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A full biouse of crops for multiple end-uses would contribute to a more economically attractive and thereby more sustainable
use of the crop. The purpose of this paper was to evaluate options to develop materials from residuals of rapeseed, originating
from the biodiesel (RME) production. Compression molding of rapeseed flour and rapeseed cake residuals was evaluated together
with additions of different amount of plasticizer (glycerol), as well as use of various pressing temperatures and times. The results
were promising and led to a compact and hard, although somewhat brittle material. The potential to produce materials from the
rapeseed residuals from RME production is thus high. Glycerol content was the most important factor increasing tensile strength
in the material followed by pressing time. No clear protein polymerization was detected in the produced materials. Thus, despite
the promising results, methods to obtain increased protein polymerization should be searched for. Therefore, binding agents,
additives, or pretreatment of the rapeseed residuals are needed, or the proteins have to be purified, in order to generate a better
polymerization of the proteins.

1. Introduction

Biodiesel (rapeseed methyl ester (RME)) is today added
to conventional diesel to reduce the green-house gas effect
(http://www.soiloil.se/, last visited: 2012-04-17). It is pro-
duced from the oil of the rapeseed [1, 2]. The oil is cold-
pressed from the rapeseed, and the residual is a rapeseed
cake. Besides remaining oil, the cake contains crude fibre,
carbohydrates, and 33–39% proteins [3]. The cake is today
suitable as animal feed or as a fertilizer. However, if the resid-
ual could be used for other purposes, such as for materials
and/or chemicals production, these products would give an
added value to the fuel production. Thereby, a full biouse of
the rapeseed for industrial purposes would contribute to a
more economically attractive and thereby more sustainable
use of the crop. In line with a growth of a sustainable society,
production of sustainable alternatives to petroleum-based
plastics is of increasing importance. Plastics produced out of

plant proteins have properties, in their plasticized leathery
form, similar to for example some types of plasticized PVC
(polyvinyl chloride) and thermoplastic elastomers. PVC plas-
tics have until now proven very difficult to replace with more
sustainable alternatives. The unique PVC-like properties of
plasticized plant proteins originate from the extremely large
protein polymers that plant proteins can form [4].

Most essential for determination of the quality of bio-
materials are the composition of the proteins in the plant
used and the possibilities of these proteins to polymerize [4–
6]. Therefore, suitability of proteins, from different types of
crops, has to be evaluated according to their usefulness for
production of biomaterials for different end-uses.

Our particular interest was to evaluate possibilities of
using residuals from the RME production of rapeseed for
production of biobased materials. Such opportunities will
give added value to the rapeseed industry, including the
RME production, implicating increased sustainability. To our
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Figure 1: Picture of a round-shaped flat compression molded rapeseed material.

(a) (b)

Figure 2: SEM images showing fractured surface of the compression molded rapeseed material: (a) a representative image of the rapeseed
material, in this case from rapeseed flour, pressed at 130◦C at 10 min, without glycerol, scale bar is 30 µm; (b) image showing residuals of
seed coat in the same sample, scale bar is 10 µm.

knowledge, rapeseed residuals have been evaluated in a one
study as regards the use of bio-based materials production
[7], although a number of other plant proteins have been
tested, gluten, soy, and zein being the most commonly used
and the most prosperous ones [5, 6, 8, 9].

2. Experimental

Two types of rapeseed residuals, rapeseed flour (RF) obtained
from AarhusKarlshamn Sweden AB and rapeseed cake (RC)
obtained from Gunnarshogs Jordbruks AB, were evaluated.
The samples were compression molded into round (diameter
98 mm and thickness 4 mm) and for the tensile test into
dumbbell shaped specimens (narrow width 10 mm, total
dumbbell length 140 mm and thickness 3 mm). Samples
were pressed with and without glycerol (10 wt% and 20 wt%
based on the total weight) as a plasticizer, at various
temperatures (130–180◦C), pressure times (5–30 min), and
pressure (20 MPa, set on the machine gauge). The pressing
operation was performed in a Table-Top Press, Polystat 200T
(Servitec Maschinenservice GmbH, Germany).

Mechanical properties of the samples were determined in
accordance with ISO 527-3 : 1995 using a Zwick Z010 tensile
tester equipped with a 500 N load cell. The testing speed was
10 mm/min, and an initial grip-to-grip distance of 120 mm

was used. Samples structures were analysed by scanning
electron microscopy (SEM) and protein structures analysed
by size-exclusion high-performance liquid chromatography
(SE-HPLC) as described in Wretfors et al. [10]. For the
statistical analyses, SAS software package for Microsoft
Windows (SAS Institute Inc, NC, USA) was used. Regression
analyses, general linear model (GLM), and analyses of
variance (ANOVA) were carried out, followed by calculation
of means for the different treatments with determination of
significance using LSD (0.05).

3. Results

3.1. Appearance and Structure of the Compression Molded
Rapeseed Material. When the samples were compression
molded into round shapes, they came out as light-to-dark
brown specimens with darker spots within (Figure 1). The
appearance was rather compact and hard, and somewhat
similar to some types of pot-mats. On the other hand,
the samples were rather brittle. SEM analysis showed that
the material consisted of relatively large particles of uneven
size, creating voids between the particles (Figure 2). No
obvious differences in the structure were found between
differently pretreated samples. The SEM analysis confirmed
that the material was heterogeneous, without indications of a
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Table 1: Mean values of tensile properties for comparisons of importance of the use of rapeseed type, glycerol content in the samples, press
temperature, and press time. In the comparisons all samples are compared differing only in one parameter. That means, for example, that
both rapeseed cake and flour and all glycerol contents and pressing times are included when the pressing temperature is evaluated.

Source Maximum stress (MPa) Strain at maximum stress (%) Young’s modulus (MPa)

Rapeseed type

Cake 1.55a 0.67a 758.4a

Flour 1.31a 0.64a 801.4a

Glycerol content

0% 1.93a 0.22c 1398a

10% 1.43b 0.60b 598.5b

20% 0.86c 1.12a 230.0c

Pressing temperature

140◦C 1.28b 0.63a 713.9b

160◦C 1.46ab 0.63a 782.8b

180◦C 1.73a 0.75a 925.0a

Pressing time

5 min 1.36a 0.69a 675.3b

10 min 1.51a 0.64a 845.3a

20 min 1.38a 0.67a 809.2a

30 min 1.53a 0.59a 832.0a

Means with the same letters within a column and under the same subheading do not differ significantly (Duncan’s Multiple Range Test 0.05).

polymer network (Figure 2(a)). Residual seed coat structures
could be easily identified in the material (Figure 2(b)).
Speckled colour variation of the samples was most likely due
to seed coat residuals (Figure 1).

3.2. Tensile Properties of the Material. Generally, the rapeseed
residuals resulted in fairly brittle samples. Means of the ten-
sile parameters were 1.45 MPa for maximum stress (ranging
from 0.5 to 3.2), 0.63% for strain at break (ranging from
0.15 to 1.52), and 782 MPa for Young’s modulus (ranging
from 110 to 1950 MPa), for all samples including variation
in rapeseed type, glycerol content in the samples, pressing
temperature, and pressing time. While comparing influences
of the different sources on the tensile properties of the
material, glycerol content in the material was found the most
important parameter influencing max stress, strain at break,
and Young’s modulus. Increased glycerol content resulted in
a significant decrease in max stress and young’s modulus
and increased strain at break (Table 1). The second most
important parameter for the tensile properties was pressing
temperature. Increased pressing temperature led, generally,
to increased maximum stress and Young’s modulus (Table 1).
However, an obvious risk for brittleness was observed with
the highest temperature, especially in combination with long
pressing time and high glycerol contents, at which treatment
of the material was totally degraded so that it was not
possible to tensile test at all. This happened with all samples
pressed at 180◦C for 30 min and for all samples with glycerol
pressed at 180◦C. Influence of decreased pressing time was
only seen as a decrease in Young’s modulus at the pressing
time of 5 minutes; otherwise no influence of the pressing
time was observed (Table 1). The choice of rapeseed material

(rapeseed cake or rapeseed flour) did not influence the tensile
properties of the material (Table 1).

3.3. Protein Structures of the Material. Proteins were extract-
ed in three steps and thereafter analyzed by SE-HPLC to eval-
uate the size distribution of the proteins in the materials. The
total amount of proteins extracted in the three extractions
for rapeseed flour was used as a standard and set to 100,
and thereafter all other amounts of proteins compared were
related to this standard amount.

Generally, the first extraction step was the most efficient
in amount of proteins extracted (around 60–70% in all
samples). Thereafter, around 15–20% of the proteins were
extracted in the second extraction step, and finally 5–
10% of the proteins were extracted in the third extraction
step (Table 2). A relatively higher amount of proteins was
commonly extracted in step three from those samples with
a relatively low total amount of proteins extracted (Table 2).

Independent of rapeseed type, pressing temperature, and
pressing time, the samples were supposed to consist of
similar amount of total protein. Thus, in those samples with
a low total amount of proteins, most likely all proteins have
not been extracted with the extraction methods used. This
means that the use of rapeseed cake instead of rapeseed flour,
decreased pressing temperature, and pressing time reduced
the total extractability of the proteins from the samples
(Table 2). This reduction in extractability was mainly present
in extraction step one although it was also seen in extraction
step two (Table 2). Glycerol content in the samples also
reduced the total amount of proteins that were extractable
from the samples. This can partly be explained by the fact
that the content of proteins is lower in the samples containing
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Table 2: Mean values of relative amount of proteins extracted for comparisons of importance of the use of rapeseed type, glycerol content
in the samples, pressing temperature, and pressing time. Mean value for total extraction of proteins from rapeseed flour is set to 100, and the
rest of the values are related to this set standard value. Vales are relative means of areas under chromatograms from different extractions or
from different parts of the chromatograms as a sum after the three extractions. In the comparisons all samples are compared differing only
in one parameter. That means, for example, that both rapeseed cake and flour and all glycerol contents and pressing times are included when
the pressing temperature is evaluated.

Source
Extraction Chromatogram part

Total
1 2 3 1 2 3

Rapeseed type

Cake 71.0b 15.1b 4.80a 4.69a 77.7b 8.27a 90.7b

Flour 74.3a 20.7a 5.08a 3.30b 88.3a 8.27a 100.0a

Glycerol content

0% 76.0a 17.6a 4.64b 4.30a 84.9a 8.94a 98.2a

10% 69.8b 18.2a 5.20a 3.69a 81.6b 7.71b 93.0b

Pressing temperature

130◦C 42.6d 7.71c 4.97b 8.04a 38.7d 8.55a 55.3d

145◦C 50.3c 17.3a 6.59a 4.41b 63.7c 6.31c 74.1c

160◦C 79.3a 19.9a 4.58b 3.46b 92.8a 8.60a 104.0a

180◦C 67.0b 12.7b 6.09a 3.85b 74.3b 7.54b 85.7b

Pressing time

5 min 67.0c 12.7c 6.09a 3.85ab 74.3c 7.54c 85.7c

10 min 51.4d 15.0c 4.92b 4.53ab 59.2d 7.32c 71.2d

20 min 75.4b 19.4b 4.19b 3.07b 87.2b 8.66b 98.9b

30 min 111.7a 23.1a 6.03a 4.80a 126.3a 9.83a 140.9a

Means with the same letters within a column and under the same subheading do not differ significantly (Duncan’s Multiple Range Test 0.05).

glycerol. If the values of extractability were instead compared
to the amount of rapeseed cake/flour, a higher amount of
proteins extracted was found in the samples with glycerol
(results not shown).

The chromatograms were initially divided into 8 frac-
tions (see Figure 3), containing decreasing protein sizes
with increasing fraction number. After preliminary analyses,
fractions 1–3 and fractions 4–7 were found to vary similarly,
and these fractions were therefore merged, resulting in
fractions 1–3 = Part 1 with the largest proteins, fractions 4–
7 = Part 2 with the medium sized proteins, and fraction 8 =
Part 3 with the smallest proteins. Differences in the size of the
extractable proteins were observed for different samples. For
example, rapeseed cake showed a higher proportion of larger
proteins (Part 1) as compared to rapeseed flour, that instead
showed a relatively higher proportion of smaller proteins
(Part 2, Table 2). Addition of glycerol to the samples reduced
the relative part of small proteins (Part 2 and 3) as compared
to when no glycerol was added to the samples (Table 2).
The increase of pressing temperature led to an increase in
relatively small proteins (Part 2), similarly as did the increase
in pressing time (Parts 2 and 3, Table 2).

3.4. Relationships between Protein Structures and Tensile
Properties of the Material. Pearson correlation coefficients
showed a significant relationship among some of the tensile
parameters of the materials and protein parameters analyzed
by SE-HPLC (Table 3). This was especially applicable for
Young’s modulus that correlated significantly positively
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Figure 3: A representative picture of a chromatogram (from
rapeseed flour, pressed at 140◦C in 10 min) obtained after the
three-step extraction of the proteins followed by SE-HPLC anal-
yses. Proteins detected after the first extraction ( ), the second
extraction(—-), and the third extraction (......) are shown as the
highest, middle, and lowest chromatograph line in the graph,
respectively. Chromatograms were first divided into eight parts as
shown in the figure by the numbers 1–8 below the chromatograms.
After preliminary analyses of the results, the parts 1–3 were joined
to form Part 1; the parts 4–7 were joined to form Part 2 and part 8
formed Part 3.

with the relative amount of proteins extracted in the first
extraction step as well as with the total protein extracted
(Table 3). Further, the relative amount of small proteins
(Parts 2 and 3 summed from all three extractions) correlated
significantly positively with Young’s modulus (Table 3).
Strain at maximum stress correlated significantly negatively
at the 10% level with the same protein parameters (results
not shown).
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Table 3: Pearson correlation coefficients among different protein
extractions and part of the chromatograms and tensile property
parameters.

Source
Maximum

stress
(MPa)

Strain at
maximum
stress (%)

Young’s
modulus

(MPa)

Extractions

1 0.12 −0.43 0.48∗

2 −0.07 −0.32 0.36

3 0.10 −0.24 0.41

Chromatogram parts

1 0.01 −0.17 0.37

2 0.10 −0.43 0.46∗

3 0.18 −0.43 0.46∗

Tot protein extractability 0.08 −0.39 0.46∗
∗

significant at P < 0.05.

4. Discussion

The results from the present investigation show the potentials
of producing bio-based materials from rapeseed residuals
from the biodiesel industry. Until now, the oil crop residuals
from the biodiesel industry have been mainly used as feed
[1]. However, the residuals may, beside proteins, also contain
antinutritional compounds such as glucosinolates or phytic
acids, making them unsuitable to be used as feed. In such
cases, the residuals may be used as fertilizers [1], although
added value products such as bio-based materials would
contribute to a higher profit for the grower/farmer and a
better bioeconomy. To our knowledge, only one study has
been previously published reporting about opportunities
of producing materials from rapeseed cake [7]. Also that
investigation reported potentials of using rapeseed for mate-
rials production, although a different production method,
injection molding, was used, as compared to the compression
molding in the present study.

A number of crop residuals and/or protein-rich press
cakes or fractions from different types of crops have been
evaluated for their potential use in materials production.
The most well known of those, being evaluated in a
number of studies, is the wheat gluten, a residue from the
starch/bioethanol industry and the protein-rich part from
wheat after the starch and other carbohydrates have been
washed away [11, 12]. Gluten residue from the bioethanol
industry has a high protein content (around 78%) and
is possible to both compression mold and injection mold
into materials of relatively high quality in terms of strength
and barrier properties [5, 13, 14]. Examples of other plant
proteins that have been reported to have potentials for
materials production are soy and corn proteins [8, 15, 16]. Of
the two latter protein sources, soy proteins have been shown
potential for production of base materials even stronger than
those built on gluten [8, 10]. The press cake of oil plants
has only been evaluated for material production in a few
studies, showing that the rapeseed cake and sunflower cake
may be of potential interest for production of composite

materials [7, 17, 18]. The use of press cakes or flours that
also contain other substances than just proteins may thus
have the potential to be used directly as composite materials
instead of having to add fibres, thereby risking that the
protein matrix and the fibres do not bind properly to each
other [19]. A number of studies have reported attempts to
develop natural biocomposite materials using different types
of protein matrices together with various types of biofibres
without great successes [8, 20].

The bio-based materials produced from rapeseed resid-
uals, in the present study, were generally very brittle. The
structural analysis showed a porous material consisting of
hardly fused particles of different sizes. Compared to pre-
viously produced bio-based materials, the Young’s modulus
was higher for the rapeseed materials in the present study
(110–1950 MPa) as compared to, for example, gluten-based
plastic composite sheets (mean value 86.6 MPa) produced
in, for example, Wretfors et al.’s study [10]. It should be
remembered, though, that the gluten material in Wretfors
et al.’s study [10] had neither the same shape, nor the same
thickness, making the Young’s modulus values difficult to
compare. Both maximum stress and strain at maximum
stress are considerably lower in the rapeseed material as
compared to the gluten material (1.43 and 0.65 compared
to 3.55 and 2.82, resp.). Thus, modifications and/or the
use of additives are needed in order to be able to use
rapeseed residuals for bio-based materials production. In the
previous study, in which rapeseed cake was injection molded,
different pretreatments were evaluated such as pulverization,
hydrothermal, and alkaline treatment as well as the addition
of a binding agent. The latter was found necessary in order
to be able to injection mold the material [7]. From the
different treatments evaluated in the present study, glycerol
addition seemed to be the most important for changing the
tensile properties of the material, followed by the pressing
temperature. Addition of glycerol has been found to increase
protein polymerisation in gluten foam materials [21].

Polymerization of the proteins is the one main important
factor if proteins are going to be used for bio-based mate-
rials production. Protein polymerization properties have, in
several studies, been shown to be the main determinant of
tensile properties of gluten materials [5, 13]. The present
study gave very little evidence of any higher degree of poly-
merization of the rapeseed proteins in the rapeseed residuals
used. A lower extractability of the proteins was found with
lower pressing temperature and pressing time. Tensile data
showed the opposite relationship (increased temperature
and time led to higher tensile strength), if any. Addition of
glycerol influenced tensile properties although no indication
of a higher degree of polymerization of the proteins was
found in the HPLC data. The reason that the proteins
did not polymerize might be due to the type of proteins
present in rapeseed, which are mainly globulins [22]. This
type of proteins does not naturally form large polymers
[23]. Another reason might be the low amount of protein
in the rapeseed residuals. Thus, to improve properties of
materials obtained from rapeseed residuals, either binding
agents, additives, or pretreatment of the rapeseed residuals
are needed. Another option might be to purify the proteins
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and use the residuals from the protein purification in other
applications, for example, in a biorefinery concept.

5. Conclusions

Compression molding of rapeseed residuals allowed to
produce potentially interesting specimens of bio-based mate-
rials. However, the proteins within the material were not
found polymerizing in enough proportion leading to a rather
brittle material. In order to produce bio-based materials
of commercial interest from rapeseed residuals, the need
to polymerize the proteins within the material to a higher
degree is crucial. Thus, suitable additives, binding agents,
and/or pretreatments of the rapeseed residuals have to be
sorted out. Another option is to purify the rapeseed proteins
and use the residuals of this protein purification in, for
example, within a biorefinery concept.
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