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Abstract

The current project focuses on the extraction of antioxidants from the by-product of rapeseed (canola) oil processing using an
optimised method. Press cakes of the oil processing are normally referred to as meals. Commercial rapeseed and mustard meals
(taken from different German and Indian companies) were investigated for their phenolic content. Sinapic acid, the main
phenolic compound of rapeseed constitutes over 73% of free phenolic acids and about 99% of the main phenolic acids bound as
esters and glucosides. Sinapin, the cholin ester of sinapic acid is the major phenolic ester in rapeseed. Different solvent systems
were used to obtain antioxidative extracts from rapeseed meal. The extracts were investigated for their content of phenolic
compounds. In addition, meal extracts were fractionated as free, bound, released and insoluble phenolic compounds. Individual
phenolic compounds and a solvent extract (70% methanol as extraction solvent) were further investigated in oxidation
experiments using stripped rapeseed oil. The oxidation at 40 °C was monitored by the formation of hydroperoxides (indicating
primary oxidation products) and hexanal (secondary oxidation products). The experiments indicate that the addition of sinapic
acid (concentration-dependent) causes inhibition of peroxide formation higher than alpha-tocopherol in oils. The 70% methan-
olic extract of rapeseed meal added as an equivalent of 500 µmol kgoil

–1 (based on the total phenol content) showed good
antioxidative activity compared to the addition of 500 µmol kgoil

–1 sinapic acid. By-products of rapeseed oil processing have the
potential of being a millennium renewable raw material. Rapeseed ranks currently the third source of vegetable oil (after soy and
palm) and the third leading source of oil meal (after soy and cotton). Thus, any significant contribution related to extraction of
valuable compounds from rape meal will have overall a large contribution to the meal industry. To cite this article: U. Thiyam
et al., C. R. Chimie 7 (2004).
© 2004 Published by Elsevier SAS on behalf of Académie des sciences.

Résumé

Le présent projet concerne l’extraction d’antioxydants de l’huile de colza par une méthode optimisée. Les tourteaux fabriqués
à partir d’huiles sont généralement destinés à être utilisés en tant que farine. Des farines commerciales (provenant de compagnies
allemandes ou indiennes) de moutarde et de graine de colza ont été étudiées en raison de leur richesse en dérivés phénoliques.
L’acide sinapique, principal composé phénolique des graines de colza, constitue plus de 73% des acides phénoliques présents et
environ 99% de la plupart des acides phénoliques liés à un ester et à des sucres. La sinapine, l’ester choline de l’acide sinapique,
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est l’ester phénolique le plus abondant présent dans les graines de colza. Différents systèmes de solvants ont été utilisés, dans le
but d’extraire les antioxydants des farines de colza. Les extraits ont ensuite été étudiés du point de vue de leur contenance en
composés phénoliques. Chaque composé phénolique et un solvant d’extraction ont été étudiés au cours de la réaction
d’oxydation, en utilisant de l’huile de colza de qualité technique. L’oxydation à 40 °C a été suivie par la formation
d’hydroperoxides (indiquant les produits d’oxydation primaires) et d’hexanal (produits d’oxydation secondaire). Les réactions
indiquent que l’addition d’acide sinapique (dépendant de la concentration) entraîne une plus faible formation de peroxydes que
celui des a-tocophérol. Les 70% d’extraits méthanoliques de farines de colza additionnés à 500 µmol kghuile

–1 (sur la base de la
contenance total en phénol) ont montré de bonnes activités antioxydantes en comparaison de celles observées lors de l’addition
de 500 µmol kghuile

–1 d’acide sinapique. Les co-produits issus des huiles de colza se présentent alors comme étant les matière
premières renouvelables du millénaire. Les graines de colza sont actuellement la troisième source d’huile végétale (après le soja
et le palme) et la troisième source de farine (après la soie et le coton). Par conséquent, toute contribution liée à l’extraction de ces
composés précieux à partir des farines de colza aurait alors un très vaste champ d’application dans toute l’industrie des farines.
Pour citer cet article : U. Thiyam et al., C. R. Chimie 7 (2004).
© 2004 Published by Elsevier SAS on behalf of Académie des sciences.
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1. Introduction

1.1. Potential of phenolics of mustard and rapeseed

Food manufacturers use food-grade commercial an-
tioxidants to prevent deterioration of products and to
maintain their nutritional value. Antioxidants have also
drawn attention from biochemists and health profes-
sionals for their beneficial health aspects. The use of
extracts with antioxidative compounds from plant ex-
tracts instead of commercial antioxidants like BHT
and BHA has been discussed in the recent years. The
current project focuses on the extraction of antioxi-
dants from the by-product of rapeseed (canola) oil
processing using an optimized method. These by-
products of oil processing are normally referred to as
meals. Meals (press cakes) contain after the extraction
of oil large amounts of phenolic compounds. The phe-
nolic compounds contribute to the dark colour, bitter
taste and astringency of rapeseed or mustard meals.
They may also interact with amino acids, enzymes and
other food components, thus influencing the nutritional
significance of the meal [1–3]. On the other hand, the
phenolic compounds can be extracted using pure or
aqueous solvents like methanol and ethanol etc. and
utilized as natural antioxidants. The meals have a sig-
nificant phenol content, which implies their antioxida-
tive power. Sinapic acid (Fig. 1), the main phenolic
compound of rapeseed constitutes over 73% of free

phenolic acids and about 80–99% of the main phenolic
acids mainly occurring as esters and glucosides. Si-
napin (Fig. 2), the cholin ester of sinapic acid is the
main phenolic ester in rapeseed. The most active anti-
oxidative component of canola meal and the polar
fraction of rapeseed oil were identified as 1-o-b-D-
glucopyranosyl sinapate (C17H22O10), a sinapic acid
derivative [4] and vinylsyringol (C10H12O3), a decar-
boxylation product of sinapic acid [5]. Sinapic acid has
been demonstrated to be a potent radical scavenger and
to be a potent antioxidant in several lipid-containing
systems [6]. In addition, sinapic acid is known to have
peroxynitrite (ONOO–)-scavenging activity and can be

Fig. 1. Sinapic acid.

Fig. 2. Sinapin.
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utilized for protection of cellular defence activity
against ONOO– involved diseases [7]. Other prospects
for use of the meal include extraction of proteins fit for
human consumption, since the meal contains normally
around 50% protein content [8]. Industrial use of rape
meal includes use as fuel/ bio diesel, fertilizers and
animal feeds. Sinapin is responsible for fishy odours in
brown-shelled eggs when incorporated in poultry ra-
tions. At dietary levels higher than 5%, rapeseed meal
may result in enlarged thyroids, kidneys and livers in
starting and growing swine. Therefore, aspects of pro-
cessing technology, flavour, colour, anti-nutritional
factor and functionality of meal and meal products
remain to be investigated in a broader sense.

1.2. Application of phenolic ingredients in rapeseed
oil

Rapeseed oil is subjected to high temperatures dur-
ing extraction and processing which removes many
phenolics including sinapic acid derivatives. The
amounts of phenolics were found to be greatest in the
post-expelled crude rapeseed oil, decreasing with an
increasing degree of refining [5]. However, cold-
pressed rapeseed oil has been shown to be more sus-
ceptible to oxidation than refined rapeseed oil. The
lower stability of cold-pressed rapeseed is attributed to
the higher degree of oxidation prior to the incubation
experiment. In order to maintain a high content of
phenolic compounds in the oil after the refining pro-
cess, phenols extracted from the rapeseed meal can be
added after the refining process to the oil resulting in a
value added rape oil. Food manufacturers use food-
grade commercial antioxidants to prevent quality dete-
rioration and to maintain the nutritional value of differ-
ent food products including oils and products
containing oil. The interest in the use of extracts with
antioxidative compounds from plant extracts instead of
commercial antioxidants like BHT and BHA has been
increased in recent years.

2. Materials and methods

2.1. Materials

Commercial rape meals were procured from four
different industries (situated in different parts of Ger-

many) and two different mustard meal samples for the
study were taken from India. Refined rape oil for strip-
ping was purchased from a German rape oil company.
Folin–Ciocalteau phenol reagent was supplied by
Merck (Darmstadt, Germany). All antioxidants includ-
ing sinapic acid were either from Sigma or Merck. All
solvents used were of analytical grade.

2.2. Extraction of antioxidative compounds
from rape meal

Meal (1 g, oil-free press cake) was extracted three
times with 9 ml extraction solvent (e.g., 70% methanol,
i.e., methanol/water 7:3) using ultrasounds followed
by centrifugation under refrigerated conditions
(10 min at 5000 g) and filtration. The extract was made
up to a total volume of 25 ml. Meal extracts have been
classified into free phenolics, released from esterified
phenolics and insoluble bound phenolics according to
the method of Krygier et al. [9].

2.3. Content of phenolic compounds

Aliquots (0.1 ml) of extracts were diluted (1:5) with
water and Folin–Ciocalteau phenol reagent (0.5 ml)
was added. After 3 min, 19% sodium carbonate (1 ml)
was added. After 60 min, the absorption was measured
at 750 nm (Beckman DU-530 UV/VIS spectrophotom-
eter, Germany). Sinapic acid was used for the calibra-
tion, and the results of duplicate analyses are expressed
as sinapic acid equivalents. Sinapine, the major esteri-
fied sinapic acid compound shows a maximum absorp-
tion at 330 nm. 50 µl of the extracts were added to
2.45 ml methanol to quantify total hydroxyl cinammic
acids at 330 nm and were expressed as sinapine equiva-
lents.

2.4. Oxidation tests

Rapeseed oil was incubated at 40 °C and monitored
for the formation of oxidation products. Antioxidants
and extracts were added in methanol to the oil. Natu-
rally occurring antioxidants in the rapeseed oil were
removed by column chromatography prior to the addi-
tion of individual antioxidants and extracts. Conju-
gated dienes (CD) were measured according to Stöck-
mann et al. [10]. Hexanal was measured as indicator
for secondary oxidation products with static headspace
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gas chromatography according to Frankel [11].
Samples were incubated at 70 °C for 15 min.

3. Results and discussions

3.1. Extraction of phenolic compounds
from rapeseed meal

Extraction of phenolic compounds from rapeseed
meal was carried out with different solvent systems.
70% alcohol (7:3 alcohol/water) extraction systems
showed the best properties (Fig. 3). The total phenol
content ranged from 6 mg g–1 from MeOH:EtOH
(methanol:ethanol, 1:1) extract to 18 mg g–1 from 70%
MeOH extract expressed as sinapic acid equivalent
(oil-free basis). The content of sinapine and other cin-
namic acid derivatives was determined by spectropho-
tometric measurement of the absorption at 330 nm.
The results are expressed as sinapine equivalents. The
concentration ranged from 17 mg g–1 from MeOH:E-
tOH (1:1) extract to 29 mg g–1 from 70% MeOH
extract (oil-free basis). It should be noted that, the
comparatively high amount of cinnamic acids (sinap-
ine equivalents) in contrast to the amount of total
phenols (sinapic acid equivalents) is due to the non-
specific principle of the methods. Other compounds
apart from cinnamic acids may show absorption at
330 nm and the sensitivity of phenols to Folin–Ciocal-
teau reagent can markedly differ between the phenols.
For further experimental purposes, 70% methanol was
used.

3.2. Content of free and bound phenolic compounds
in rapeseed meal extract

70% methanolic rapeseed meal extracts of the meal
have been classified into free phenolics, esterified phe-
nolics and released phenolics as total phenols (sinapic
acid equivalents). Free phenolics constituted 1.80–
1.98 mg g–1, in bounded form 17–19 mg g–1, which on
hydrolysis released 14–16 mg g–1 sinapic acids. In-
soluble bound phenols from the meal residue were
found to be around 0.2–0.5 mg g–1.

3.3. Content of phenolic compounds in commercial
meals

Commercial meals procured from Germany and In-
dia were analysed for their content of phenolic com-
pounds using 70% methanol. Mustard and rapeseed
husk cake showed low phenol content as compared to
other commercial rapeseed cakes (Fig. 4).

3.4. Antioxidative activity of phenolic compounds
in rapeseed triglycerides

3.4.1. Antioxidative activity of individual phenolic
compounds

Prior to adding individual phenolic compounds to
rapeseed oil, the oil was stripped to remove endog-
enous antioxidants of the oil, such as tocopherols. This
purification step is necessary to assess the accurate
antioxidative potential of the added individual phe-
nolic compounds or extracts as endogenous antioxi-
dants may interfere with the activity. The validity of the
stripping procedure was verified by tocopherol analy-
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sis and the fatty acid pattern. The formation of conju-
gated dienes (primary oxidation products) and hexanal
(secondary oxidation products) were monitored during
the period of oxidation. The antioxidants were applied
at concentrations of 50 and 500 µmol kgoil

–1. The phe-
nolic acids used were sinapic acid (SA), caffeic acid
(CA), ferulic acid (FA), and p-coumaric acid (p CA). In
addition, some reference antioxidants such as, buty-
lated hydroxyl anisole (BHA), Trolox and
a-tocopherol (Alpha-toco) were included in the experi-
ments (Figs. 5–9). The initial (0 d) concentration of
conjugated dienes in stripped rape oil ranged from
8–9.7 mmol kgoil

–1. This higher conjugated diene

value of rape oil is attributable to the presence of other
conjugated compounds, such as sinapic acid and its
derivatives, absorbing at 234 nm. According to the
oxidation tests (Figs. 5–9), sinapic acid at 500 µmol
kgoil

–1 was equally effective as other antioxidants like
Trolox and BHA. In contrast, alpha-tocopherol was a
better antioxidant at 50 µmol kgoil

–1 than at 500 µmol
kgoil

–1 with respect to the inhibition of conjugated
dienes. With respect to hexanal inhibition, both toco-
pherol concentrations (50 and 500 µmol kgoil

–1)
showed similar efficiency.

3.4.2. Antioxidant activity of rapeseed meal extract
The rapeseed meal extract (70% methanol) was

added to stripped rapeseed oil in a concentration that
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was equivalent to 500 µmol per kg oil of total phenolic
compounds. The extract showed similar antioxidative
potential as sinapic acid at a concentration of 500 µmol
kgoil

–1 over a period of 13 days. The results indicate
that rapeseed extracts could be effectively applied to
increase oxidative stability of rapeseed oils.

4. Conclusion

Rapeseed meal extracts or by-products of oil pro-
cessing contain significant amounts of phenolic com-
pounds. Sinapic acid is the major phenolic compound
present in the form of esters and glucosides. The cur-
rent study indicates that phenolic compounds derived
from rapeseed as well as extracts rich in phenolic
compounds are able to effectively prevent lipid oxida-
tion in rapeseed oil. Therefore, extracts from by-
products of rapeseed oil processing can be used to
stabilize refined oils with low amount of endogenous
phenols. This concept can be applied to commercial
refined rapeseed oils after the processing to stabilize
the oils as with antioxidants naturally present in rape-

seed. Antioxidants from rapeseed extracts can also be
used in various food formulations instead of commer-
cial ones. Rapeseed ranks currently the third source of
vegetable oil (after soy and palm) and the third leading
source of oil meal (after soy and cotton). Thus, any
significant contribution related extraction of valuable
compounds from rape meal would have overall a large
contribution to the meal industry.
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