
ABSTRACT: A reliable HPLC method was established to eval-
uate the lipid composition of useful plants modified by breed-
ing techniques. This study focused on the polar lipid distribu-
tion and polar lipid FA compositions of four rapeseed varieties.
Structure and quantity of the distinct lipid classes were com-
pared by HPLC using ELSD followed by a GC FA analysis. A
baseline separation of 14 lipid classes could be achieved within
one step by using an eluent gradient of hexane, tert-methylbutyl
ether, isopropanol, acetonitrile, chloroform, triethylamine,
acetic acid, and water supplemented with ammonium sulfate
with a polyvinyl alcohol column. After automatic fractionation,
the FA compositions of the distinct lipid classes were character-
ized by a subsequent complementary GC FA analysis through
direct acetylchloride methylation. The rape varieties analyzed
showed diversity in polar lipid content and distribution, domi-
nated by PC, PE, PI, monoglycosyldiacylglycerols, and phytos-
terols. Extensive variations were detected in FA within the lipid
classes of rape varieties with predominantly oleic acid, linoleic
acid, and α-linolenic acid observed followed by palmitic acid
and gondoic acid. Oleic acid was mainly connected to PC and
linoleic acid to PE, whereas α-linolenic acid and γ-linolenic
acid were predominantly linked to PI in all varieties.
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The effort to refine vegetable sources for dietary, cosmetic, or
technical applications often requires compositional modifica-
tion of plant constituents. Many of those modifications refer
to the FA composition of vegetable oil sources. One of the
most common sources for traditional and modified vegetable
oils is the rape plant (Brassica sp.). In Central Europe both
Brassica napus L. and B. rapa L. are grown extensively and
have even become two of the most important oilseeds world-
wide. Several studies have been conducted to alter the pattern
of protein and fat metabolism of seed oil from B. napus L. by
traditional breeding techniques as well as by genetic modifi-
cations such as antisense expression (1,2) and gene transfor-
mation (3–6). The originally dark yellow oil of the unmodi-
fied rapeseed is dominated by erucic acid glycerides (22:1n-9),

followed by oleic acid (18:1n-9) and linoleic acid (18:2n-6)
(7). However, erucic acid and seed glucosinolates can cause
adverse health effects and negatively affect the taste of this
vegetable oil for dietary use. Therefore, both plant compo-
nents have been eliminated by conventional plant breeding
techniques to create dietary rapeseed oil, which is low in eru-
cic acid (0-Rape) as well as seed glucosinolates (00-Rape).
The substances have been replaced by oleic acid and linoleic
acid (7). These new oil varieties are now mainly used as edi-
ble vegetable oils and as raw material for margarine formula-
tions. In addition to the nutritive value of the oil as a caloric
source, other possible applications of lipids and FA are attrac-
tive. Those alternative applications are basically related to the
molecular structure of the polar lipids, because polar lipids
and their physiological properties are important for emulsifi-
cation applications and for dietary supplements (8). Several
lipid class separations by HPLC have been done for vegetable
oils and animal fats using silica (9), cyanopropyl (10), diol
(11), or polyvinyl alcohol chemically bonded stationary
phases (12) to characterize the composition of the corre-
sponding raw materials in detail. Previous studies have
demonstrated that the properties of an ELSD are useful for a
quantitative HPLC detection of lipid classes within different
polarity classes (13). This detection method has been de-
scribed as highly sensitive for neutral lipids and phospho-
lipids, with an acceptable reproducibility to enable quantifi-
cation (14,15). A clear benefit of this technique is the possi-
bility of detecting lipophilic substances independent of the
absorption properties of eluents or samples and without any
probe labeling of detected molecules (16). The signal inten-
sity of an ELSD seems to be dependent on the development of
droplets of eluents by the nebulizer/evaporator, as well as on
the detector temperature. Thus, the nebulizer/evaporator pa-
rameters and detector temperature have to be optimized for
an adequate detection and quantification of lipids of different
polarities derived from plants within a wide concentration
range.

The current study establishes an improved HPLC method
for the baseline separation and quantification of both simple
and complex lipids in one continuous analysis process. After
automatic HPLC fractionation, a direct-sample methylation
with acetylchloride is provided for an immediate FAME
analysis by GC within one operation sequence to characterize
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the distinct FA pattern of individual lipid classes. A complex
triple eluent gradient using a polyvinyl alcohol stationary
phase is utilized for the separation of a wide range of lipid
classes varying in polarity between sterol esters and lysophos-
phatidylcholine. 

By focusing on the lipid class distribution and FA profiles,
the current study compares four B. napus L. variations with
different genetic backgrounds (winter and summer rape, low
sinapine rape, and high oleic acid rape). The combination of
an improved HPLC method for separation and quantification
of complex plant lipids with direct methylation and GC
FAME analysis to determine their FA patterns provides a
rapid technique to evaluate plant breeding or molecular-
genetic technical modifications of the total lipid composition
of seeds.

MATERIALS AND METHODS

Rapeseed varieties. Winter oilseed rape Low sinapin-NPZ;
winter oilseed rape oleic acid HO-NPZ; yellow seed spring
oilseed rape-DSV, and yellow seed summer rape RAMSCH-
DSV were obtained from the Norddeutsche Pflanzenzucht,
Hans-Georg Lembke KG (NPZ, Hohenlieth, Germany), and
the Deutsche Saatgutveredlung (DSV, Lippstadt, Germany).

Total lipid extraction and solid phase extraction (SPE) of
polar lipids. Seeds (10 g) were ground with an M 20 labor
mill M (IKA Labortechik, Staufen, Germany) and the total
lipids were extracted with chloroform/methanol/water
(10:10:9, by vol) according to Bligh and Dyer (17). Because
rapeseed lipids are dominated by MAG, DAG, and TAG as
well as FFA, the glyco- and phospholipids were purified with
SPE on aminopropyl cartridges by sequential elution. The
total lipid extract was dissolved in chloroform to a maximal
concentration of 40 mg/mL. The neutral lipids and polar
lipids were separated using an aminopropyl-silica column
(ISOLUTE SPE; ITC, Bad Homburg, Germany) with 3 mL
lipids/500 mg column material. The fractionation process was
as follows: (i) The column was conditioned with 4 mL
n-hexane, (ii) a 2-mL sample aliquot was applied onto the col-
umn, (iii) neutral lipids were eluted with 10 mL chloroform/
isopropanol (2:1, vol/vol), (iv) FFA were eluted with 6 mL
2% acetic acid in diethyl ether, and (v) polar lipids were
eluted with 6 mL methanol/chloroform/water (10:5:4, by vol).
The separated fractions were dried under a stream of nitro-
gen. The recovery rate for total phospholipids was ≥96%. 

Lipid class separation and fractionation by HPLC. The
rapeseed lipids were separated by HPLC and fractionated via
automatic fractionation. An aliquot of the lipid extract was
dissolved in chloroform/methanol (2:1, vol/vol) to a concen-
tration of 0.5–2.5 mg/mL.

Lipid class separation was completed with an HPLC Al-
liance 2690 separation module from Waters (Waters GmbH,
Eschborn, Germany) coupled with a PL-ELS 1000 ELSD sys-
tem (Polymer Laboratories, Darmstadt, Germany). Detection
was established at 100°C for the nebulizer and at 100°C for
the evaporator. For lipid class separation, a polyvinyl alcohol

chemically bonded stationary-phase PVA Sil column (5 µm,
250 × 4 mm; YMC Europe, Schermbeck, Germany) was used. 
The eluent system followed that of Christie (9): eluent A:
n-hexane/tert-methylbutyl ether (98:2, vol/vol); eluent B: iso-
propanol/acetonitrile/chloroform/acetic acid (84:8:8:0.025,
by vol); eluent C: isopropanol/water/triethylamine (50:50:0.2,
vol/vol) plus 1 mM ammonium sulfate (Sigma Chemical, St.
Louis, MO) modified according to Guan et al. (18).

All solvents used were of HPLC grade (Merck Eurolab,
Darmstadt, Germany). The solvent gradient system was as
follows: 0–1 min A/B/C (%) 100:0:0; 1–5 min A/B/C (%)
80:20:0; 5–20 min A/B/C (%) 42:52:6; 20–27 min A/B/C (%)
32:52:16; 27–30 min A/B/C 30:54:16; 30–33 min A/B/C (%)
30:70:0; 33–40 min A/B/C (%) 100:0:0. The flow rate was 1
mL/min.

Distinct lipid classes were collected by peak signal recog-
nition with an automatic fraction sampler from Waters. Frac-
tions were collected in 5-mL lockable glass tubes.

Quantification of lipid classes by HPLC. Stock solutions of
1 mg/mL of lipid standards were prepared in chloroform/
methanol (1:1, vol/vol); response factors were determined by
measuring several dilutions of standards (0.025–1.5 mg/mL)
and 5 α-cholestane (5 µg/mL) as an internal standard to quan-
tify the separated lipid components. The following lipid stan-
dards were used: steryl oleate (SE), TAG/tripentadecanoin
(TG), stigmasterol/sitosterol (Sterol), sulfoquinovosyldiacyl-
glycerol (SQDG), dehydroxycerebroside (DHCer), cerebroside
(Cer), digalactosyldiacylglycerol (DGDG), PE-dipalmitoyl
(PE), PA-diheptadecanoyl (PA), PI, PS, PC-diheptadecanoyl
(PC), sphingomyelin (SPH), and lysophosphatidylcholine
(LPC) (Sigma Chemical).

Injections (20 µL) contained 0.5–30 µg lipid. The calibra-
tion curves contained five points representing two replicate
injections. The concentration equation was calculated with
the Millenium32 Chromatography Documentation software
package (Waters GmbH).

FAME analysis by capillary GC. The fractions separated
by HPLC fractionation were flushed with nitrogen to remove
the solvents. For the derivatization, samples were dissolved
in 2 mL methanol/hexane (4:1, vol/vol) plus 0.5% pyrogallol
and were methylated according to Lepage and Roy (19) with
200 µL acetylchloride at 100°C for 1 h; 5 mL 6% K2CO3 was
added and the mixture was centrifuged for 10 min at 2200 ×
g. The upper hexane phase containing FAME was removed
and dried with Na2SO4. 

FAME were analyzed by capillary GC on a Varian
Chrompack LS 32 (Varian Chrompack, Middelburg, The
Netherlands) fitted with a cold split/splitless injector to pre-
vent FA discrimination, as described previously by Kohn et
al. (20). A chemically bonded 50% cyanopropyl-methyl-
polysiloxane capillary column DB23, 40 m Fisons (Varian
Chrompack), was used for the separation of FA species. The
chromatographic conditions were as follows: injector: pro-
grammable temperature vaporization (PTV): 65 to  270°C,
split ratio 15:1; carrier gas flow: helium at a 40 cm/s flow. Sig-
nals were identified by an FID at 280°C. FA were identified
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according to their retention times. The split was time-pro-
grammed for the solvent split injection mode, thus amplify-
ing the signal-to-noise ratio: After sample injection, the split
was opened for 90 s to omit the solvent signal. The split was
closed again and the temperature program was started. The
column oven temperatures were as follows: initial tempera-
ture: 60°C for 0.1 min; from 60 to 180°C at 40°C/min; 180°C
for 2 min; from 180 to 210°C at 2°C/min; 210°C for 3 min;
from 210 to 240°C at 3°C/min; 240°C for 10 min. 

RESULTS AND DISCUSSION

A reliable HPLC method was established to evaluate the lipid
composition of useful plants modified by breeding tech-
niques. The aim of this study was to establish a sequential
procedure whereby the lipid classes of plant seeds could be
separated, quantified, and their FA pattern analyzed. An im-
proved HPLC method was developed with a subsequent GC
FA analysis to compare the polar lipid distribution and polar
lipid FA composition of four rapeseed varieties with different
genetic backgrounds. This method allowed a baseline separa-
tion of all investigated lipid classes with symmetrical peaks
of 14 lipid standards covering a polarity range between steryl
esters, TAG, and several glyco- and phospholipids in one op-
eration sequence within 40 min (Fig. 1). The eluent system
used in this application was established as described previ-
ously by Christie (9) and performed on a chemically bonded
polyvinyl alcohol stationary phase. Gradient and retention
times were changed to establish a precise lipid class separa-
tion. The separation gradient was developed over 33 min,

with an additional 7 min to reactivate the column before the
next analysis (deviation of retention time ±0.2 min). In addi-
tion, the water eluent was supplemented with 1 mM ammo-
nium sulfate according to Guan et al. (18) to prevent column
degeneration and improve reproducibility. The flow rate re-
mained constant at 1 mL per minute. This gradient system is
likewise suitable for the quantitative analysis of major lipid
classes of plant materials. The detection of HPLC separation
was established by the ELSD technique with the possibility
of quantifying the distinct lipid classes. Previous studies have
demonstrated that the properties of evaporative light scatter-
ing are useful for quantitative HPLC detection of different
lipid classes with different polarities (13). Detection is highly
sensitive for neutral lipids and phospholipids, with an accept-
able reproducibility (signal-to-baseline distance ±5%) to en-
able quantification, regardless of the absorption properties of
eluents and sample molecules (14–16). Despite the consider-
able increase in polarity of the eluent, the detector baseline
remained stable, which is a typical feature of this type of de-
tection (16). The calibration curves and equations for the
lipids presented in Figure 2 indicated that the detector re-
sponse was quadratic. Corresponding to the literature (14–16),
the detector response intensities of the distinct lipid classes
were markedly different. PA had an especially low response
but Sterol, TG, and phospholipids had strong signals. The
amount of saturation of FA did not affect detection by influ-
encing the dispersion properties of lipids (data not shown). It
has been discussed that for ELSD, the signal intensity de-
pends on the development of droplets in the nebulizer/evapo-
rator. The polarity of lipids, the presence of carbohydrates,
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FIG. 1. HPLC separation of a lipid standard mixture: steryl oleate (SE), TAG/tripentadecanoin (TG), stigmasterol/sitosterol (Sterol), sulfoquinovosyl-
diacylglycerol (SQDG), dehydroxycerebroside (DHCer), cerebroside (Cer), digalactosyldiacylglycerol (DGDG), PE-dipalmitoyl (PE),  PA-dihep-
tadecanoyl (PA), PI, PS, PC-diheptadecanoyl (PC), sphingomyelin (SPH), and lysophosphatidylcholine (LPC). For separation, a polyvinyl alcohol
chemically bonded stationary phase was used. Eluent gradient A: n-hexane/tert-methylbutyl ether (98:2, vol/vol); B: isopropanol/acetonitrile/chlo-
roform/acetic acid (84:8:8:0.025, by vol); C: isopropanol/water/triethylamine (50:50:0.2, by vol), plus 5 mM ammonium sulfate. The samples were
measured by ELSD. 



and the detector temperature may influence droplet develop-
ment and size and therefore their recognition. For this work,
the nebulizer/evaporator and detector temperatures were opti-
mized to detect lipids derived from plants. The measurement
of the standard mixture by different detector temperatures in-
dicated that the signal intensity was maximal at 100°C (data
not shown). 

The total fat content of all seeds, determined gravimetri-
cally, was between 32 and 40%, in accordance with the litera-
ture (21). The rapeseed oil of all four varieties was dominated
by TG, which represented 98% of total lipid extract (Table 1).
As a consequence, quantification of the polar lipid classes re-
quired purification of the total lipid extract with aminopropyl

cartridges by SPE. After SPE, the main rapeseed lipid com-
ponents PC, PE, PI, SQDG, and phytosterols were separated
with symmetrical peaks as shown in Figure 3. Crude deoiled
rape lecithin has been described as having the following phos-
pholipid distribution: PC (25 wt%), PE (22 wt%), and PI (15
wt%) (7). 

The rape varieties analyzed showed differences in their
polar lipid contents (11.8–15.5 mg/g total fat) as well as in
the distribution of distinct lipid classes such as PC, PE, PI,
SQDG, and phytosterols (Table 2). PC was the predominant
phospholipid in all rape varieties, in a range between 7.1 and
8.1 mg/g of total fat, followed by PE with 2.8–3.7 and PI with
0.1–4.1 mg/g of total fat (Table 1). Each variety characterized
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TABLE 1 
Lipid Compositions of Brassica napus L. Varieties at a Glancea

Winter oilseed rape Winter oilseed rape Yellow seed spring Yellow seed summer
Lipid class low sinapin-NPZ HO-NPZ oilseed rape-DSV rape RAMSCH-DSV

mg/g total fat
TG 983.6 982.5 984.1 980.3
Sterol 0.1 0.6 0.3 0.2
Polar lipids 14.2 11.8 12.6 15.5
SQDG 0.3 0.4 0.5 0.6
PE 2.8 3.4 2.7 3.7
PI 4.1 0.6 2.3 3.1
PC 7.1 7.4 7.1 8.1
aTG, TAG/tripentadecanoin; Sterol, stigmasterol/sitosterol; SQDG, sulfoquinovosyldiacylglycerol; PE, PE-dipalmitoyl; PC,
PC-diheptadecanoyl.

FIG. 2. Calibration curves and equations for the lipid standards.  The different response factors were determined by measuring several dilutions of
standards (0.025–1.5 mg/mL). See Figure 1 for abbreviations.



possesses a special lipid class distribution. Both winter
oilseed rape low sinapin-NPZ and yellow seed summer rape
RAMSCH-DSV showed a high content of polar lipids. Winter
oilseed rape low sinapin-NPZ showed the highest content of
PI, and yellow seed summer rape RAMSCH-DSV had the
highest contents of PC and SQDG. The winter oilseed rape
HO-NPZ had the lowest PI content. Phytosterols were de-
tected only in minor amounts (0.1–0.6 mg/g total fat) in all
rape varieties.

The method described in this study is mild and nondestruc-
tive. The automatically sampled fractions could be methy-
lated directly in the fractionation tubes for the combined
FAME analysis following Lepage and Roy (19). The combi-
nation of these analytical methods enables the  comparison of
integrated FA profiles within the lipid classes of the rape va-
rieties in a continuous process. Extensive variations of the
total and integrated FA patterns were determined (Table 2).
Generally, rapeseed oil is rich in oleic acid (18:1n-9) (56
wt%) and also contains linoleic acid (18:2n-6) (26 wt%) and
α-linolenic acid (18:3n-3) (10 wt%) (7). In this study, the total
FA compositions of the rape varieties were dominated by mono-
unsaturated FA as previously reported (7). Oleic acid, linoleic
acid, and α-linolenic acid were the most important compo-
nents, followed by palmitic acid (16:0), cis-vaccenic acid
(18:1n-7), and gondoic acid (20:1n-9). Stearic acid (18:0),
which is a significant FA in several oils, such as soy oil and
palm oil, is a minor component in rapeseed oil. Winter oilseed
rape HO-NPZ had the highest quantity of monounsaturated
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FIG. 3. HPLC separation and fractionation of the polar lipid extracts de-
rived from different Brassica napus L. varieties after solid-phase extrac-
tion: (A) winter oilseed rape low sinapin-NPZ; (B) winter oilseed rape
HO-NPZ; (C) yellow seed spring oilseed rape-DSV; (D) yellow seed
summer rape RAMSCH-DSV. Before HPLC separation, the neutral lipids
and polar lipids were separated by aminopropyl-silica solid-phase ex-
traction. See Figure 1 for abbreviations.

TABLE 2 
Total FA Composition and Integrated FA Composition of Distinct Lipid Classes of Brassica napus L. Varietiesa

Winter oilseed rape Winter oilseed rape Yellow seed spring Yellow seed summer
low sinapin-NPZ HO-NPZ oilseed rape-DSV rape RAMSCH-DSV

(wt%) (wt%) (wt%) (wt%)

FA Total SQDG PE PI PC Total SQDG PE PI PC Total SQDG PE PI PC Total SQDG PE PI PC

14:0 0.1 2.8 1.0 0.04 1.0 1.2 0.1 1.4 1.0 0.1 2.0 1.8
14:1n-5 6.6 4.8 3.9 7.1 4.8 5.7 6.7 4.1
16:0 5.5 20.5 9.6 17.1 9.1 3.3 9.7 7.0 12.1 4.6 4.5 14.5 9.6 14.4 7.7 5.2 15.8 11.7 16.1 11.4
16:1n-7 0.3 0.7 0.5 0.5 0.6 0.3 0.5 0.6 0.9 0.6 0.3 0.6 0.5 0.8 0.6 0.3 0.6 0.4 0.8 0.6
17:0 0.1 0.9 0.1 0.3 0.1 0.1 0.4 0.1 0.3 0.04 0.04 0.5 0.1 0.2 0.04 0.1 0.7 0.1 0.4 0.1
17:1n7 0.1 0.4 0.2 0.4 0.1 0.1 0.3 0.3 0.9 0.2 0.1 0.3 0.3 0.9 0.2 0.2 0.4 0.6 2.2 0.5
18:0 1.5 16.2 1.1 5.6 0.7 2.8 8.6 1.7 5.7 0.8 1.7 9.6 1.2 4.6 0.9 1.8 10.7 1.3 4.2 1.0
18:1n-9 57.8 26.1 37.8 39.0 58.4 80.0 58.3 65.4 47.8 80.2 56.6 34.2 38.9 26.2 56.7 43.4 25.1 21.6 14.8 38.9
18:1n-7 4.1 3.9 3.3 2.8 2.6 3.3 4.4 2.8 2.4 2.0 4.3 7.6 3.3 2.6 2.5 4.1 8.6 3.7 2.5 3.1
18:2n-6 20.2 10.3 40.7 22.8 26.6 5.2 4.6 18.4 15.8 9.5 19.2 13.6 39.4 34.6 27.2 28.7 16.6 47.1 39.4 36.6
18:3n-6 0.9 0.3 0.3 0.5 0.2 0.4 0.5 0.4
18:3n-3 8.2 3.7 5.6 3.0 3.1 1.7 1.7 2.2 3.0 1.1 8.6 4.4 5.1 6.5 3.4 13.2 5.0 12.1 11.5 7.1
18:4n-3 0.1 0.1 0.05
20.0 0.5 0.7 0.1 0.2 0.9 0.1 0.1 0.6 1.0 0.1 0.1 0.7 1.2 0.1 0.1
20:1n-9 1.0 0.4 0.1 0.1 1.4 0.1 0.2 0.2 0.1 1.8 1.5 0.3 0.2 0.2 1.1 0.7 0.1 0.1 0.1
22:0 0.3 0.9 0.1 0.2 0.4 0.7 0.1 0.1 0.4 0.8 0.1 0.1 0.5 1.0 0.1 0.2
22:1n-9 0.04 2.5 1.1 0.3 1.3 0.1 1.4 1.3 2.6 0.2 1.3 1.7 0.1 0.9
23:0 0.2 0.2
24:0 0.1 1.7 0.2 0.2 1.1 0.1 0.2 0.2 1.5 0.1 0.2 0.3 1.8 0.1 0.5
24:1n-9 0.1 0.6 0.2 0.1 0.1 0.4 0.2 0.6 0.04 0.3 0.6 0.1
SAFA 8.0 43.9 10.8 24.5 10.3 7.7 22.3 8.9 19.8 5.7 7.5 29.5 11.8 20.7 8.9 8.6 33.4 13.7 23.4 12.6
MUFA 63.5 41.2 42.7 49.3 61.9 85.5 71.2 70.5 60.8 83.6 64.6 52.3 43.5 37.7 60.6 49.4 44.3 26.9 25.2 43.5
PUFA 28.5 14.9 46.5 26.2 27.8 6.8 6.5 20.6 19.4 10.7 27.9 18.2 44.7 41.6 30.5 42.0 22.3 59.4 51.4 43.9
aThe fractions of HPLC separations were measured by FAME GC analysis. All data are presented in weight percent (wt%). SAFA, saturated FA, MUFA,
monounsaturated FA. See Table 1 for other abbreviations.



FA due to the high content of oleic acid. In contrast, the yel-
low seed summer rape RAMSCH-DSV possessed huge
amounts of linoleic acid and α-linolenic acid but small
amounts of oleic acid. 

Likewise, there was considerable variation in the FA pat-
terns of the lipid classes of  the rape varieties (Table 2). In
general, myristic acid (14:0) and myristoleic acid (14:1n-5)
were linked to only SQDG and PI. In all rape varieties, oleic
acid was mainly connected to PC, linoleic acid to PE, and α-
linolenic acid predominantly to PE and PI, whereas γ-
linolenic acid was specifically linked to PI and SQDG. In gen-
eral, SQDG was relatively high in saturated FA, PC contained
monounsaturated FA, and PE was high in PUFA. Interest-
ingly, tricosanoic acid (23:0), which was exclusively linked
to SQDG, was detectable in only yellow seed spring oilseed
rape-DSV and yellow seed summer rape RAMSCH-DSV.
Monoglycosyldiacylglycerol contains a high proportion of
PUFA and is abundant in plant leaves, mainly in the chloro-
plasts. In this study, the sulfated monoglycosyldiacylglycerol
SQDG was detected in seeds of all varieties. According to the
definition of Gurr and Harwood (21), plants can be divided
into two groups: 16:3 plants, which contain hexadeca-
trienoate, and (ii) 18:3 plants, which contain α-linolenic acid
in glycosyldiacylglycerols. In this study α-linolenic acid was
determined to be linked to SQDG in all the rapeseed oils.

In addition to environmental influences, the lipid class dis-
tribution as well as the FA patterns of the varieties analyzed
may reflect their genetic background, e.g., expressions of acyl
carrier proteins, phospholipid synthases, acyltransferases, de-
saturases, or elongases. 

Because the properties of lecithins and oils are determined
by the lipid class distribution and heterogeneity of integrated
FA, detailed information on the composition is essential for
efficient applications. Today, rapeseed oil is itself an oil with
an already modified FA composition, since traditional rape-
seed oil was rich in erucic acid. In the future, more complex
modifications of crop constituents will be generated and will
need to be characterized.

As a result, the combination of this improved HPLC lipid
class separation into 14 classes with a direct GC FAME analy-
sis offers a rapid qualitative characterization of lipid struc-
tures derived from plant matrices. Additionally, the quantifi-
cation of the separated lipid classes to evaluate technical
modifications in the field of cultivation or molecular genetics
has been made possible.
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