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ABSTRACTCamelina sativa is an oil crop that may be cultivated more widely in Canada. It grows 
well on dry land with low fertility and shows good yield even when encountering both weed and 
insect pressure. The oil content of C. sativa varies from 29.9% to 38.3% and the composition is 
amenable for conversion to a component of aviation jet fuel. C. sativa seeds contain three unique 
glucosinolates. Based on structural similarities between these glucosinolates and glucoraphanin (a 
health promoting glucosinolate found in broccoli),Camelina glucosinolates have potential health 
benefits. The value of this species could be increased if functional properties of the glucosinolates 
and their hydrolysis products are elucidated. Camelina glucosinolate standards are, therefore, 
needed for conducting research into their biological activity. The aim of this study is to demonstrate 
an improved processing method for isolation of Camelina glucosinolate standards. Three 
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glucosinolates, glucoarabin (9-(methylsulfinyl) nonylglucosinolate – GS9), glucocamelinin (10-
(methylsulfinyl) decylglucosinolate – GS10), and 11-(methylsulfinyl)undecylglucosinolate (GS11), 
were confirmed in C. sativa fractions by MS/MS. Reversed phase HPLC was used to separate 
these compounds from the extracts.    

Keywords: Camelinasativa, glucosinolates, isolation 

 

INTRODUCTIONCamelina sativa (L. Crantz), also known as false flax or gold-of-pleasure, is an 
oilseed crop from the Brassicaceae family that is being improved for increased cultivation in 
Canada and abroad. As this species grows well on dry land with low fertility and shows good yield 
when exposed to both weed and insect pressure, it is well suited for use in semi-arid areas, and 
can be used in crop rotations[Johnson et al., 2007]. The oil content of C. sativa seeds varies from 
29.9% to 38.3%, andtypically contains a more than ? %unsaturated fatty acids (S/U ratios 0.11), 
tocopherol (78 mg/100g), phytosterol (511 mg/100g), and cholesterol (35 mg/100g) [Budin et al., 
1995; Schwartz et al., 2008]. The unique composition makes C. sativaoil a potentially valuable 
resource for both food and non-food uses, such as fish feed, jet fuel, biodiesel feedstock,foods and 
dietary supplements [Hixson and Parrish, 2013; Small, 2013]. Some of the most notable research 
conducted on C. sativa oil has been the assessment of biofuel prepared from this material. 

Seed meal of Camelina sativa recovered from cold-press extraction contains considerable residual 
oil (10-15%) and protein (40%), making it a potentially valuable source of animal feed [Pilgeram et 
al., 2009]. The US Food and Drug Administration have approvedCamelinamealas a component 
cattle feed and as a feed ingredient for broiler chicken and laying hens. In Europe, it was also 
approved as novel food. However, it has not been approved by Health Canada. The seed meal of 
Camelina sativa was reported to contain considerable amounts of glucosinolates, sinapine, 
condensed tannins, inositol phosphates and heavy metals [Matthäus and Zubr, 2000]. In 2008, the 
scientific panel of the European Food Safety Authority defined "glucosinolates as undesirable 
substances in animal feed" and concluded specifically that no inclusion of Camelina sativa was 
allowed in the animal feed given evidence of toxic effects even at a low level of inclusion in diets 
[European Food Safety Authority, 2008].  

Glucosinolates are a group of sulfur containing plant secondary metabolites commonly present in 
Brassica vegetables. More than 120 different glucosinolates have been identified in 16 plant 
families, with 30 known glucosinolates from the Brassicaceae family [Fahey et al., 2001]. 
Glucosinolates have little biological activity in their intact form. However, upon thedisruption of 
glucosinolate containing tissue, they are released from plant vacuoles and come into contact with 
the endogenous hydrolytic enzymes called myrosinase. The myrosinase hydrolyzes the 
glucosinolates to release a glucose molecule and an unstable aglucone. The latter compound 
decomposes spontaneously to isothiocyanates and sulfatethough other products have been 
reported. The products of myrosinase hydrolysis contribute to both sensory properties and 
biological activity observed in Brassicaceae plants[Fahey et al., 2001; Bourderioux et al., 2005; 
Grubb and Abel, 2006]. The toxicity of glucosinolates is, therefore, associated with their breakdown 
products, specifically, thiocyanates, oxazolidinethiones and nitriles. These compounds have been 
shown to cause impairment to thyroid function, and consequently damage the liver and kidney 
function [European Food Safety Authority, 2008]. While the natural role of these compounds is 
likely related to plant defense, they have other biological activities that may lead to their use in 
cancer prevention. One example has been the glucosinolate glucoraphanin, which decomposes to 
sulforaphane upon hydrolysis. Sulforaphane has been shown to have cancer chemopreventive and 
inhibitory activity [Hayes et al., 2008]. 
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The seed of C. sativa contains three unique glucosinolates: glucoarabin (9-(methylsulfinyl) 
nonylglucosinolate – GS9), glucocamelinin (10-(methylsulfinyl) decylglucosinolate – GS10), and 11-
(methylsulfinyl) undecylglucosinolate (GS11) [Matthäusa and Zubr, 2000]. The biological roleof 
these glucosinolates, and the toxicity of their hydrolysis products are largely unknown. Based on 
structural similarities between these glucosinolates (the only difference being the length of the 
aliphatic connecting chain) toglucoraphanin, Camelina glucosinolates may have potential health 
benefits. The value of this species could be increased if functional properties of the glucosinolates 
and their hydrolysis products are elucidated. Camelina glucosinolate standards arethereforeneeded 
for conducting research into their biological activity. The aim of this study is to demonstrate an 
improved processing method for isolation of Camelina glucosinolate standards. 

 

MATERIALS AND MEHTODS 

Materials and Chemicals 

All chemicals were HPLC grade and purchased from Sigma-Aldrich(St. Louis, MO). 

Sample Preparation 
Cold-pressed Camelinaoil was settled for 48 hours to allow solids released during pressing to settle 
into a black residue. Oil was decanted from this layer and the residue and remaining oil were 
suspendedin two volumes of hexane and passed through a glass microfiber filter (GF/A, 
Whatman®) in a Buchner funnel. The residue was washed with two more volumes of hexane then 
dried at room temperature in a fume hood. Theresidue became grey after drying at room 
temperature. It is referred to as grey powder in the following experiments. 

Grey powder (0.5 g) was extracted with 80% aqethanol (5 mL) in a centrifuge tube (15 mL) and 
mixture was put on a test tube mixer (Mini Vortex MV1, IKA®, VWR) for 2 min. It was centrifuged at 
4500 rpm for 20 min and the resultant supernatant was collected and concentrated under a stream 
of air. Concentrate was reconstituted with the starting solution for gradient HPLC chromatography(2 
mL) containing 97% H2O with 0.1% formic acid and 3% acetonitrile with 0.1% formic acid.  

Liquid chromatography conditions 
Semi-preparative reverse phase chromatography was performed on an Agilent series 1200 system. 
The system was equipped with a G1311A quaternary pump, a G1322A degasser,a G1367B 
autosampler and a G1315D photodiode array detector. A ChromolithSemiPrep RP-18e column 
(Merck KGaA, Darmstadt Germany, 100 * 10 mm I.D.) set at 25oC was used with an injection 
volume of 96 µL for each run. The binary mobile phase consisted of (A) H2O (with 0.1% formic acid) 
and (B) acetonitrile (with 0.1% formic acid). The gradient started as 97%/3% A/B and linearly 
increased to 50%/50% A/B in 8 min. The solvent composition was returned to 97%/3% in 0.5 min 
and was held at the same composition for another 1.5 min. The gradient and equilibration of the 
column required 10 min for each sample at a flow rate of 3.7 mL/min. Signals were monitored at a 
wavelength of 242 nm with a 20 nm bandwidth against a reference at 300 nm with a 10 nm 
bandwidth. Data analysis was performed using Chemstation for LC 3D™ system software (Agilent 
Technologies, Canada Inc., Mississauga, ON). 

HPLC-MS-ESI analysis 
High resolution HPLC-MS-ESI analysis was performed using the Agilent HPLC 1200 series system 
described previously that was connected to a MicrOTOF-Q II Mass Spectrometer (Bruker Daltonik 
GmbH, Bremen, Germany) with an electrospray ionization source. Samples of 0.2 µL were injected 
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for each run. The binary mobile phase consisted of (A) H2O (with 0.1% formic acid) and (B) 
acetonitrile (with 0.1% formic acid). The gradient started as 97%/3% A/B and linearly increased to 
50%/50% A/B in 8 min, then to 90%/10% A/B in 4 min followed by a hold period of 2 min. The 
starting composition of solvents 97%/3% A/B were restored with a 2 minute gradient and held for 4 
min before another injection was conducted. The analysis time for each sample was 20 min. A 
ChromolithFastGradient column RP-18e (Merck KGaA, Darmstadt Germany, 50 * 2 mm I.D.) was 
used at a flow rate of 0.4 mL/min for confirmation of glucosinolates in the oil extract. Alternatively, a 
ChromolithPerformance column (Merck KGaA, Darmstadt Germany, 100 * 4.6 mm I.D.) could be 
used at a flow rate of 0.8 mL/min with the gradient described above. MS detection was performed 
using negative ion mode. Other MS acquisition parameters were as follows: capillary voltage3500 V; 
nebulizer 6.0 Bar,dry gas 10.0 L/min, source heater dry gas temperature 220 oC, quadrupole ion 
energy 5.0 eV, collision energy 10.0 eV, transfer time 70.0 µs, pre plus storage 5.0 µs, mass range 
50-2000 m/z. 

 

RESULTS AND DISCUSSION 

Detection of Glucosinolates in Camelina oil precipitation 
Glucosinolate standardsare required to perform qualitative and/or quantitative tests on Camelina 
plant tissues. Currently none of the Camelina glucosinolatesare available as standards for 
purchase. Camelina fractions rich in glucosinolates are needed as the raw material for preparing 
standards.  

Camelina glucosinolates differ only in thelength of the n-alkyl portion of the compound. It is likely 
that these three compounds have similar chromatographic properties. Also, the hydrophilic nature 
of the glucosinolate compounds increases the difficulty in retention usinghydrophobic stationary 
phases. In LC-MS method development, two sets of composition for the mobile phase were 
compared: a gradient of H2O with 0.1% formic acid and acetonitrile with 0.1% formic acid and; H2O 
with 0.25% acetic acid and methanol. Other LC conditions and MS parameters were held constant. 
Results showed that these compounds were readily detectedin the Camelina extract though the 
use of first solvent composition gave a much better chromatographic resolution. 

Brassica seed meal is typically used as a source for glucosinolate extraction. Camelina seed 
mealfrom oil extraction was previously reported to be the part of the plant, which contained a 
considerable amount of the corresponding glucosinolates [Matthaus and Zubr, 2000]. In this study, 
an oil-rich precipitate from Camelina seed oil was usedas the raw material for preparing 
glucosinolate standards.  

The initial extractswereconducted on freshcold-pressedCamelina oil (5 mL) that was extracted with 
80% aq ethanol (1.25 mL) for 2 min. The sample was centrifuged and supernatant filtered. An 
HPLC-MS-ESI method was used toconfirmCamelina glucosinolates in the extract using 
aChromolithFastGradient column RP-18e (Merck KGaA, Darmstadt Germany, 50 * 2 mm I.D.) at a 
flow rate of 0.4 mL/min.The MS/MS analysis indicated the existence of three glucosinolates in the 
oil extract, with [M−H]− mass ions 506.1, 520.5 and 534.6, corresponding to the molecular weight of 
deprotonated GS9, GS10 and GS11. The three compounds were detected as they eluted at 4.8, 
5.3 and 6.0 min as emphasized in the circled region in Fig 1. This preliminary experiment not only 
identified the existence of glucosinolates, but also suggested a relatively high concentration of 
these compounds in newly crushed Camelina oil, given the high signal intensity from only a small 
amount of material (5 mL). 
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Figure 1 Mass spectrum of HPLC-MS-ESI analysis of a fresh crushed Camelina oil extract. 

 

Grey powder from the oil precipitation was extracted with 80% aq ethanol as the oil. The 
reconstituted sample was subjected to the same LC-MS-ESI analysis as the Camelina oil extract 
above to confirm the existence of glucosinolates. Ion mass intensities of the three compounds were 
high (Fig 2) with an injection volume of only 0.2 µL of the grey powder extract. Similar to the oil 
extract, the three glucosinolates were detected at 5.3, 5.8 and 6.4 min as they were eluting from the 
column (mass spectra in Fig 3), and it was clear that GS-9, with the [M−H]−ion mass of 506.1 had a 
low UV extinction coefficient at 242 nm.  

 
Figure 2 Mass spectrum of HPLC-MS-ESI analysis of grey powder extract. 
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Figure 3 Mass spectra of [M−H]− mass ions 506.1, 520.1 and 534.2 from grey powder extract. 

 

Glucosinolates isolation using SemiPrep LC from grey powder crude extract 
Preparative scale LC was used to isolate individual Camelina glucosinolates fromextracts of the 
grey powder. Attempts have been made to develop an effective method to collect as many fractions 
as possible from each injection. While 0.2 µL was enough for the LC-MS system to determine the 
compounds on a Chromolith performance column (Merck KGaA, Darmstadt Germany, 100 * 4.6 
mm I.D.) at a flow rate of 0.8 mL/min, a much larger injection volume and flow rate were required 
for preparative work. Using a Chromolith SemiPrep RP-18e column (Merck KGaA, Darmstadt 
Germany, 100 * 10 mm I.D.), a flow rate of 3.7 mL/min with 96 µL for each injection was achieved, 
while resolution and reproducibility were maintained. Each fraction was collectedaccording to 

534.2 -MS, 6.4min 

0

1

2

3

4

4
x10

Intens.

200 300 400 500 600 700 800 900 1000 1100 m/z

520.1

609.2

-MS, 5.8min

0.0

0.5

1.0

1.5

5
x10

Intens.

200 300 400 500 600 700 800 900 1000 1100 m/z

506.1 -MS, 5.3min 

0

2

4

6

8

4x10

Intens.

200 300 400 500 600 700 800 900 1000 1100 m/z



 
 

7 

 

theretention time of the corresponding peak.Different fractions were concentrated using rotavapor. 
The dry concentrate was reconstituted with solutions (1 mL) containing 97% H2O with 0.1% formic 
acid and 3% acetonitrile with 0.1% formic acidbefore being analyzed by HPLC-MS. Four fractions 
which eluted continuously from 4.3 min to 6.1 minwere confirmed to contain glucosinolates, with 
[M−H]− mass ions 506, 520 and 534. On the other hand, these fractions also contained impurities, 
such as rutin with m/z at 609. The first fraction was comparatively pure, which was mostly 506.1.  
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CONCLUSION Fresh cold-pressed Camelina oil containeda considerable amount of glucosinolate, 
which settled from the oil as a grey powder precipitate. Preparative LC could be used as a tool to 
isolate glucosinolates from the grey powder and further experiments could focus on a larger scale 
application of this isolation and purification of different fractions.  
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