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ABSTRACT

Background. In the study, an analysis of tocopherols, plastochomanol-8 and phytosterols was conducted us-
ing DH lines obtained from F1 hybrids of reciprocal crosses between yellow- and black-seeded lines.
Material and methods. The biological material for the study consisted of two DH populations of winter 
oilseed rape obtained from F1 hybrids of reciprocal crosses between two DH lines: yellow- and black-seeded. 
Seed color was determined using a ColorFlex spectrophotometer. Fat content was determined via pulsed 
NMR. The levels of tocopherols, and plastochromanol-8 are analyzed using HPLC. Phytosterol contents and 
composition were determined by the GC method. 
Results. The fat content of the black-seeded parental line was 49% and this was higher than that of the 
yellow-seeded parental line (44%). The fat content of DH line populations ranged from 44 to 51%. Total 
tocopherol content ranged from 460 to 602 mg/kg and the α-T/γ-T ratio was from 0.66 to 1.09. In parental 
lines H2-26 and Z-114 the total tocopherol content was 534 and 525 mg/kg, but the α-T/γ-T ratios were 0.81 
and 1.21, respectively. The yellow-seeded parental line (Z-114) was characterized by a higher PC-8 content 
(81 mg/kg) than the H2-26 black-seeded parental line (58 mg/kg). The largest part of the total phytosterol 
content in seeds of both populations was β-sitosterol from 976 to 2148 mg/kg, followed by campasterol, from 
636 to 1364 mg/kg, and brassicasterol from 375 to 678 mg/kg. The total tocopherol content ranged from 462 
to 595 mg/kg (population HxZ) and from 460 to 602 mg/kg (population ZxH). Signifi cantly positive correla-
tions were observed between the seed color with α-T (r = 0.38, p < 0.01), γ-T (r = –0,34, p < 0.01) and PC-8 
content (r = 0.29, p < 0.01). Correlations between the seed color with total tocopherol and total phytosterol 
content were not noted.
Conclusion. Considering the range of genetic variation among doubled haploids of two populations, selected 
DH lines may be good parents for further breeding programs focused on increasing the amount and improv-
ing the quality of oilseed rapeseed oil. However, further studies will also be made to determine the infl uence 
of the environment on bioactive compounds in rapeseed oil. Cross direction of parental DH lines: yellow- and 
black-seeded has some infl uence, albeit not statistically signifi cant, on the diversity of doubled haploid in 
their populations with regard to average fat, tocochromanol and phytosterol content.
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Abbreviations: DH – doubled haploid, α-T – alpha 
tocopherol, β-T – beta tocopherol, γ-T – gamma to-
copherol, δ-T – delta tocopherol, PC-8 – plastochro-
manol-8, H×Z – black-seeded × yellow-seeded DH 
line population, Z×H – yellow seeded × black seeded 
DH line population.

INTRODUCTION

Recently, nutraceuticals, ie. food products ensuring 
prophylactic and therapeutical action through bio-
logically active substances, have gained in popularity. 
They contain substances which are exogenic to human 
organisms and can only be synthesized by plants, par-
ticularly by oilseed ones. The main representatives of 
such constituent are native antioxidants – tocochro-
manols: tocopherols, tocotrienols, which are vitamin-
E active compounds and plastochromanol-8, phytos-
terols, as well as β-carotene and phenolic compounds. 
In the green parts of plants and in the seeds of oil-
seed rape four homologues have been found α-, β-, γ- 
and δ-tocopherol (-T). The main dominant forms are 
α- and γ-T, while δ-T occurred in small amounts and 
β-T in trace (Goff man and Becker, 2001; Marwede et 
al., 2004; Nogala-Kałucka et al., 2005). The ratio of 
α-T to γ-T between 0.54–1.70 (Marwede et al., 2004). 
Furthermore, plastochromanol-8 (PC-8), belonging 
to a non-glycerol substance, occurs with tocopherols. 
The compound belongs to the tocopherol-like group, 
which demonstrate antioxidant properties (Mène-
Saff rané and DellaPenna, 2010). Rapeseed oil is a very 
valuable source of natural bioactive components 
which contribute to the quenching of free radicals dur-
ing metabolic processes. They are the main factor for 
maintaining cell membranes in their proper structure 
and permeability. All tocochromanols are potent li-
pid soluble antioxidants and, like vitamin E, are es-
sential dietary nutrients for mammals (Mène-Saff rané 
and DellaPenna, 2010). All these native antioxidants, 
and phytosterols too, are natural nutritive compounds 
(Hamama et al., 2003; Wittkop et al., 2009), due to 
their anticholesterolemic properties. Phytosterol are 
found in a free form or in ester-bound forms with fatty 
acids or certain phenolic acids (Gül and Amar, 2006; 
Wąsowicz and Rudzińska, 2010). The biological ac-
tivity of phytosterols consists mainly in their capac-
ity to reduce the blood cholesterol level by competing 

with cholesterol during absorption (Gül and Amar, 
2006). Phytosterol also exhibit antipolimerisation 
properties during frying (Blekas and Boskou, 1999). 
Their presence in seeds determines the nutritive value 
of oil – refi ned but mainly cold-pressed (Matthäus, 
2012; Siger et al., 2015). Enhancing its bioactive con-
stituent, such as its tocochromanol and phytosterol 
content, has become an important objective in oilseed 
breeding (Amar et al., 2008a; Dörmann, 2007; Goff -
man and Becker, 2001; Goff man and Möllers, 2000). 

Oilseed rape is a valuable raw material for the pro-
duction of oil, while by-products like meal or cake 
may be used as a good high-protein feed. Hence we 
observe an increasing trend in oilseed rape produc-
tion. The importance of rapeseed in the economy re-
sults in many research programs aimed at improving 
this plant. Until now research has led to a substantial 
increase in the fertility of varieties. A double zero cul-
tivar of oilseed rape with a reduced amount of erucic 
acid (<2%) and reduced glucosinolate content have 
also been developed bred (Booth and Gunstone, 2004; 
Eskin, 2013). Varieties which are benefi cial to health 
through their level of special fatty acids content in 
oil (Friedt and Snowdon, 2009). Breeding of culti-
vars with a high native bioactive compound content 
(tocochromanols, phytosterols) is performed continu-
ously. Many authors present the results of genotype 
x environment interactions on the level of tocopherols, 
fatty acids, phytoserols or sinapate ester in Brassica 
napus (Amar et al., 2008a; Marwede et al., 2004; 
Marwede et al., 2005; Wang et al., 2012; Zhang et al., 
2004; Zhao et al., 2008). However, the majority of this 
research concerns black-seeded Brasica napus. Since 
the 1980s research programs concerning yellow-
seeded rapeseed with a reduced dietary fi ber content 
and high level of fat and protein have been run (Meng 
et al., 1998; Rahman and McVetty, 2011; Rashid et al., 
1994; Relf-Eckstein et al., 2003). This paper studies 
the variability of the tocochromanol and phytosterol 
content in rapeseed breeding lines obtained by re-
ciprocal crossing of black-seeded and yellow-seeded 
parental lines. The search for genetic variability of 
tocochromanol, phytosterol and fat content was initi-
ated in two populations of doubled haploid lines (DH), 
which are particularly useful for rare genotype selec-
tion, because of the simplifi ed genetics in the haploid 
system.
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MATERIALS AND METHODS

Chemicals
5α-cholestane was purchased from Sigma (St. Louis, 
MO). All tocopherol homologues (purity >95% by 
HPLC) were obtained from Calbiochem-Merck Bio-
sciences (Darmstadt, Germany). n-Hexane (HPLC-
-grade), and 1.4-dioxane (HPLC-grade) were pur-
chased from Merck (Darmstadt, Germany). All other 
solvents and chemicals used in this study were of ana-
lytical grade.

Materials
The biological material for the study consisted of two 
populations of doubled haploids of winter oilseed rape 
obtained from F1 hybrids of reciprocal crosses be-
tween two DH lines: yellow and black seeds. These 
DH lines were chosen from two populations which 
were obtained by using an in vitro culture of isolat-
ed microspores (Cegielska-Taras et al., 2002). In the 
study, a H×Z population of doubled haploids was de-
veloped from F1 hybrids obtained from the cross of 
DH H226 (black seeds) × DH Z114 (yellow seeds) and 
consisted of 27 DH lines. The second population of 
doubled haploids (Z×H) was developed from an F1 
hybrid obtained from a cross between DH Z114 (yel-
low seeds) × DH H226 (black seeds) and consisted of 
36 DH lines. A study of bioactive compounds in seeds 
was conducted on plants grown in fi eld trials. Field 
trials were carried out in Łagiewniki, Poland in the 
2008/09 growing seasons on plots of 4.5 m × 1.2 m 
(length × width).

Seeds color
Seed color was determined using a ColorFlex spec-
trophotometer on a scale from 0 (black) to 5 (yellow) 
(Michalski, 2009).

Fat content 
Fat content in seeds was determined via nuclear mag-
netic resonance (NMR), in accordance with Michal-
ski’s method (2005).

Tocochromanol and plastochromanol-8 contents
Samples of seeds (2 g) were saponifi ed using 60% 
KOH (2 mL), ethanol (20 mL) and pyrogallol (0.5 g). 
Saponifi cation was carried out at the ethanol boiling 

point temperature (78˚C) for 30 min. After saponifi -
cation, unsaponifi able substances were extracted us-
ing 50 mL n-hexane/ethyl acetate (90:10 v/v). 100 μL 
of the organic layer (unsaponifi able) were collected 
for high-performance liquid chromatography (Waters 
600 Milford, MA, USA). A LiChrosorb Si60 column 
(250 × 4.6 mm; 5 μm) and a LiChrospher Si60 pre-
column were used. The mobile phase consisted of n-
-hexane and 1,4-dioxane (97:3 v/v). The fl ow rate was 
1.5 mL/min. A fl uorometric detector (Waters 474 Mil-
ford, MA, USA) worked at an excitation of 295 nm 
and an emission of 330 nm (Gawrysiak-Witulska et 
al., 2011). Tocopherols (α-T, β-T, γ-T, δ-T) were iden-
tifi ed by comparing retention time, and concentrations 
were calculated through a comparison of the area val-
ues with values from exterior standard tocopherols.

Phytosterol content
Phytosterol content were determined by the AOCS 
Offi  cial Method with modifi cation by (Ciftci et al., 
2011). In brief, extracted oils (50 mg) were saponifi ed 
with 1M KOH in methanol for 18 h at room tempera-
ture, then water was added and unsaponifi ables were 
extracted three times with hexane/methyl tert butyl 
ether (1:1, v/v). The solvent was evaporated under 
a stream of nitrogen. Dry residues were dissolved in 
0.2 mL pyridine and silylated with 0.8 mL of Sylon 
BTZ (Supelco, Bellefonte, PA, USA). Derivatives of 
the phytosterols were separated on a gas chromato-
graph HP 6890 equipped with a DB-35MS capillary 
column (25 m × 0.20 mm; 0.33 μm; J&W Scientifi c, 
Folsom, CA). A sample was injected in a splitless 
mode. Column temperature was held at 100°C for 
5 min, then programmed to 250°C at 25°C min-1, held 
for 1 min, then further programmed to 290°C at 3°C 
min-1 and held for 20 min. Detector temperature was 
set at 300°C. Hydrogen was used as a carrier gas at 
a fl ow rate of 1.5 mL min-1. As an internal standard 
5α-cholestane was used for phytosterol quantifi cation. 
Phytosterols were identifi ed by comparing retention 
data of standards and the identity was confi rmed us-
ing an Agilent Technologies 7890A GC coupled to 
a 5975C VL MSD Triple-Axis Detector after sepa-
ration on a DB-5 capillary column (30 m × 0.2 mm, 
0.32 mm; J&W). Helium was used as a carrier gas at 
a fl ow rate of 0.6 mL min-1. All mass spectra were re-
corded using the electron-impact ionization mode at 
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70 eV and scanning mass in the range of 100–650 Da. 
The ion source was held at 200°C and the injector at 
300°C. A combination of the NIST Mass Spectra Li-
brary and a laboratory sterol spectra library were used 
for identifi cation.

Statistical analysis
The results are presented as minimum, maximum and 
coeffi  cient of variability from three replicates of each 
experiment. The relationship between the variables 
was assessed using Pearson’s correlation coeffi  cient. 
Its signifi cance was evaluated with Student’s t-test. In-
tra-sample quantity variation of oils sampled was as-
sayed using the Principal Component Analysis (PCA). 
All tests were considered signifi cant at p < 0.05. Sta-
tistical analysis was performed using the Statistica 
10.0 software (StatSoft, Inc., Tulsa, OK). 

RESULTS AND DISCUSSION 

Color measurement and fat content
In the process of androgenesis in vitro of F1 hybrids 
derived from reciprocal crosses of DH lines: black- 
and yellow-seeded obtained two populations of dou-
bled haploid H×Z – 27 lines and Z×H – 36 lines. The 
color seeds of these populations varied from black 
through brown to yellow. The lines were then divided 
according to seed color from scale 0–5 of black-yel-
low respectively (Table 1). Six DH lines in the popula-
tion H×Z and 15 in the Z×H population had a black 
color, while yellow was the seed coat color of 7 DH 
lines in the population H×Z and 2 DH lines in the 
Z×H population. In the latter population 8 DH lines 

were characterized by the brown color of their seed 
coat (2–3 colorfl ex scale). Black seed parental line DH 
H226 had a fat content of 49%, which was higher than 
the yellow seed parent DH Z114 – 44%. However, the 
DH lines of both populations exceed the value of the 
parental lines up to p to 51% of fat. The coeffi  cients of 
variability of fat content were 4.2 and 4.7 (Table 2). 
Comparing the average fat content between the popu-
lations studied (Z×H vs. H×Z) revealed no statistically 
signifi cant diff erence (p = 0.476) (Fig. 1). 

Black oilseed rape is commonly grown and there is 
ongoing work to improve it. To this day, its yield has 

Table 1. Seed color in two populations of doubled haploid lines and parental lines: DH H2 26 and DH Z-114 (colorfl ex scale)

0–1
black color 1–2 2–3 3–4 4–5

yellow color

H×Z (black × yellow) population – 27 DHs 9 3 4 4 7

Z×H (yellow × black) population – 36 DHs 15 4 8 7 2

Parental lines

DH H2 26 — black seed X

DH Z-114 — yellow seed X

Table 2. Range of fat content in two populations of doubled 
haploid lines and parental line: DH H2 26 and DH Z-114

Fat content, %

H×Z (black × yellow) population — 27 DHs

Minimum 44.1

Maximum 51.2

Coeffi  cient of variability 4.2

Z×H (yellow × black) population — 36 DHs

Minimum 43.8

Maximum 50.9

Coeffi  cient of variability 4.7

Parental lines

DH H226 — black seed 49.4

DH Z-114 — yellow seed 44.4
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been improved and double low cultivars have been 
developed and introduced into production. Currently, 
work is being done on increasing the amount of active 
biological compounds such as phytosterols and toco-
pherols (Eskin, 2013; Fritsche et al., 2012; Marwede et 
al., 2005; Marwede et al., 2004; Siger et al., 2015). Stud-
ies of yellow-seeded oilseed rape are being conducted 
with the aim of decreasing the dietary fi ber content of 
the seeds, while increasing their oil and protein contents 
(Rahman and McVetty, 2011; Rashid et al., 1994). Us-
ing a broad range of genotypes including black-, brown- 
and yellow-seeded DH lines, we analyzed the content 
of lipid soluble secondary compounds: tocochromanols 
(e.g. tocopherols and PC-8) and phytosterols, determin-
ing the oxidative stability of the oil and also their essen-
tial function in nutrition.

Tocopherol and PC-8 content
The total tocopherol content for the doubled haploids of 
the two populations ranged from c. 462 to 602 mg/kg 
and the α-T/γ-T ratio was c. from 0.66 to 1.09 (Table 3). 
While parental lines DH H226 and DH Z114 possessed 
total tocopherol contents of 534 and 525 mg/kg, the 
α-T/γ-T ratio ranged from 0.81 to 1.21, respectively 

(Table 3). The highest α-T content (296 mg/kg) was 
observed in the Z×H population, while the highest γ-T 
content (354 mg/kg) was seen in the H×Z population. 
The black-seeded parental line DH H226 possessed 236 
mg/kg α-T and about 292 mg/kg γ-T content in the oil. 
The yellow-seeded parental line DH Z114 contained 
approximately 283 mg/kg α-T and 235 mg/kg γ-T in 
the total amount of these bioactive compounds in the 
oil. Among the doubled haploids of the populations 
tested, plastochromanol-8 content ranged from 48.4 to 
98.0 mg/kg. The highest amount of PC-8 was in seeds 
from the DH line from the Z×H population. The yel-
low-seeded parental line was characterized by a higher 
PC-8 content (81.4 mg/kg) than that of the black-seeded 
parental line (58.3 mg/kg). The coeffi  cients of variabil-
ity were highest for β-T content (34.2% and 52.3% for 
the H×Z and Z×H populations, respectively) and low-
est for the total tocopherol content (5.8% and 6.1% 
for H×Z and Z×H populations, respectively). For the 
α-T/γ-T ratio, a coeffi  cient of variability of about 12% 
was noted. The CV value for PC-8 content was 14.1% 
for the DH lines of the H×Z population and 15.7% of 
DH lines from the Z×H population (Table 3). In the DH 
lines of each population great variation in the value of 

Table 3. Tocochromanol content in two populations of doubled haploid lines and parental lines: DH H2 26 and DH Z-114 of 
winter oilseed rape (Brassica napus L.), mg/kg seed

Tocopherol content, mg/kg Ratio
α-T / γ-T

PC-8 con-
tent, mg/kgα-T β-T γ-T δ-T Total 

H×Z (black × yellow) population

Minimum 202 0.5 238 3.2 462 0.66 49.8

Maximum 267 2.4 354 7.7 595 1.09 87.5

Coeffi  cient of variability 8.15 34.19 8.37 17.9 5.76 11.9 14.08

Z×H (yellow × black) population

Minimum 195 0.5 249 3.4 460 0.66 48.4

Maximum 296 4.1 338 6.3 602 1.08 98.0

Coeffi  cient of variability 9.56 52.27 7.68 17.32 6.08 12.30 15.72

Parental lines

DH H226 — black seed 236 1.9 292 4.5 534 0.81 58.3

DH Z-114 — yellow seed 283 1.8 235 5.6 525 1.21 81.4
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bioactive compounds studied was observed. However, 
there were no statistically signifi cant diff erences be-
tween both populations when total tocopherol content 
(p = 0.245) and PC-8 content (p = 0.477) were com-
pared (Fig. 1).

The content of these constituents in the DH lines of 
the two populations exceed the value of their parental 
lines. In Brassica napus breeding besides improving 
yield and yield stability and increasing the oil content, 
attention has recently been paid to minor seed con-
stituents like tocochromanols (Marwede et al., 2004; 
Marwede et al., 2005) and phytosterols (Amar et al., 
2008b). Improving the composition of bioactive com-
pounds (e.g., tocochromanols and phytosterols) must 
be a major breeding aim for high-quality vegetable 
oil production. Plant oils rich in bioactive compounds 

are preferable for the preparation of functional food. 
Thus, oilseed rape cultivars with increased tocopherol 
content or with altered seed tocopherol composition 
are sought. It has previously been shown that total 
phytosterol and tocochromanol content is aff ected by 
genetic control (Abidi et al., 1999). Thus, it is possible 
to obtain genotypes of B. napus containing bioactive 
compounds that are benefi cial for human health.

Using doubled haploids in breeding can increase 
the effi  ciency of the selection of homozygous lines 
with the desired quality characteristics. In both pop-
ulations of DH lines, higher content of fat, tocophe-
rols, PC-8, and phytosterols, which are considered 
benefi cial in terms of economic and nutritive values, 
were obtained than were present in the parental lines. 
The genetic variation of tocopherol content and its 
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Fig. 1. Comparison of the average fat (A), total tocopherols (B), PC-8 (C) and total sterols (D) content between two 
populations of doubled haploid of winter oilseed rape (Brassica napus L.)
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composition in a collection of 87 oilseed rape geno-
types has previously been shown (Eskin, 2013). How-
ever, this large variation in tocopherol content is partly 
due to environmental factors. Signifi cant genotypic 
diff erences occur, but large genotype × environment 
interaction is the major source of variation (Marwede 
et al., 2004). The fi ndings produced in an earlier paper 
showed that the environmental interaction observed 
with tocopherol content is a source of variation among 
selected DH lines, but the calculated α-T/γ-T ratio 
seemed to be stable across years and location (Siger et 
al., 2015). The coeffi  cient of variability calculated for 
the α-T/γ-T ratio was about 15%, which suggests the 
possibility of selecting desired DH lines. 

The yellow-seeded parental line DH Z114 proved to 
be a source of high α-tocopherol content. Consequent-
ly, a signifi cant correlation was observed between seed 
color and the content of this tocopherol homologue, as 
well as the α-T/γ-T ratio. The results from this study 
of two populations obtained from reciprocal crosses of 

black- and yellow-seeded parents indicated a variation 
in terms of total tocopherol content and α-T/γ-T ra-
tio, and especially PC-8 content. The results of a study 
by Eskin (2013) reveal that yellow-seeded B. napus 
DH lines were characterized by a higher amount of 
α-tocopherol and lower γ-tocopherol content than 
black seeded DH lines. The α-T/γ-T ratio was high-
er in yellow-seeded DHs compared to black-seeded 
lines. Siger et al. (2015) analyzed the tocochromanol 
content in 25 DH lines derived from crosses between 
yellow- and black-seeded oilseed rape and showed that 
the average content of tocopherol was 46.91 mg/100 g. 
The α-T/γ-T factor was 0.97, which indicates that most 
lines contained homologue γ-T. The average PC-8 
content was 6.72 mg/100 g.

Phytosterol content
Total phytosterol content amounted to 4182 mg/kg in 
the DH populations analyzed, whereas parental lines 
DH H226, and DH Z114 contained 3623.6 and 3417.7 

Table 4. Phytosterol content in two populations of doubled haploid lines and parental lines: DH H2 26 and DH Z-114 of 
winter oilseed rape (Brassica napus L.), mg/kg

Brassicasterol Campesterol Stigmasterol β-Sitosterol Avenasterol Total phy-
tosterols
mg/kgmg/kg % of 

total mg/kg % of 
total mg/kg % of 

total mg/kg % of 
total mg/kg % of 

total

H×Z (black × yellow) population

Minimum 426.0 12.8 762.2 25.8 6.2 0.2 1 498.8 51.4 23.6 0.8 2 915.0

Maximum 678.3 16.5 1 332.4 34.2 126.9 3.3 2 144.9 52.1 145.7 3.9 4 127.5

Coeffi  cient of 
variability

11.57 12.87 95.34 9.29 37.67 9.6

Z×H (yellow × black) population

Minimum 357.2 16.9 636.0 30.2 0.00 0.0 976.5 46.3 34.7 1.1 2 108.7

Maximum 593.1 15.5 1 364.6 32.6 105.8 3.2 2 148.2 52.3 169.6 4.8 4 182.5

Coeffi  cient of 
variability

12.13 16.20 75.51 13.31 37.21 12.83

Parental lines

DH H226 – black 
seed

498.6 13.8 1 184.8 32.7 48.6 1.3 1 805.7 49.8 85.9 2.37 3 623.6

DH Z-114 – 
yellow seed

529.0 15.5 881.7 25.8 9.3 0.3 1 930.3 56.5 67.3 2.00 3 417.7
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mg/kg of these bioactive compounds, respectively (Ta-
ble 4). The largest parts of the total phytosterol con-
tent in DH lines of both populations were β-sitosterol 
from 976.5 to 2148.2 mg/kg, campesterol from 636.0 
to 1364 mg/kg and brassicasterol from 357.2 to 678.3 
mg/kg. Other phytosterols, stigmasterol and ave-
nasterol, were represented in trace amounts. In the 
seeds of parental lines, there were similar amounts 
and types of phytosterols, except for campesterol and 
stigmasterol. Yellow-seeded DH Z114 was character-
ized by lower amounts of campesterol (881.7 mg/kg) 
and stigmasterol (9.3 mg/kg) than that of black-seed-
ed DH H226 (1184.8 and 48.6 mg/kg, respectively). 
The coeffi  cients of variability in two DH popula-
tions for total phytosterol were from 9.6 to 12.8% 
for the two major phytosterols: i.e. β-sitosterol from 
9.3% to 13.3% and campesterol from 12.9 to 16.2% 
(Table 4).

Increasing the phytosterol content of oil could in-
crease the value of an oilseed rape crop. High phytos-
terol content is found in the seeds of oilseed plants. 
Among these, oilseed rape has been identifi ed as the 
one with the highest content (Amar et al., 2008a). In 
Brassica napus a large part of phytosterols comprises 
β-sitosterol (45–58%) and campesterol (25–39%), 
followed by brassicasterol and avenasterol, with stig-
masterol occurring in small quantities (Hamama et al., 
2003; Nogala-Kałucka et al., 2005). Increased phytos-
terol content in oilseed rape could constitute an added 
value to oil and its derivatives. In the two populations 
of winter oilseed rape studied the phytosterol content 
of each turned out to be higher than in the work of 
Hamama et al. (2003), although the corresponding 
compounds were all in the similar propotion. Amar 
et al. (2008a) reported a variation in total phytosterol 
content ranging from 2570 to 4150 mg/kg seed for 
three diff erent doubled haploid populations of winter 
oilseed rape tested in fi eld experiments. 

Statistical analysis
The correlation coeffi  cient showed a negative as-
sociation between fat content and the color of the 
seeds. The black-seeded parental line contained 
more fat than the yellow DH one (Table 5). A signifi -
cant positive correlation was revealed between seed 
color and α-T (r = 0.38, p < 0.01) and PC-8 (r = 0.29, 

p < 0.01) content, as well as yellow seeds lines being 
characterized by a signifi cantly higher ratio α-T/γ-T. 
The seed color was signifi cantly negative correlated 
to the γ-T content (r = –0.34, p < 0.01). In contrast, 
total tocopherol and total phytosterol content were 
not correlated with the color of the seeds (Table 5). 
Marwede et al. (2004; 2005) proved a signifi cant 
correlation (0.91 and 0.92) between γ-T and total 
tocopherol content in the DH population. (Wang et 
al., 2012) also showed a similar relationship between 
γ-T and total tocopherol content (0.91) in the TNDH 
population (Tapidor × Ningyou7 doubled the haploid 
population). Siger et al. (2015) showed a statistical 
signifi cant positive relationship between α-T and 
γ-T (r = 0.291, p < 0.05) and negative relationship 
for γ-T and β-T (r = –0.306, p < 0.05), γ-T and δ-T 
(r = –0.247, p < 0.05) and α-T and δ-T (r = –0.025, 
p < 0.05). PC-8 directly correlated with α-T, β-T and 
δ-T (r = 0.116, r = 0.249, r = 0.167, p < 0.05) and 
inversely with γ-T (r = –0.242, p < 0.05) (Siger et 
al., 2015). Principal Component Analysis (PCA) 
confi rmed a variation in the DH line tested in the 
Z×H population of doubled haploid of winter oilseed 
rape (Brassica napus) (Fig. 2). The greatest eff ect 
on factor 1 in PCA is positively correlated with the 
content of brassicasterol (0.85), β-sitosterol (0.84) 
and campesterol (0.84). In turn, factor 2 is nega-
tively correlated with the PC-8 content (0.87) and 
positively correlated with the contents of δ-T (0.88). 
Lines (Z×H: 14; 32; 80) were characterized by a high 
content of tocopherol, whereas and high content of 
phytosterols was observed in lines Z×H: 67; 73; 75; 
76; 85; 107. The PCA scores for the new line in the 
H×Z population of doubled haploid of winter oilseed 
rape are presented in Figure 3. The greatest eff ect 
on factor 1 in PCA is negatively correlated with the 
content of stigmasterol (–0.89), β-sitosterol (–0.78), 
campesterol (–0,74) and avenasterol (–0.60). In turn, 
factor 2 is positively correlated with the level of α-T 
(0.73) and PC-8 (0.62). In the population H×Z line 
40; 41; 54; 61; 66; 71 and 80 high tocopherol content 
was observed. Line H×Z 6; 11; 13; 15; 38; 50 and 65 
were characterized by a high phytosterol content.
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CONCLUSIONS

Considering the range of genetic variation among the 
doubled haploids of the two populations selected, DH 
lines may be good parents for further breeding pro-
grams focused on increasing the amount and improv-
ing the quality of oilseed rape oil. However, further 

studies will also be conducted to determine the infl u-
ence of the environment on bioactive compounds in 
rapeseed oil. Cross direction of parental DH lines: yel-
low- and black-seeded has some infl uence, although 
not statistically signifi cant, on the diversity of doubled 
haploid in their populations with regard to the level of 
average fat and tocochromanol and also phytosterol.
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