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Abstract – Canolol (2,6-dimethoxy-4-vinylphenol, 4-vinylsyringol), which is formed by thermally initiated
CO2 splitting off from sinapic acid, possesses a high antioxidant potential. Furthermore different positive physiolog-
ical properties are described. Due to rapeseed’s high content of phenolic acids, particularly sinapic acid, it is obvious to
produce canolol as by-product of rapeseed processing. Roasting of rapeseed meal or cake in a fluidized bed followed by
extraction with supercritical carbon dioxide of the formed canolol represents a production procedure which not impairs
the commercial oil mill process. This article summarizes results from the roasting process with rapeseed meal and cake
in fluidized bed equipments of different design and size showing that it is a suitable technique to transform sinapic acid
into canolol. The achieved canolol contents are at 500 mg/kg in minimum, if the material is rapidly cooled-down after
reaching the optimal temperature of 165 ◦C. Further roasting leads to a fast reduction of the canolol content. In addition
it could be observed, that the sinapic acid content is not decreasing in the same amount as the canolol content increases.
Sinapic acid seems to be “reproduced” during roasting. The reaction mechanisms of the described phenomena are not
known.
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Résumé – Chauffage des tourteaux ou farines de graines sur un lit fluidisé : une possibilité de production
de Canolol. Le canolol (2,6-dimethoxy-4-vinylphenol, 4-vinylsyringol), qui se forme, sous l’effet de la chaleur, par
détachement d’une molécule de CO2 de l’acide sinapique, possède un haut pouvoir antioxydant. De plus, des propriétés
physiologiques bénéfiques ont été décrites. En raison du haut contenu de la graine de colza en acides phénoliques, et
particulièrement en acide sinapique, il semble relativement évident de chercher à produire du canolol en tant que sous-
produit du traitement de graine de colza. Le chauffage des tourteaux ou farines de graines de colza sur un lit fluidisé suivi
par l’extraction, avec du dioxyde de carbone supercritique, du canolol formé représente une procédure de production
qui ne détériore pas le processus des triturateurs d’huile. Cet article récapitule les résultats du processus de chauffage
des tourteaux et farines de graines de colza dans des lits fluidisés de conception et de taille différentes, démontrant
que c’est une technique appropriée pour transformer l’acide sinapique en canolol. Le contenu en canolol produit est au
minimum de 500 mg/kg, si la matière est rapidement refroidie après avoir atteint la température optimale de 165 ◦C. Des
chauffages supplémentaires conduisent à une réduction rapide du contenu en canolol. De plus il pourrait être observé
que le contenu en acide sinapique ne décroit pas dans la même proportion que les augmentations de contenus de canolol.
L’acide semble être « reproduit » pendant le chauffage. On ne connaît pas les mécanismes des réactions en jeu dans les
phénomènes décrits.

Mots clés : Colza / canolol / lit fluidisé / chauffage / antioxydant

1 Introduction
In comparison to the most other kinds of oilseeds rapeseed

contains considerably more phenolic acids (Naczk, 2002), ex-
isting in free, esterified or insoluble bounded form. About 15%

� Correspondence: pudel@ppm-magdeburg.de

are free phenolic acids, whereas up to 80% esterified acids
can be found. The most important phenolic acid is sinapic
acid, representing 90% of the free and between 70 to 97% of
the esterified acids (Naczk et al., 1998). Besides sinapic acid
also other phenolic acids can be found in rapeseed, like hy-
droxybenzoic acid, vanillic acid, ferulic acid, caffeic acid or
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Fig. 1. Thermal transformation of sinapic acid into canolol.

protocatechol. Sinapine, an ester of sinapic acid and choline,
is the main compound of the esterified phenolic acids, and in
the literature contents between 0.6 and 2.5% are described
(Baumert et al., 2005; Fenwick and Hoggan 1976; Müller
et al., 1978). Artz et al. (1986) showed that the phenolic com-
pounds are mainly localized in the cotyledons, whereas in the
hulls only traces exist. Similar results for the distribution of
sinapine in rapeseed were found by Krygier et al. (1982) and
Matthäus (1998).

During oil extraction most of the phenolic compounds re-
main in the press cake or the meal and are not available for
human consumption. But, within the cake or meal they are un-
desired, because they have a negative effect on the amino acid
digestibility and sinapic acid leads to the formation of fishy
smelling eggs in a particular kind of laying hen species (Qiao
et al., 2008; Fenwick et al., 1984).

Koski et al. (2003) and Wakamatsu et al. (2005)
showed that in crude rapeseed oil the oil soluble canolol
(2,6-dimethoxy-4-vinylphenol, 4-vinylsyringol) as a degrada-
tion product of the hardly oil soluble sinapic acid can be found.
Canolol is formed by CO2 splitting off from the sinapic acid
and the reaction can be initiated by heat supply (Fig. 1).

In the literature different positive effects of canolol are
described, like high antioxidant activity and antimutagenic
and anticarcinogenic properties (Moltke-Sorensen et al., 2013;
Matthäus, 2012; Kuwahara et al., 2004; Novak et al., 1992).
In these investigations it was observed, that the antimutagenic
properties of canolol are stronger than these of α-tocopherol,
ß-carotene or vitamin C as well as different flavonoids like
rutin or quercetin (Kuwahara et al., 2004). The antioxidant ef-
fect of sinapine, sinapic acid and canolol rich extracts as well
as a not fractionated rapeseed polyphenol extract on oxidative
stability of oil in water emulsions was investigated by Moltke
Sørensen et al. (2013). The found order is BHT > canolol >
sinapine > total polyphenols > sinapic acid.

Matthäus (2012) describes a clear antioxidant activity of
canolol within a DPPH and ß-carotene linolic acid assay, re-
spectively, but lower than that of BHT or trolox. Nevertheless,
the recovery of the natural antioxidant from rapeseed cake or
meal is justified due to its distinctive bioactive effect.

Recently different approaches are taken in order to enrich
canolol (and other phenolic compounds from rapeseed) within
the oil or to isolate them.

A first one was roasting of rapeseed within an oven or by
micro waves. Wakamatsu et al. (2005) observed an increase of
the canolol content in the oil by 256 fold, if the seed is roasted
for 5 min at a temperature of 165 ◦C. Spielmeyer et al. (2009)
found a raise of canolol content in oil made from roasted rape-
seed by 120 fold.

Another approach was taken by using high temperature
conditioning of rapeseed before mechanical pressing, which
leads to increased polyphenol contents in the crude oil (Eggers
and Ambrogi, 2003). But, these contents will be considerably
reduced again during subsequent refining (Eggers et al., 2006),
in which the polyphenols are enriched in the deodorizer dis-
tillate. Thus, it was tried to isolate them by different process
alternatives, like solvent extraction, short path distillation, su-
percritical CO2 extraction and solvent crystallization. As result
polyphenol rich fractions could be recovered containing be-
sides sinapic acid, vinylsiringol and its dimer also tocopherol
and other substances (Eggers et al. 2010).

Alternatively it can be tried to treat rapeseed cake or meal
after oil extraction thermally in order to transform the scarcely
oil soluble sinapic acid into the oil soluble canolol and sub-
sequent extracting it together with the remaining oil from the
solid matter. The advantage of this approach is that the conven-
tional oil mill process keeps untouched. Fluidized bed roast-
ing promising an intensive heat treatment followed by a gentle
and comprehensive extraction with supercritical CO2 should
be suitable processes to realize that also in industrial scale. The
use of meal instead of cake has the advantage of less remain-
ing oil in the solid matter which has to be extracted leading to
higher canolol contents in the oily extract. In the best case, the
remaining extracted material should be suitable to be used in
feed production.

A fluidized bed is a quantity of solid particles which are
placed by a fluid under such conditions that the solid/fluid
mixture behaves as a fluid. Under these conditions there is
an intensive contact between the solid particles and the fluid,
the equipment walls and possible installed heat exchangers as
well as among themselves. This leads to very high heat and
mass transfer coefficients and fast processing procedures. The
temperature and concentration field within the equipment is
homogenized. Fluidized bed equipments are wide used in dif-
ferent industries and provide a good up-scaling from lab to
industrial scale.

In the following the roasting trials of rapeseed meal and
rapeseed cake by fuidized bed treatment are described with its
effect on the formation of canolol.

2 Materials and methods

2.1 Materials

As rapeseed meal different charges of commercial material
were used. Before thermal treatment the meal was grinded by
a roller mill (Co. Haferboy, gap width 0.8 mm) and partially
screened by sieving.

In one trial series rapeseed cake was used produced from
commercial rapeseed by cold pressing within the PPM facili-
ties. The cake was also grinded before roasting.
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Table 1. Canolol and sinapic acid.

Compound- CAS No. Structure Molecular Molecular
name formula weight g/mol

Canolol, (4-Vinyl-2,6- [28343-22-8] C10H12O3 180.2
dimethoxyphenol)

Sinapic Acid [530-59-6] C11H12O5 224.2

Fig. 2. Scheme of used lab and small pilot scale fluidized bed
equipment.

2.2 Methods

Roasting of the raw material was carried out in fluidized
bed equipments of different type and size.

The used lab and small pilot scale equipments (PPM fa-
cilities) are of the design shown in Figure 2. The material is
fed batch wise top down into the fluidized bed reactor. At the
bottom of the reactor a rotatable sieve plate was arranged. To
intensify the roasting process the reactor was equipped with an
electric trace heating system. The material was fluidized by a
gas which was fed bottom up. Initially inert gas (nitrogen) was
used, later on ambient air. The fluidization gas was heated by
an electric heater and fed to the reactor by an air blower. To
adjust the flow rate the air blower is frequency controlled. A
settling chamber above the fluidized bed reactor made sure that
discharged fine particles can fall back into the reactor. Resid-
ual fines were kept by a filter. After completion of roasting the
sieve plate was turned and the material sampled beneath. In
the lab scale equipment up to 400 g per batch can be treated,
in the small pilot scale about 3 kg per batch.

In order to scale-up the process (as well as to recover suffi-
cient material for subsequent extraction trials) two trials were
made within a pilot scale equipment of Co. Allgaier, Uhingen,

in which at a time 30 kg of meal per batch are treated (so called
“industrial trials”). The reactor is equipped with pipe bundles
immerging into the fluidized bed, what leads to additional heat
input.

Finally, a set of trials in small pilot scale equipment
at Otto-von-Guericke-University Magdeburg was carried out,
in which superheated steam instead of a gas as fluidization
medium was used. The hold-up was varied between 1.5 and
3 kg per batch.

2.3 Analysis of canolol and sinapic acid

To quantify canolol and sinapic acid (Tab. 1) in rapeseed
extracts the following RP-DAD-HPLC method of external
standard is used. A gradient method was developed. Canolol
was detected at 280 nm, sinapic acid at 325 nm (Tab. 2).

Sinapic acid (purity > 97%) was purchased from Carl Roth
GmbH, Karlsruhe (Germany). Canolol is not commercially
available as an analytical standard. Therefore, the compound
was produced by thermal decarboxylation of pure sinapic
acid (∼30 min at 220 ◦C, under vacuum), canolol purity
(HPLC) 80%. Figure 3 shows the chromatogram of the stan-
dard materials.

To prepare the samples, rapeseed meal was milled to a fine
powder and about 10−15 g were extracted by soxtherm extrac-
tion with methanol (equipment: Gerhardt, Soxtherm 2000 au-
tomatic). The extract solution was transferred into a 50 ml
flask and filled up to the mark with methanol. After filtration
through a 0.45 µm filter the sample was injected on the HPLC.
Figure 4 shows the chromatogram of the extract.

The extract was dissolved in methanol. The turbidity of the
solution was due to lipids insoluble in methanol. They were re-
moved through a 0.45 µm PTFE-filter and the clarified solution
was directly used for HPLC. The extract concentration should
be near to 5−10 mg/ml.

The concentration of each component was determined by
the following formulas:

concentration analyt [mg/ml] =

concentration standard
[

mg
ml

]
× Area analyt

Area standard
concentration analyt [%] =

concentration analyt
[

mg
ml

]
× 100

concentration sample
[

mg
ml

]
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(a)

(b)

Fig. 3. Chromatogram of (a) the canolol standard (280 nm), (b) of the sinapic acid standard (325 nm).

Fig. 4. Chromatogram of the extract (280 nm and 325 nm).
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Table 2. Chromatographic conditions of the RP-DAD-HPLC method.

Method parameters HPLC3/DAD-HPLC
HPLC-device Merck Hitachi, (VWR LaChrome Elite), pump L-2130;

autosampler L-2200
Data system EZChrom Elite Version 3.3.2 SP2 Build 3.3.2 1037
HPLC column: Lichrospherr© 100 RP-18e (5 µm), 250-4 mm
Pre column: Lichrospherr© 100 RP-18e (5 µm), 4-4 mm

Eluent:
Eluent A: Water acidified with o-Phosphoric Acid
(pH 2,3−2,6); eluent B: methanol (gradient grade)
Eluent B: Methanol (HPLC gradient grade)
Eluent: C: CAN:THF (4:1) (v:v)

Eluent profil (v/v):

�����min
A [%] B [%] Flow [ml/min]

0.00 70 30 1.0
5.00 70 30 1.0

15.00 30 70 1.0
20.00 10 90 1.0
23.00 10 90 1.0
23.10 0 100 1.0
25.00 0 100 1.0
25.10 70 30 1.0
30.00 30 70 1.0

Detector (wavelenght): DAD-detektor Hitachi L-2455, Channels: λ1 = 280 nm,
λ2 = 325 nm

Column temperature: Column oven VWR Hitachi L-2350 (35 ◦C)
Injection volume: Standard: 10 µl Probe: 10 µl
Method name Sinapinsäure_Canolol.met

3 Results and discussion

3.1 Influence of inert gas

During roasting in lab and small pilot scale initially inert
gas (nitrogen) was used as fluidization medium to avoid oxi-
dation. Since this would make a scale-up to an industrial pro-
cess more expensive it was also proved whether ambient air
(or a mixture of air and nitrogen) would be applicable. There-
fore some trial series with different contents of (air) oxygen
were carried out. The data shown in Figure 5 are based upon
the following processing parameters: heating-up the fluidized
bed up to 160 ◦C (165 ◦C in case of no use of nitrogen, respec-
tively), switching-off the heater after reaching this temperature
and further fluidizing up to sampling. It can be seen, that there
are no advantages of the use of nitrogen (Fig. 5).

3.2 Influence of roasting temperature

As described above the optimal temperature for the for-
mation of canolol during roasting of rapeseed is 160 ◦C
(Spielmeyer, 2007) or 165 ◦C (Wakamatsu, 2005), respec-
tively. The present investigation shows that this is also valid for
roasting of rapeseed meal or cake in a fluidized bed (Fig. 6).

3.3 Influence of roasting time

Additionally it was investigated how further roasting af-
ter reaching the optimal roasting temperature influences the
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Fig. 5. Influence of oxygen content of fluidization gas on canolol
content.

canolol content. Both trials using rapeseed meal and cake were
made. Figure 7 shows that the canolol content is reduced with
further roasting time. The reactions responsible for this effect
are not clarified. It is also not clear, whether and to which ex-
tend during further roasting sinapic acid keeps on transforming
into canolol.

Spielmeyer et al. also described the effect of the reduc-
tion of the canolol content during further roasting of rapeseed.
They assumed that the formed canolol reacts with other rape-
seed components or that pyrolysis or thermal degradation of
canolol occurs (Spielmeyer, 2009).

Furthermore it could be observed that the kind of cooling-
down of the roasted material has influence on the resulting
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Fig. 6. Dependency of canolol content in roasted rapeseed meal and
cake on roasting temperature.
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Fig. 7. Influence of further roasting on canolol content.

canolol content. It is considerably lower if the material is
slowly cooled-down after reaching the optimal roasting tem-
perature and sampling (e.g. by storage in an open container)
in comparison to fast cooling-down (e.g. by active heat ex-
change). From this follows that it would be ideal to use two
fluidized beds in a row. In the first one the material is quickly
heated-up to the optimal roasting temperature and immediately
after reaching that it is rapidly cooled-down in the second one.

3.4 Influence of particle size

Due to the stability criteria of a fluidized bed commercial
rapeseed meal just as commercial press cake is not applicable
in fluidized bed equipments. The velocity of the fluidization
medium has to be higher than the minimum fluidized velocity
of the biggest particles below that a fixed bed occurs and lower
than the fluctuation velocity of the smallest particles above that
the pneumatic transport begins. Commercial material is very
heterogeneous in terms of its particle size. Therefore at least
a previous milling is required. In preliminary lab scale tests it
was determined that the particle size should be between 0.5
and 0.8 mm to make sure a stable fluidized bed.

Moreover it was to clarify whether the particle size would
influence the canolol content after roasting. To investigate that,
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Fig. 8. Canolol content of different fractions of roasted rapeseed meal.

roasted rapeseed meal was sieved into three fractions (3.4% <
315 µm, 91.9% 315−710 µm, 4.7% > 710 µm) and the canolol
content of each fraction was analyzed. It can be seen in Fig-
ure 8 that the canolol content of the fraction>710 µm is clearly
lower than that of the other two fractions. That means there is
a reduction of the canolol content with increasing particle size.

This could be confirmed by analyzing the fine particles
which were collected in the filter. Their canolol content was
partially much higher than that of the roasted product. That
could be explained by their short residence time in the reactor
before leaving. Another reason could be that the small parti-
cles enable a better heat and mass transfer which accelerate
the drying process and shorten the time to reach the optimal
roasting temperature.

3.5 Achievable canolol content

In the lab and small pilot scale trials canolol contents of
the roasted rapeseed meal of about 500 mg/kg were achieved.
The initial canolol content in the meal was about 300 mg/kg,
whereas the sinapic acid concentration was between 600 and
1.000 mg/kg. It is essential to realize that sinapic acid could
only partially be transferred into canolol.

Therefore it was tried to reach higher canolol contents
within the roasting product by intensifying heat and mass
transfer which would lead simultaneously to better cost effec-
tiveness of the process.

As one possibility to do this the use of a superheated steam
fluidized bed was deemed. Use of superheated steam instead of
air or nitrogen leads to faster drying and heating-up. In order
to avoid the canolol reducing reactions after reaching the op-
timal roasting temperature the material was immediately con-
veyed into a second fluidized bed equipment in which it was
cooled-down to 50 ◦C by ambient air. The steam input tem-
perature, the amount of rapeseed meal (hold-up) and the level
of the steam output temperature at which the roasting proce-
dure is interrupted, which correlates with the roasting temper-
ature, were varied. However, Figure 9 shows that the achieved
canolol contents were not higher in comparison to gas fluidiza-
tion. The named process parameters seem to have only little
influence on the result.

Finally up-scaling into the next bigger scale was done (in-
dustrial trials). The used fluidized bed reactor was equipped
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Fig. 9. Canolol content at different roasting temperatures in a steam
fluidized bed.

Table 3. Processing parameters of industrial trials.

1st trial 2nd trial

Hold-up kg 30 30

Input air temperature ◦C 180 200

Heat exchanger temperature ◦C 165–175 170–180

Heating-up time min 30 22

with pipe bundles immerging into the fluidized bed. To flu-
idize the material air was used. 30 kg of rapeseed meal per
batch were roasted. After reaching 165 ◦C within the material
the heat exchangers were switched off and the fluidized bed
was further operated using ambient air. The trials were fin-
ished at 90 ◦C material temperature (after about 25 min). The
other trial parameters are shown in Table 3.

The canolol content of the roasted product was 470 mg/kg
(1st trail) and 500 mg/kg (2nd trial), respectively. The results
from the lab and pilot scale trials could be confirmed, but in
average not achieved or even exceeded. The dimension of the
used equipment caused a bigger response time of the heating-
up and cooling-down processes. It can be concluded that dur-
ing the whole roasting process already degradation reactions
happen which influence the total result negatively.

3.6 Relationsship between canolol and sinapic acid
content

If it is assumed that canolol is formed from sinapic acid,
the sinapic acid content should decrease during roasting to the
same extent as the canolol content increases. However, it could
be observed (although not in every case) that the sinapic acid
content of the roasted material was higher, than it should be
according to these considerations. Figure 10 shows this for the
carried out industrial trials exemplarily. The roasting time of
the 1st trial was shorter than that of the 2nd trial.

That raises the presumption that sinapic acid is re-
produced during roasting. But, the proceeding reactions are not
known.
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Fig. 10. Canolol and sinapic acid content before and after roasting.

4 Conclusions

In summary, it can be concluded:

– Roasting of rapeseed meal or cake in a fluidized bed is a
suitable technology to transfer sinapic acid into canolol.

– The achievable canolol contents are of about 500 mg/kg in
the case of using rapeseed meal. In roasted rapeseed cakes
(small pilot scale) more than 700 mg/kg canolol could be
determined. The initial amount of sinapic acid in the raw
material is only partially transformed into canolol, even
under optimal conditions.

– The application of an inert fluidization medium is not nec-
essary. The use of air does not influence the canolol forma-
tion negatively.

– The optimal roasting temperature is 165 ◦C.
– The roasting process has to be interrupted immediately af-

ter reaching the optimal roasting temperature. The faster
the roasted material is cooled-down the higher is its canolol
content. Further roasting reduces the canolol content, prob-
ably due to degradation reactions which are not studied.
Possibly the formed degradation products possess also
antioxidant properties.

– Smaller particles show higher canolol contents after roast-
ing than bigger ones. The reasons are suspected in the av-
eraged shorter residence time within the fluidized bed re-
actor and the improved heat and mass transfer due to faster
drying. In order to secure a stable operation regime the ma-
terial should be milled to < 0.8 mm before roasting.

– Acceleration of heating-up by using of additional heat ex-
changers immerging in the fluidized bed or by applying
superheated steam as fluidization medium improves the ef-
fectiveness of the process, but has no significant influence
on the canolol formation and yield.

It was observed, that the sinapic acid content was not de-
creased in the same amount as the canolol content increased. A
re-production of sinapic acid during roasting seems to happen.
The reaction mechanisms are not known. In terms of improv-
ing the canolol production technology it should be worthwhile
to clarify these and to find ways to promote this re-production
of sinapic acid and to enable their transforming into canolol.
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