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Glucosinolate content and composition as parameters of quality
of Camelina seed
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Abstract

Camelina sati6a (L.) Crtz. (false flax, gold-of-pleasure) is an ancient cruciferous crop which has lost its importance
as an oil crop in Central Europe in modern times. However, showing highly valuable ingredients and agronomical
traits it could be an alternative for non-food usages. Via HPLC analyses a total of three sulfinyl-glucosinolates were
determined in the seeds of Camelina. The main glucosinolate with a content of approximately 65% of the total is
10-methyl-sulfinyl-decyl-glucosinolate (glucocamelinin). The total glucosinolate content in the available collection
varied from 13.2 to 36.2 mmol/g dry seed, the mean being 24 mmol. Furthermore, for Camelina an evident influence
of environment on glucosinolate content was found. The mean glucosinolate content of ten genotypes grown at seven
locations in Germany varied from 18.0 to 31.4 mmol. © 1998 Elsevier Science B.V.

Keywords: Camelina sati6a ; HPLC analyses; Glucosinolate composition; Glucosinolate content

1. Introduction

Camelina sati6a (L.) Crtz. (false flax, gold-of-
pleasure) was an important oil crop in Europe
during the Bronze and Iron Ages (Kroll, 1994). It
is very well adapted to the European climate,
however, since Middle Ages Camelina was only
cultivated in a small scale. Looking out for renew-

able resources, it has been re-discovered recently
(Bramm, 1993; Budin et al., 1995). The oil of
Camelina can be used for the production of soaps
and colours and even as fuel in vegetable oil
engines.

Botanically, Camelina is a member of the Bras-
sicaceae family. The yellow flowers are very small
(about 5 mm diameter) and self pollination is
predominant (Tedin, 1922). The fruits are pear-
shaped pods that contain 10–25 yellow-reddish
seeds. These are very tiny, the 1000-seed weight is
about 1 g on average and the variation in the
available collection ranges from 0.3 to 2 g.
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An economical usage of Camelina oil would
require an application for the shred as well. Ac-
cording to a current directive on animal feed stuff
it is not allowed to feed Camelina seed or meal to
animals (Weinreich et al., 1994). It is not known,
however, why this prohibition still exists, since
recent research shows, that it is possible to use
meal of false flax for animal nutrition (Böhme
and Daenicke, 1994; Lebzien et al., 1995). A
reason for this prohibition may be attributed to
the glucosinolate content typical for crucifers.
Glucosinolates themselves show no toxic effects to
mammals, but some of their enzymatic metabolic
products do. Therefore, the available collection
was analyzed for glucosinolate composition and
content.

2. Material and methods

Via high performance liquid chromatography
(HPLC) the seeds of the whole available collec-
tion (278 genotypes, i.e. 214 summer and 64 win-
ter forms), grown in 1993 in Rauischholz-
hausen/Hesse were analyzed in order to determine
their glucosinolate composition and content
(Schuster, 1997). The samples were prepared ac-
cording to a method for rapeseed described by
Demes (1989). The respective glucosinolates were
identified with respect to their retention time. In
order to determine the glucosinolates quantita-
tively, the ‘Internal-Standard-Method’ (Buchner,
1988) was applied, using a response factor of 1.07
according to Lange et al. (1995) and ‘glucotropae-
olin’ as internal standard.

Table 1
Genotypes for determination of environmental effects on glu-
cosinolate content

Genotype Status/originName

Cultivarcv. Lindo1
cv. Bavaria2 Cultivar
cv. Soledo3 Cultivar

4 Cultivarcv. Licalla
5 Breeding lineM338

Breeding line599636
7 WIR 2/92 Gene bank at St. Petersburg
8 Gene bank at St. PetersburgWIR 3/92

92/055 25/87 Gene bank at Gatersleben9
10 Cultivargene bank of Gaters-92/063 28/81

leben

To determine environmental effects on the glu-
cosinolate content, ten genotypes of Camelina sa-
ti6a (Table 1) were cultivated at seven locations
(Table 2) and analyzed for their glucosinolate
content as well.

3. Results and discussion

For determination of the glucosinolates of
Camelina sati6a it was necessary to modify the
established method for analyzing glucosinolates in
rapeseed (Demes et al., 1988). The essential
changes were as follows:
� adaptation of water/acetonitril gradient;
� usage of short (125 mm) analytical columns;
� usage of ‘glucotropaeolin’ as internal standard.

As shown in the chromatogramme in Fig. 1, a
total of three glucosinolates could be found in the
respective analyses, i.e. 9-methyl-sulfinyl-nonyl

Table 2
Origin of seeds for determination of environmental effects on glucosinolate content (Germany, 1995)

ThyrowKleinmachnowKritzkowDornburgSoestLocation Gross-Gerau Rauisch-
holzhausen

NorthRhine- Thuringia Mecklenburg-HesseHesse Brandenburg BrandenburgState
Westphalia Western

Pomerania
Type of soil Loamy sandSandy loamLoessSandy loamLoessWater meadow Loamy sand

4/4/952/5/956/4/954/4/95Drilling 13/4/9512/4/9524/4/95
10/8/9531/7/9518/7/95 9/8/95Harvest 3/8/95 27/7/95 8/8/95
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Fig. 1. Chromatogramme of glucosinolates of Camelina (cv. Soledo). IS, internal standard; GSL 1, 9-methylsulfinylnonyl-glucosino-
late; GSL 2, 10-methylsulfinyldecyl-glucosinolate (glucocamelinin); GSL 3, 11-methylsulfinylundeyl-glucosinolate.

glucosinolate (GSL 1), 10-methyl-sulfinyl-decyl
glucosinolate (GSL 2, glucocamelinin) and 11-
methyl-sulfinyl-undecyl glucosinolate (GSL 3).
This chromatogramme represents the typical glu-
cosinolate composition in C. sati6a. The main
glucosinolate with a content of approximately
65% of the total glucosinolates is glucocamelinin.
In Fig. 2 the chemical structure of glucocamelinin
is given. This glucosinolate, as well as GSL 1, was
also identified by Daxenbichler et al. (1991) in
other species, e.g. Arabis alpina, Capsella bursa-
pastoris, while GSL 3 was detected in Camelina
only.

In most of the genotypes analyzed, GSL 1
showed a higher content than GSL 3. This is
demonstrated in Table 3, where the glucosinolate
composition and content of some selected lines
and the mean of all analyzed genotypes is pre-
sented. A correlation coefficient of r=0.767 for
the relationship between total content of glucosi-
nolates and content of GSL 1 confirms this find-
ing as well. The majority of genotypes which
showed a higher content of GSL 3 than GSL 1
where either winter types or wild types, i.e. C.
microcarpa and C. pilosa.

The frequency of the total glucosinolates con-
tent of the analyzed genotypes, i.e. winter and
summer types, is shown in Fig. 3. The total
content of glucosinolates varies between 13.2 and
36.2 mmol/g dry seeds with a mean of 23.9 mmol.
Strikingly, the winter types exhibit a definitely
lower glucosinolate content than the spring types.
This is contradictory to findings in rapeseed,
where spring varieties (e.g. ‘Bronowski’) usually
display distinctly lower contents (Röbbelen and
Thies, 1980).

Regarding environmental effects, the glucosino-
late results of seeds of 10 lines of Camelina sati6a,

Fig. 2. Chemical structure of glucocamelinin (according to
Kjær et al., 1956).
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Table 3
Glucosinolate composition of selected Camelina lines, grown in 1993 at Rauischholzhausen, Germany

Total glucosinolate contentGSL 2 (mmol/gGenotype Species Type GSL 3 (mmol/gGSL 1 (mmol/g
dry seeds)dry seeds) (mmol/g dry seeds)dry seeds)

18.0 2.4 28.54/93 8.1C. alyssum Summer
2.2 18.724/93 C. sati6a Summer 4.6 11.9

12.2 2.4cv. Lindo C. sati6a Summer 5.8 20.4
3.417.3 27.330/93 6.6C. sati6a Summer

9.3 23.1 3.8 36.292/93 C. sati6a Summer
14.2 4.32/93 C. microcarpa Summer 1.3 19.8

11.120.0 32.26/93 1.1C. pilosa Summer
2.0 15.0 3.1 20.179/93 C. sati6a Winter

25.85.117.380/93 3.4C. sati6a Winter
23.92.8Mean (n=278) — — 5.8 15.3

Standard deviation of total glucosinolate content=4.6.

Fig. 3. Glucosinolate content in mmol/g dry seed of 278 Camelina genotypes; winter and summer types are represented by light and
black columns, respectively.

grown at seven locations in Germany, are given in
Table 4. This shows a considerable interaction
between genotype and location with regard to
glucosinolate content. The variation shown here is
distinctly larger than the environmental effects of
915% described by Röbbelen and Thies (1980)
for rapeseed. The reason for the great variation
observed here may be found in the different sul-
phur supply of the soil at the different locations,
because sulphur containing amino acids are re-
quired for the biosynthesis of glucosinolates. In
the past, sulphur nutrition of arable crops has
been largely ignored as the inputs from the atmo-

sphere were sufficient for most crops. However,
emissions of sulphur dioxide (SO2) in Europe have
decreased significantly during the last years. As a
result, shortage of sulphur has become a serious
problem in some areas (Good et al., 1995). Espe-
cially the samples from locations in the Eastern
part of Germany showed high levels of glucosino-
lates. In these areas coal with a high sulphur
content has been used as fuel for a long time, so
it can be suspected that the soils at those locations
show higher levels of sulphur. Therefore it is
likely that the available sulphur influenced the
content of glucosinolates of the Camelina sati6a
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Table 4
Glucosinolate content of ten Camelina lines, grown in field trials at seven locations in Germany, 1995

MeanThyrowGenotype Dornburg Soest Rauischholzhsn. Gross-Gerau Kritzkow Kleinmachnow

25.1 20.8cv. Lindo 26.2 22.2 18.1 18.9 22.022.8
27.429.4cv. Bavaria 22.928.9 26.319.0 15.8 13.7

26.8 23.4 28.6cv. Soledo 24.233.1 21.5 19.5 16.2
26.026.726.4cv. Licalla 34.9 27.426.0 20.5 19.8

28.6 33.3M338 35.5 21.9 21.4 20.8 24.4 26.2
31.4 28.059963 33.6 22.9 22.2 12.9 26.7 25.4

33.328.6Russl.2 26.230.8 29.922.9 21.2 16.7
23.5 30.0 31.8Russl.3 34.9 29.1 22.8 28.124.8

24.829.332.692/055 26.0 25.922.5 16.3 20.8
24.730.192/063 30.0 21.3 18.9 14.9 27.7 29.7
25.128.9Mean 31.4 22.9 19.7 18.0 26.1 28.5

Glucosinolate content is expressed in mmol/g dry seeds.
* PB0.05; genotype, 0.17; location, 0.14.

varieties tested. However, this hypothesis could
not be further proved because of the design of the
trial.

4. Conclusions

Because of the substantial variation of the total
glucosinolate content in Camelina it can be ex-
pected to reduce the content by breeding. But, due
to the relatively low content of glucosinolates in
general, this seems to be of secondary importance
only.

In several feeding trials with pigs and ruminants
(Böhme and Daenicke, 1994; Böhme and Aulrich,
1995; Lebzien et al., 1995), it was found, that the
meal of Camelina is a feeding stuff with high
contents of protein and energy, similar to shred of
rapeseed. It can be used as a forage for pigs and
ruminants, but the ration should be adjusted to
the respective animal species.

For proving the hypothesis that the available
sulphur in soil is responsible for the glucosinolate
content of Camelina varieties it would be neces-
sary to determine sulphur and glucosinolate con-
tent of Camelina sati6a grown under different
levels of sulphur nutrient.
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