influence on the signal height of the three
free radical adducts generated from combined components H2O2/
NaOH/DMSO was measured by ESR and is presented in the
figure. While the hydroxyl radical was suppressed with increas-
ing concentration of extract added, the methyl radical showed
the contrary effect: with increasing concentration of extract the
signal height increased. This led to the assumption that the
addition of extract resulted in the formation of methyl radicals.
The concentration of superoxide anions was reduced, but the
effect was not very marked.

Results of the ESR measurements of all extracts are sum-
marized inFigure 7. The extracts were added in a concentration
of 3% to the above-mentioned system and the inhibition rate
was given as a ratio between signal height caused by the extract
and signal height of a blind sample without extract. It was
obvious that all extracts were able to scavenge superoxide anions
and hydroxyl radicals in a remarkable range. In the literature it
was described that hydroxyl radicals were the major active
oxygen species causing lipid oxidation (43). In contrast to the
antioxidant effect of the extracts on superoxide anions or
hydroxyl radicals, the addition of some extracts led to the
formation of methyl radicals in the system, expressed as negative
inhibition rate. In these extracts some substances were able to
form methyl radicals.

Looking at the correlation between the amount of phenolic
compounds of the extracts obtained with different solvents from
the fat-free residues, and measured with different methods, as
well as the antioxidant activities of these extracts, it was obvious
that no correlation can be given.Table 2 summarizes the
correlation coefficients. This result was similar to those reported
in other publications in the literature (37), where no correlation
was found for the antioxidant activity of berry and fruit wines
and liquors and the phenolic compounds in these beverages. It
is also similar to the work of Kähkönen et al., who investigated
different plant extracts and found no significant correlation
between the total phenolic content and the antioxidant activity
measured as oxidation of methyl-linoleate (39). As an explana-
tion one can give the work of Singleton (44), who described
for wine the poor response of anthocyanins for the Folin-
Ciocalteau assay in comparison with that of gallic acid or
catechin. The main reason for the poor correlation between the
amount of phenolic compounds and the antioxidant activity was
probably the fact that the method determined the sum of
phenolic compounds, whereas the individual phenolic com-
pounds had very different responses on the Folin-Ciocalteau
reagent and made different contributions to the antioxidant
activity. For this reason, it could be that the amount of total
phenolic compounds did not correspond to the antioxidant
activity of the phenolic substances of the extracts. Additionally,

it was described in the literature that substances such as sugars
or ascorbic acid present in the extracts influence the results of
methods intended to register the antioxidant activity (40).
However, there were also other investigations which described
a correlation between the DPPH method and the amount of
phenolic compounds; in particular the content of flavan-3-ols
showed a high correlation with the antioxidant activity (45).
The different findings regarding the correlation between phenolic
compounds and antioxidant activity described in the literature
and also confirmed in the present paper indicate the diversity
of the great group of phenolic compounds and their different
responses to different methods for the determination of the
antioxidant activity. The sum parameters measured in this work
to characterize the extractable compounds of the residues can
give only an indication about the presence of phenolic com-
pounds. For a deeper explanation of the effects of the extracts
on the methods for the determination of the antioxidant activity
it would be necessary to characterize the individual phenolic
compounds.

CONCLUSIONS

The fat-free residues of different oilseeds, whose oil is usable
for edible applications, and also as a renewable resource, contain
considerable amounts of phenolic compounds. The extracts
obtained from these residues have remarkable antioxidant
activity, the extent of which depends on the type of residue
and the solvent used for the extraction. The investigation showed
that the amount of extractable compounds, as well as the content
of total phenolic compounds, gave no concrete indication of
the real antioxidant activity of the extracts. There is no
correlation between the amount of phenolic compounds and the
methods describing the antioxidant activity of the extracts.

More work should be done to characterize individual phenolic
compounds of the extracts of oilseeds in order to assign certain
antioxidant effects to individual compounds of the resulting
extracts.
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