
Introduction

Oil crops [1] and mainly rapeseed are one of the most
important sources of feed and energy in Europe. The plant
is estimated to be significant as a valuable material for pro-
cessing in different branches of industry, mainly because it
is a renewable source producing no water pollution, its pro-
duction is easy, and it can be a new income source for agri-
culture [2]. Nutrition properties together with attractive
color and thermal stability of rapeseed oils used for roast-
ing are important factors determining oil usability in the
food industry [3]. Carotenoids are responsible for the
attractive colour of oil and are assumed to play a significant
role in protection against attacks by free radicals, while
chlorophylls are technically undesirable due to the unat-
tractive smell and the visual darkening of the oils [4].
During the past decade a massive range of experiments has
been conducted on glucosinolates that, similar to
carotenoids, may act as antioxidants and serve as a good
source of nutraceuticals [5-7]. In the case of the fuel indus-

try the required raw material should be characterized by a
low content of pigments, stable oil composition, and rela-
tively high thermal stability [8-10].

In the present work we made an attempt to classify the
rapeseed material stored over long periods by physico-
chemical parameters in order to estimate the most adequate
starting condition features for further processing.

Materials and Methods

Experimental Material

Experimental material consisted of 0.5 kg samples of
industrial rapeseeds from the Oil Plant in Bodaczów, taken
randomly from the bulk raw material supplied by 17 differ-
ent contractors (marked in lines from 1 to 17). All the sam-
ples were from the Lublin area (southeastern Poland) and
consisted of a mixture of different varieties of winter seeds
(Bazyl, Bojan, Californium, Cabriolet, Casoar, Kaszub,
Lisek, and Libomir) collected by individual suppliers.
These cultivars are registered in The National Catalogue of
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Agricultural Plant Varieties and also in the Common
Catalogue of varieties of Agricultural plant species as PL
619, PL 611, PL 554, PL 554, PL788, and PL 205 [11].
Seeds were collected according to PN-EN ISO 542/1997
standard and stored under laboratory conditions at 19- 22ºC
and 60-70% humidity for 1, 2, or 3 years (samples were
marked in columns as 1, 2, or 3, respectively). Rapeseed oil
was pressed on a laboratory pressing stand using a
HYBREN 6 worm extruder equipped with micrometric
mesh strainers. The process of pressing started after stabi-
lization of the press temperature. After pressing of c.a. 1.5
kg of raw material the temperature of extruder reached
70ºC. The temperature was measured with a TP6 laser
pyrometer. Oil was stored at 5ºC until used for analysis.

Physicochemical Characteristics 
of the Rapeseeds

Humidity, crude fat and sulphur-containing species (S-
species) of the rapeseeds (in %) were determined using an
Omega 10 UV-Vis-NIR Bruins Analyzer equipped with 10
interference filters for organic substances. The instrument
was provided with internal standard for the rapeseeds. 

The obtained value was the arithmetic mean from 3 inde-
pendent measurements under condition that the admissible
error was not higher than 0.5% of the measured value.

Determination of Chlorophylls and Carotenoids

Chlorophylls and carotenoids were determined spec-
trophotometrically in the freshly pressed oil using a dou-
ble-beam Varian Model Cary 300 Bio spectrophotometer.
Samples of oils were diluted 5x in acetone and the spec-
trum measured between 350 and 700 nm. Concentrations
of chlorophylls a (chla) and b (chlb) and total carotenoids
(Car) in μg/ml from 3 independent samples were calculat-
ed according to the procedure of Lichtenthaler and
Buschmann [12].

Determination of Products of Lipid Peroxidation
(TBARS)

Oils were subjected to thermal-induced oxidation. Oils
in ceramic vials were heated at 125ºC. Freshly pressed oil
was used as control. TBARS assay was used to assess
lipid peroxidation using the method of Bar-Or et al. [13],
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Table 1. Physicochemical parameters of the rapeseeds determined from the seeds from 17 different contractors stored for 1, 2, or 3
years.

1 2 3

Sample
Humidity 

[%]
Crude fat 

[%]
S-species

[%]
Humidity

[%]
Crude fat 

[%]
S-species

[%]
Humidity 

[%]
Crude fat 

[%]
S-species

[%]

1 6.69 44.58 8.13 8.14 41.87 14.65 7.05 42.23 11.95

2 6.71 41.99 13.48 7.99 42.51 11.04 6.49 43.08 9.95

3 7.03 41.39 13.02 8.04 42.07 11.41 7.15 43.25 10.95

4 7.18 43.45 10.14 8.14 41.78 11.72 7.08 42.42 10.64

5 7.15 43.39 10.92 7.48 42.30 12.57 6.70 43.28 10.52

6 6.90 42.05 11.15 7.39 42.68 13.22 7.45 42.10 11.04

7 6.82 41.94 13.83 6.93 42.25 11.91 7.23 41.68 12.65

8 6.57 44.11 8.49 7.44 43.06 11.71 6.78 42.28 10.75

9 6.91 42.91 11.42 6.60 41.11 11.81 7.25 42.49 12.78

10 7.23 42.79 11.05 7.91 42.99 10.11 7.39 42.32 11.84

11 6.81 41.98 13.82 7.80 41.50 12.83 7.33 41.68 11.57

12 7.43 41.36 12.50 9.40 42.67 10.31 6.46 41.69 11.32

13 6.91 41.84 12.07 7.73 42.81 10.44 7.02 42.51 12.37

14 7.33 42.18 10.93 7.38 44.03 10.48 7.39 41.19 11.05

15 7.28 41.98 12.83 7.55 43.12 8.62 7.23 43.08 12.60

16 7.22 42.97 10.48 7.33 42.36 12.91 6.11 42.69 11.69

17 6.56 43.35 12.11 7.64 42.24 11.81 6.95 42.89 10.94

Mean±S.D. 6.98±0.27 42.6±0.94 11.55±1.67 7.70±0.60 42.43±0.69 11.62±1.41 7.00±0.39 42.40±0.61 11.45±0.83

The obtained values are the arithmetic mean from 3 independent measurements under the condition that the admissible error was not
higher than 0.5% of the measured value.



with a few modifications. The total volume of reaction
mixture was 1.57 ml and contained 0.14 ml 5N HCL, 0.28
ml of 40% trichloroacetic acid (TCA), 1.11 ml of 0.5%
thiobarbituric acid (TBA) and 25 μl of oil sample and vor-
texed for 1 min. The ethanol solution of butylated hydrox-
ytoluene (BHT) was added to the sample at a final con-
centration of 0.01%. Samples were heated for 10 min on
a boiling water bath and then cooled to room temperature.
A double-beam spectrophotometer was applied to mea-
sure the absorption spectrum between 400 and 600 nm.
The baseline contained all the reaction components apart
from oil. The absorbance difference between 600 and 535
nm was used as a TBARS value. The value of molar
extinction coefficient 1.56·105 M-1·cm-1 was used for cal-
culations [13]. Measurements were done in three repeti-
tions.

Statistical Analysis

The mean values ±S.D. (standard deviation) for all the
determined parameters were calculated. The differences
between the mean values were investigated using t-student
test (P≥0.05). The analysis of correlation between the
experimental data was performed using standard methods
supplied with the MS Excel 2003 Analysis Tool Pack. 

Results and Discussion

Table 1 shows the physicochemical parameters of the
raw rapeseeds. For all the seeds except 2 samples the tech-
nological quality requirements for the 6-8% level of humid-
ity and minimal content of crude fat were met [14, 15]. No
statistical differences in humidity and crude fat was found
between the samples stored for periods up to 3 years. The
obtained content of sulphur-containing species (with glu-
cosinolates) in seeds accounts for the amount lower than 25
μg/g of oil, which is the level required under current
requirements (estimated by gas chromatography; unpub-
lished report from laboratory of Oil Plant in Bodaczów).

On one hand, high glucosinolate content is a negative
feature. On the other hand, glucosinolates are extensively
examined for their bioactive actions such as antioxidant and
anti-cancer activity [7]. As seen from our experiments, the
level of sulphur-containing species stays unchanged even
when relatively long storage times are applied. This gives
useful information, that in spite of improper quality for food
industry, the seeds can be used as a source of nutraceutical
substances [5-7, 16].

Table 2 shows the detailed analysis of carotenoid and
chlorophyll content in oils. Samples were characterized by
a differentiated content of chlorophylls and carotenoids.
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Table 2. Chlorophyll and carotenoid content of the seeds from 17 different contractors stored for 1, 2, or 3 years.

1 2 3

Sample
Chla

(mg/ml)
Chlb

(mg/ml)
Car

(mg/ml)
Chla

(mg/ml)
Chlb

(mg/ml)
Car

(mg/ml)
Chla

(mg/ml)
Chlb

(mg/ml)
Car

(mg/ml)

1 3.03±0.09 0.68±0.19 4.34±1.17 3.94±0.08 1.19±0.17 5.55±0.24 1.92±0.10 0.49±0.08 4.54±0.06

2 3.99±0.33 0.78±0.48 6.65±0.88 1.20±0.23 0.28±0.13 3.45±0.41 1.62±0.25 0.09±0.09 6.29±0.43

3 7.01±0.26 2.78±0.05 4.96±0.89 4.32±0.66 0.97±0.17 5.33±0.22 2.92±0.15 0.63±0.33 4.81±1.15

4 1.74±0.15 1.06±0.26 4.67±0.29 0.63±0.11 0.20±0.18 3.00±0.72 4.18±0.18 0.81±0.13 8.01±0.54

5 5.27±0.37 2.01±0.36 4.74±0.89 4.98±0.15 0.63±0.13 6.16±1.06 2.19±0.12 0.43±0.06 6.17±0.61

6 2.84±0.36 1.23±0.07 4.87±0.58 2.45±0.14 0.66±0.12 4.80±0.04 2.69±0.03 0.27±0.05 5.94±0.07

7 2.99±0.24 2.28±0.37 5.01±0.33 3.08±0.35 0.71±0.13 5.43±0.76 2.57±0.04 0.44±0.37 6.97±0.95

8 7.50±0.22 3.04±0.08 3.97±0.39 6.08±0.22 1.14±0.10 4.73±0.09 2.31±0.26 0.49±0.11 4.70±0.11

9 3.14±0.10 0.80±0.42 6.74±0.64 1.37±0.20 0.27±0.13 3.55±0.31 2.10±0.04 0.39±0.12 5.68±0.28

10 3.19±0.19 0.49±0.08 8.06±0.83 3.36±0.26 0.60±0.08 5.42±0.55 3.55±0.16 0.59±0.36 6.62±0.14

11 4.78±0.03 1.34±0.33 5.62±0.37 4.79±0.35 1.13±0.09 6.62±0.03 2.74±0.04 0.44±0.07 6.92±0.17

12 4.75±0.42 1.08±0.20 6.33±0.53 4.36±0.82 0.83±0.36 5.90±1.44 3.44±0.26 0.67±0.02 7.72±1.37

13 3.49±0.19 0.71±0.17 6.96±0.55 2.58±0.09 0.48±0.07 4.47±0.25 2.36±0.08 0.41±0.08 5.00±0.16

14 6.91±0.35 1.32±0.24 7.67±0.34 3.14±0.33 0.45±0.12 6.03±0.30 1.49±0.23 0.15±0.13 5.70±0.17

15 4.17±0.10 1.05±0.13 6.18±0.58 3.70±0.11 0.60±0.12 6.63±0.22 2.17±0.09 0.24±0.18 5.45±0.57

16 5.44±0.33 1.30±0.26 5.65±0.48 2.98±0.38 0.61±0.29 6.28±0.50 3.11±0.31 0.43±0.31 6.06±1.14

17 2.49±0.09 0.61±0.11 6.11±0.31 2.31±0.43 0.49±0.16 4.06±0.19 3.26±0.26 0.58±0.13 6.77±0.42

Mean±S.D. 4.28±1.69 1.33±0.76 5.80±1.21 3.25±1.44 0.66±0.30 5.14±1.13 2.62±0.72 0.44±0.19 6.08±1.02



Neither statistical differences between oils nor statistical
correlation between the data obtained for the carotenoid
content were observed (at P≥0.05) within the groups of
samples. In spite of prolonged storage time the level of
carotenoids remained constant within the experimental
error, while the level of chlorophylls decreased and was sta-
tistically different between the groups of oils from the seeds
kept for 1, 2, or 3 years (P≥0.05). This may be of interest
for the producers of edible oils, where a possibly low
chlorophyll content is required. This depends on many fac-
tors, among which is the effect of cultivar, the harvesting
of the seeds before full technical maturity and also storage
conditions [3-4, 16-18]. Of importance also is the other
post-cropping process such as drying temperature [15, 19].
In general, carotenoids are considered to act as antioxi-
dants and act as lipid protectors as well as vitamin precur-
sors. The thermal stability of oils has been assessed by
measuring the levels of malonaldehyde – lipid oxidation
precursor (called TBARS; data shown in Table 3).
Interestingly, the oxidation of the lipids in oils was not
higher in the oils pressed from the seeds stored over long
periods. The initial amounts of TBARS were close to the
c.a. 2.5·10-5 mol/l of oil. On the contrary, the tendency of
TBARS value to decrease was observed. The initial level
of TBARS was not correlated with the levels of

carotenoids or chlorophyll, and additionally there was no
statistical correlation between samples containing higher
amounts of carotenoids with the TBARS concentration
after 3 or 6h of thermal degradation. For samples stored for
1 or 2 years the negative correlation between the initial
level of TBARS and levels of sulphur-containing species,
carotenoids, and chlorophylls was found, while no correla-
tion was found for the samples stored for 3 years, which
indicates that the process of oil oxidation is more complex
and that carotenoids do not act as straightforward antioxi-
dants as in model lipid membranes [20, 21]. Interestingly,
oils from older seeds were, in most cases, thermally more
stable.

Although in many cases seeds show a relatively high
technological value, the wide-scale production of goods
from rapeseed stored for longer periods is strongly depen-
dent on the costs of seed drying and storage.
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