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Abstract

We analysed physical and chemical properties of seeds and oils from different cultivars of winter 
rapeseeds (‘Markus’, ‘Bios’ and ‘Feliks’) that were cultivated using bio-gas natural manure (digestate) 
or with a commercially accessible Yara NPK 5014-28 (NPK) fertilizer, both of which were analyzed for 
element content. Seeds produced without use of fertilizers were taken as control. Prior to cold-pressing 
of oils, seeds were analyzed for fatty acid content. Cultivar ‘Bios’ breed with use of digestate showed a 
lower amount of oleic acid (C18:1), while the ‘Feliks’ cultivar had higher content of this fatty acid and 
lower amounts of linoleic acid (C18:2) as compared to respective controls. In the case of the application of 
NPK fertilizer, the increase in C18:1 was observed for the cultivars ‘Markus’ and ‘Feliks’. In the latter the 
decrease in the content of C18:2 was observed as compared to control. The oils were analyzed monthly 
for photosynthetic pigment content and oxidative stability as well as color during a storage period of 
three months. Oils contained similar amounts of chlorophylls and carotenoids. Oils derived from seeds 
produced with the use of commercial NPK fertilizer were characterized with higher oxidation stability 
(induction time) as compared to digestate. Gradual darkening of the oils was observed. Statistical analysis 
(p<0.05) showed significant correlation between all the color parameters and term of measurements as 
well as with the applied fertilizer. 
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Introduction

Production of the traditional foods following the 
guidelines for sustainable agriculture results from 
caring for health and the environment [1-3]. This is 
usually achieved by applying temporary crops and the 
use of environmentally friendly fertilizers where one 
of the concerns is the quality of soil. Fermentation is a 
well-known process leading to the production of biogas 
and digestate. The latter, containing organic matter, 
is a valuable fertilizer from the point of view of plant 
nutrition [4]. It contains significant amounts of minerals 
(nitrogen, phosphorus, and potassium) and therefore can 
act similarly to mineral fertilizers, where nutrients are 
readily available for plants. 

Recent years have seen an increased interest in using 
natural and safe food, including oils and fats. Rapeseed 
(Brassica napus L.) is one of the most important oilseed 
crops grown around the world [5]. Oil pressed from 
rapeseeds has been classified as a valuable edible fat, 
mainly due to the high level (approx. 90%) of unsaturated 
fatty acids and low saturated fatty acids (6%) [6]. 
Consumption of vegetable oils, among others, helps to 
regulate the administration of lipids within the body by 
lowering cholesterol and triglycerides in the blood plasma. 
It also plays a protecting role against diseases caused by 
the reactive forms of oxygen and acting as a filter of short-
wave radiation [6-10]. Vegetable oils are also reported to 
reduce the risk of heart attack, stroke, coronary heart 
disease, cataracts, Alzheimer’s disease, and cancer [6]. 
Minor components such as carotenoids or chlorophylls 
are responsible for the coloring of virgin or even 
refined oils [11]. During the process of cold-extraction 
these pigments permeate to oil from seeds in amounts 
depending on the seed species, environmental conditions, 
degree of seed maturity, or the storage process. They 
affect the color of the oil, which is one of the basic quality 
characteristics of the obtained product, thereby affecting 
consumer preferences, while they often make the decision 
to purchase on this basis [12-14]. Concerning the content 
of chlorophyll in seeds, at full maturity stage it usually 
amounts to 1-2 ppm, while in the case of physiologically 
matured seed (35 days before maturity) it can be as 
high as 1,239 ppm [15]. It is important to note that the 
chlorophyll concentration does not exceed 25 mg/kg [16]. 
High chlorophyll content negatively affects the quality of 
oils by affecting smell as well as stability as it can possess 
pro-oxidative properties, thus resulting in a darkening of 
the oil. Carotenoids are considered very important due to 
their antioxidant and pro-vitamin activity, and compounds 
reducing the risk of certain cancers or cardiovascular 
diseases [17-20]. Adverse changes in the oils can be caused 
by chemical or biochemical processes initiated previously 
in the oilseeds. Chemical processes occurring under the 
influence of physical and chemical factors such as the 
availability of oxygen and light or elevated temperature 
dominate the state of the oil. Therefore, the conditions 
of storage during which oils undergo unwanted changes 
due to hydrolysis or auto-oxidation are significant. The 

range of oxidative alterations of oils depends on storage 
conditions such as temperature, oxygen and light access, 
and the type of packaging. On contact with oxygen, it is 
possible to initiate free radical chain reactions in fats [21]. 
Light can initiate oxidation with singlet oxygen which is 
characterized by an extremely high reactivity [22-24]. In 
addition, various studies have shown that the oxidative 
stability of vegetable oils strongly depends on its 
chemical composition and on the reactions between the 
unsaturated fatty acids and reactive oxygen species [25-
27]. Furthermore, the rate of oxidation of individual fatty 
acids depends on the degree of unsaturation and especially 
on the oxidation of oleic acid (C18:1), linolenic acid 
(C18:2), and α-linolenic (C18: 3n3) acid [28-30]. Oxidative 
stability of oils can be defined as a sort of its resistance 
to oxidation. This is one of the most important indicators 
of suitability for human consumption. The types and 
amounts of the compounds that are oxidation products 
in the oil depend mainly on the fatty acid composition 
and on storage conditions. The main factor limiting the 
oxidation of lipids is the presence of natural antioxidants 
[31] of different chemical structure, which may affect 
the antioxidant activity and the rate of oxidation of the 
oils [32]. The cooking oil should preferably have high 
stability and resistance to oxidation during long-term use 
[33]. However, the acceptable level of stability may be 
different for the same type of oil due to the differences in 
the oxidative state at the beginning of the storage period 
[34-35]. The aim of our study was to:
1. Compare the properties of rapeseed from plants 

cultivated using of two types of fertilizers by analysis 
of fatty acids content.

2. Compare the quality of obtained oils by analyzing 
their photosynthetic pigments content, oxidation 
stability, and color.

Materials and Methods 

Experimental Material 

The research material consisted of three cultivars of 
seeds of spring rape – ‘Markus’, ‘Bios’ and ‘Feliks’ – 
from the Strzelce Plant Breeding Station, limited liability 
company. Experiments were conducted on micro plots 
(27 m2 each) on light silty soil originating from loess soil 
characterized by a high amount of fine silt, which keeps 
the water very well, is not susceptible to heating, and has 
a tendency to form a crust after rainfall (pH 7.37). Wheat 
was used as a forecrop. Seeds were sown in March and 
crops were collected after reaching full maturity stage 
in August. Two experimental combinations were used. 
In the first combination, digestate derived from a biogas 
plant was used prior to sowing (Bio-Tech limited liability 
company in Piaski, Lublin Province, Poland: electrical 
power 0.99 MW, heat power -1.1 MW, annual production 
of energy c.a. 8,400 MWh) in the amount of 97.2 L/plot 
(36 m3/ha). Silage corn, whey, and green wastes were used 
as an input in a biogas plant to produce biogas and natural 
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manure (digestate). Before use, digestate was analyzed for 
the content of macro elements and heavy metals (Table 1). 
The pH of the digestate used for the cultivation of spring 
rape was 8.73. Analyses were performed by the Regional 
Agrochemical Station in Lublin, Poland. 

In the second variant the commercial multi-compound 
fertilizer Yara NPK 5-14-28 was applied (5% ammoniacal 
nitrogen, 14% P, 28% K, 12.5% SO3, and 3% CaO) in 
the amount of 0.405 kg/plot (150 kg/ha). Doses of each 
fertilizer were chosen on the basis of the producer 
recommendations. Each experiment was conducted in 
triplicate and was accompanied with a control without the 
addition of manure or NPK fertilizer.

After ripening, the seeds were harvested manually, 
cleaned of the rendered dust, and then left in a laboratory 
at 20oC in 60-70% humidity (to compensate for humidity 
for a month). 

Fatty Acid Content

Seeds were analyzed for the fatty acid content in 
accordance with PN-EN ISO 5509: 2001 (oils and fats of 
plant and animal origin – analysis of fatty acid methyl 
esters by gas chromatography) at the Central Agro-
Ecological Laboratory, University of Life Sciences in 
Lublin.

Oil Extraction

Seeds with moisture content of 9% were subjected to 
cold pressing. The oil was pressed using a screw press 
with variable nozzle with a diameter of 8 mm and a set of 

microscopic strainers from Farmet DUO (Czech Republic) 
in the continuous operation mode. The press was started 
and after the stabilization of the working temperature 
the oil pressing process commenced. Stabilization was 
achieved after the pressing of oil from a mass of about 1 
kg of seeds when the temperature was about 70ºC. The 
temperature during pressing was measured with the aim 
of an ama-digit thermometer. The oil after extrusion was 
stored in dark glass bottles at a 5ºC in order to obtain 
natural decantation for six days and then be subjected to 
analyses monthly during a three-month period of storage.

Determining Chlorophylls and Carotenoids

Chlorophyll and carotenoid content was determined 
spectrophotometrically using a double-beam UV-Vis 
Jasco V-630 spectrophotometer (Jasco International Co., 
Ltd., Japan). Spectra of oils diluted 20× with acetone 
were measured within the spectral range of 350-700 nm. 
Photosynthetic pigment concentrations (in µg/mL) were 
determined according to the procedure of Lichtenthaler 
and Buschmann (2001) [36], with slight modifications. 
Each measurement was done in three independent 
replications.

Determining Oxidative Stability 
(the Rancimat Test)

Oxidative stability was measured using a Rancimat 
670 apparatus (Metrohm AG, Herisau, Switzerland). Oil 
samples (2.5 g) were weighed into reaction vessels and 
heated at 120°C under a dry air flow of 20 l/h. The volatile 
compounds released during oxidation were collected 
into a cell containing distilled water, and the increasing 
water conductivity was continually measured. The time 
(expressed in hours) to reach the conductivity inflection 
point was recorded as the induction time (IT). The normal 
time was assessed based on induction time using the 
validation coefficient designated from the dependence 
between induction time and sample temperature by 
StabNet software controlling the Rancimat device. All 
determinations were carried out in triplicate.

Color Parameters

The color parameters were measured according  
to CIE L*a*b* color scale [37]. Prior to analysis all sam-
ples were left for 2 h to equilibrate at room temperature 
and the instrument was calibrated to a white ceramic 
tile (CIE L* = 99.25; a* = -0.60; b* = 1.87). Standard 
10 mm optical path length polypropylene cuvettes were 
filled with 4 ml of specimens. Cuvettes were covered 
from three sides, except the one facing the chroma-
meter measuring head, with cardboard providing  
a white background (whiteness of *****). Measurements 
were performed in darkness. The chroma-meter 
automatically generated three measurements from 
which it calculated a mean color measurement. Color 
coordinates were recorded fivefold for each sample and 

Element Content

N(g/L) 0.119*

P (g/L) 0.12** 

K (g/L) 5.37** 

Ca (g/L) 0.28** 

Mg (g/L) 0.07** 

Cd (mg/L) <0.43 

Pb (mg/L) <0.43 

Ni (mg/L) <0.43 

Cr (mg/L) <0.43 

Mg (mg/L) 0.43 

Zn (mg/L) 2.00 

Mn (mg/L) 2.26 

Fe (mg/L) 70.82 

*Analyzed according to CLA/PSO/13/2013 standard; 
**analyzed according to KQ/PB-76; other elements analyzed 
according to KQ/PB-17 standard

Table 1. Total contents of macronutrients and selected heavy 
metals in digestate used for cultivating spring rape.
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the mean L*a*b* values were calculated. The colorimetric 
measurements of background were taken under identical 
conditions.

Statistical Analysis

Results are presented as means ±standard deviation 
from three (or five, as indicated) replicates of each 
experiment. Significant differences (p<0.05) between 
mean values were determined by the analysis of variance, 
Pearson correlation, and post-hoc Tuckey tests (ANOVA) 
with the assistance of Statistica 10 software. 

Results and Discussion

The physico-chemical characteristics of digestate 
vary substantially according to the operating conditions 
of the anaerobic digestion (AD) plant (e.g., temperature), 
the season, and pre-treatment technologies. Chemical 
composition of a liquid fraction is also highly dependent 
on the efficiency of the used solid/liquid separation 
devices [38]. The digestate agronomic characteristics 
(including organic matter content) and quality as well as 
plant-available nutrients and possibly harmful properties, 
e.g., heavy metals and pathogens, define the effect on 
soils and plants [38]. Analysis indicates that the used 
digestate contained less nitrogen, phosphorus, and 
potassium as compared to the applied NPK commercial 
fertilizer: 0.119, 0.12, and 5.37 g/L, respectively. The 
use of mixtures of plant materials in the process of 
producing digestate contributes to the increase in the  
heavy metals concentration (Cr, Hg, Pb, Zn, etc.) [39]. 
Analysis of the digestate composition showed that the 
content of heavy metals was within the accepted level,  
thus indicating the possibility of its use as fertilizer. 
Digestate in this study was slightly alkaline with pH 

8.73, typical for food and green waste digestates, and its 
pH was higher as compared to digestates characterized 
in other studies (pH 6.7-8.4) [39]. The pH, solids 
concentrations of the digestate, and feedstock are usually 
assessed to evaluate the effect of digestate on soil 
quality and plant growth. The use of alkaline digestate 
could increase NH4-N volatilization from soil during 
spreading, depending on the temperature [40], and the 
acidic digestates can decrease soil pH and enhance heavy 
metal mobilization in soils [41]. Subsequently, the effect 
of digestate pH on soil is dependent on soil characteristics 
[42]. 

It is known that the oxidation of oils depends on many 
factors which include the composition of unsaturated fatty 
acids that are the most susceptible to oxidation reactions, 
storage conditions (heat or light), and concentration 
of oxygen, as well as the presence of transition metals, 
peroxides, or antioxidants [43]. Fatty acid composition 
varies in vegetable oils from different sources, mainly 
depending on cultivar, but also on ripeness and on the 
area of cultivation and climatic conditions [44]. Rapeseed 
oil has a well-balanced proportion of linoleic (C18:2; n-6) 
and α-linolenic acid (C18:3; n-3) at a 2:1 ratio [45]. 

In the presented study control seeds contained between 
62.4 and 65.0 of oleic acid, 18.2-20.5% of linoleic acid, 
and 6.7-7.2% of linolenic acid (Table 2). The previous 
reports showed that the composition of the fatty acid of 
rapeseed amounted to c.a. 60% for oleic acid, c.a. 21% 
for linoleic acid, and c.a 10% for linoleic acid [44-48]. 
Statistical analysis by post-hoc Tukey test showed that the 
‘Bios’ cultivar contained a significantly higher amount of 
oleic acid, ‘Feliks’ had the highest amount of linoleic acid, 
and ‘Markus’ contained the highest amount of linolenic 
acid. Concerning the use of digestate or NPK fertilizer in 
growing the examined cultivars, a statistically significant 
decrease in oleic acid content (in respect to control) was 
observed for ‘Bios’, and a statistically significant increase 

Experiment Cultivar
Content (%)

C18:1 C18:2 C18:3

Control 

‘Bios’ 65.0±0.6 aA 18.2±0.6 aA 6.7±0.2 aA

‘Markus’ 64.6±0.6 bC 18.5±0.7 aA 7.2±0.2 bA

‘Feliks’ 62.4±0.3 cB 20.5±0.3 bB 6.9±0.2 aA

Digestate

‘Bios’ 63.8±0.5 aB 18.7±0.7 aA 7.6±0.2 bA

‘Markus’ 64.7±0.6 bC 18.8±0.8 aA 6.4±0.2 aA

‘Feliks’ 65.8±0.7 cA 18.0±0.5 aA 6.2±0.2 aA

NPK fertilizer

‘Bios’ 64.2±0.5 aC 18.5±0.7 aA 7.1±0.2 aA

‘Markus’ 65.2±0.6 bA 17.9±0.5 aA 6.5±0.2 aA

‘Feliks’ 65.5±0.7 bA 18.0±0.5 aA 6.3±0.2 aA

Values marked with the same letter are not statistically significantly different (p < 0.05)
a-c: differences between cultivars in the experimental group
A-C: differences between samples characterized by usage of different fertilizer and controls (N = 27)

Table 2. Fatty acid content of seeds.
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in ‘Feliks’. Concerning the linolenic acid content, a 
statistically significant decrease (in respect to control) 
was observed for ‘Feliks’. No statistical changes in the 
content of linolenic acid were observed.

Carotenoids and chlorophylls are characterized 
by considerable antioxidant activity, especially at 
the “quenching” of singlet oxygen generated by 
photosensitizers like chlorophylls [50]. Crude canola 
oil frequently contains chlorophyll and chlorophyll 
derivatives, such as pheophytins a and b and 
pyropheophytins a and b. The levels of these undesirable 
pigments are higher in oil extracted from unripened seeds 
[49, 51]. Table 3 summarizes the results of analysing the 
contents of chlorophylls and carotenoids in the pressed 
oils. Concentrations of chlorophyll a estimated in the 
first term ranged 2.2-4.4 µg/mL, chl. b 0.4-4.1 µg/mL, 
and carotenoids 10.4-17.1 µg/mL. Concentrations of 
photosynthetic pigments measured in the second term 
were similar or slightly higher than those registered  
for the first term. The contents of chlorophyll a ranged 
2.1-5.2 µg/mL, chlorophyll b 0.7-2.9 µg/mL, and 
carotenoids 12.0-19.4 µg/mL. In the third term the 
trend in most cases was the decrease in content of both 
chlorophylls a and b, and carotenoids. Analysis of 
chlorophyll and carotenoid content in the examined oils 
during the first measuring period showed high contents 

of these compounds as compared to oil from rapeseed 
bred with the application of commercial NPK fertilizer 
published previously (chl. a -1.8 µg/ml, chl. b - 2.0 μg/ml, 
carotenoids - 8.4 μg/ml) [52]. The results of the statistical 
analysis with use of post-hoc Tuckey tests confirmed 
statistically significant differences between the terms of 
measurements and the content of photosynthetic pigments 
in most cases. 

In the first term, concerning concentrations of all 
photosynthetic pigments, the statistical effect from 
fertilizer was observed for ‘Bios’ and ‘Feliks’ as 
compared to control. The observed effect of the cultivar 
was significant between cultivars in control. In the second 
term the statistical effect on concentrations of chlorophyll 
a was registered for samples characterized by the use of 
NPK fertilizer while statistical effects on chlorophyll b 
were found for NPK fertilizer – both respective to control. 
In the third term the effect of cultivar on chlorophyll 
content was observed for NPK fertilizer as compared to 
control. In the case of carotenoids, the effect of cultivar 
was observed for NPK fertilizer as compared to control 
and digestate. The effect of fertilizer was observed 
in the case of chlorophyll a for ‘Feliks’. In the case of 
chlorophyll b, statistical differences were observed for 
‘Bios’ between control and digestate and between control 
and between digestate and NPK fertilizer. Concerning 

Table 4. Analysis of the induction and normal time (h) of oils.

Parameter Experimental variant Cultivar
Terms of measurements

I II III

O
xi

da
tio

n 
st

ab
ili

ty
 [h

]

Induction time

Control

‘Bios’
8.3±0.1 aA 4.1±0.4 aA 2.13±0.1 aA

Normal time 23.7±0.5 aE 21.4±0.1 cE 20.18±0.2 aE

Induction time
‘Markus’ 

8.4±0.6 aA 7.7±0.2 bB 4.86±0.1 bB

Normal time 21.8±0.5 bF 20.5±0.1 aE 19.89±0.4 bE

Induction time
 ‘Feliks’

8.3±0.1 aA 7.0±0.1 bC 3.72±0.1 cC

Normal time 21.3±0.9 aF 19.9±0.4 bF 18.03±0.1 cF

Induction time

Digestate

‘Bios’ 
7.9±0.4 aA 5.2±0.1 bB 3.5±0.4 aB

Normal time 20.9±0.1 bF 18.5±0.9 bF 13.2±0.1 aG

Induction time
‘Markus’ 

7.7±0.2 aA 5.3±0.3 bC 0.5±0.1 bD

Normal time 21.4±0.1 bF 19.8±0.5 cF 17.5±0.7 bF

Induction time
‘Feliks’ 

8.2±0.1 aA 4.0±0.4 bD 0.3±0.1 bD

Normal time 21.7±0.4 aF 21.6±0.1 aE 20.9±0.1 cE

Induction time

NPK fertilizer

‘Bios‘
8.4±0.1 aA 7.9±0.1 aB 3.7±0.1 bB

Normal time 22.0±0.2 bF 20.4±0.3 aE 19.7±0.6 aE

Induction time
‘Markus’ 

9.3±0.1 aA 8.9±0.1 bC 7.1±0.1 aD

Normal time 23.9±0.7 cE 23.7±0.3 bG 18.2±0.1 bG

Induction time
‘Feliks’ 

8.5±0.2 aA 8.0±0.4 aB 3.8±0.2 bC

Normal time 21.8±0.8 aF 20.6±0.1 aE 20.5±0.9 cE

a, b, c, d, e: average values marked with the same letter are not statistically significantly different (p<0.05); C: control
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carotenoid content the effect of fertilizer was observed 
for all cultivars as compared to control.

Oxidative stability of the oils is affected by many 
factors such as fatty acids composition, the presence of 
antioxidants, and small compounds [53]. Table 4 shows 
the results of analysis of the oxidative stability of the 
examined oils. The results clearly show that the oxidative 
stability (induction time) of the oils and the normal 
time are decreasing in the subsequent measuring terms 
in the case of each experimental variant. Oils produced 
with the use of traditional NPK fertilizer were generally 
characterized by higher oxidation stability as compared 
to controls and to that produced with the use of digestate. 

Induction times found for controls of all cultivars were 
similar and no statistical differences were found. Normal 
time observed for ‘Markus’ (8.4 h) was statistically 
different from the others (lower than ‘Bios’ and ‘Markus’ 
at 8.3 h). The highest induction time in the first term was 
found for ‘Feliks’ (8.5 h) grown on NPK fertilizer, while 
the lowest was for ‘Markus’ bred on digestate (7.7 h). The 
highest induction time in the second term was found for 
‘Markus’ (8.9 h) produced with the use of NPK fertilizer, 
and the lowest for ‘Feliks’ bred with use of digestate.

The highest induction time in the third term was found 
for ‘Markus’ grown on NPK fertilizer, and the lowest for 
‘Markus’ grown on digestate (7.7 h). The use of digestate 

Fertilizer
Specification

Cultivar Term L* a* b* h Chroma ∆H

Control

‘Bios’

I

10.4±0.5 a 0.2±0.1 a 15.7±0.7 a 1. 6±0.1 a 15.7±0.7 a 17.5±0.8 a

‘Markus’ 9.7±0.4 a 0.3±0.1 a 14.3±0.6 a 1.5±0.1 a 14.3±0.6 g 15.9±0.7 b

‘Feliks’ 7.6±1.0 b 1.5±0.1 a 11.0±1.7 b 1.4±0.1 a 11.1±1.7 b 12.0±2.0 c

‘Bios’

II

13.6±0.5 d -0.4±0.1 a 21.5±0.8 d -1.5±0.1 d 21.5±0.8 d 24.3±1.0 d

‘Markus’ 13.5±0.5 d -0.5±0.1 c 21.1±0.9 d -1.5±0.1 b 21.1±0.9 d 23. 8±1.0 d

‘Feliks’ 11.3±0.2 a 0.9±0.1 a 17.7±0.4 g 1.52±0.1 b 17.7±0.4 b 19.7±0.5 f

‘Bios’

III

13.7±0.7 d -0.4±0.1 c 20.7±1.1 d -1.5±0.1 a 20.7±1.1 d 23.5±1.3 d

‘Markus’ 11.8±0.6 a -0.4±0.4 c 18.6±1.1 e -1.5±0.1 b 18.6±1.1 e 20.9±1.3 g

‘Feliks’ 10.7±0.7 a 0.8±0.2 a 16.9±1.3 g 1.5±0.1 a 17.0±1.3 a 18.9±1.5 a

Digestate

‘Bios’

I

10.2±0.4 a 0.4±0.1 a 15.1±0.5 a 1.5±0.1 a 15.1±0.5 a 18.0±1.2 a

‘Markus’ 10.4±0.3 a 0.2±0.1 a 15.5±0.6 a 1.5±0.1 a 15.5±0.6 a 17.3±0.6 a

‘Feliks’ 9.3±0.6 c 0.8±0.1 b 13.6±1.0 c 1.5±0.1 a 13.6±1.0 c 15.0±1.2 b

 ‘Bios’

II

11.9±0.7 c -0.2±0.1 c 18.6±1.2 e -1.6±0.1 b 18.6±1.2 e 21.5±1.0 e

‘Markus’ 12.6±0.3 d -0.2±0.1 c 19.6±0.5 f -1.5±0.1 b 19.6±0.5 e 22.1±0.6 e

‘Feliks’ 11.8±0.3 a 0.4±0.1 a 18.5±0.4 f 1.5±0.1 a 18.5±0.4 e 20.7±0.5 g

‘Bios’

III

13.1±0.5 d 0.1±0.1 a 20.9±0.8 d 1.6±0.1 a 20.9±0.8 d 23. 6±0.8 d

‘Markus’ 11.67±0.5 a -0.3±0.2 c 17. 8±0.9 g -1.5±0.1 b 17.8±0.9 b 20.0±1.0 g

‘Feliks’ 10.3±0.6 a 0.5±0.3 a 16.7±1.3 g 1.5±0.1 a 16.7±1.3 a 18. 7±1.4 a

NPK 
fertilizer

Bios’

I

10.1±1.0 a -0.1±0.1 c 14.0±0.9 a -1.6±0.1 b 14.0±0.9 g 17.5±0.6 a

‘Markus’ 9.7±0.8 a 0.4±0.1 a 14.4±1.2 a 1.5±0.1 a 14.4±1.2 g 16.0±1.4 b

‘Feliks’ 10.3±0.3 a 0.5±0.1 a 14.6±0.5 a 1.5±0.1 a 14.7±0.5 g 16,4±0.5 b

‘Bios’

II

13.2±0.2 d -0.3±0.1 c 20.7±0.3 d -1.6±0.1 b 20.7±0.3 d 23,5±0.3 d

‘Markus’ 12.5±0.5 e -0.1±0.1 c 19.6±0.8 f -1.6±0.1 b 19.6±0.8 e 22.1±0.9 e

‘Feliks’ 13.0±0.5 d 0.3±0.1 a 20.4±0.6 d -1.5±0.1 b 22.6±0.4 f 25.6±0.4 d

‘Bios’

III

12.5±0.5 e -0.5±0.2 c 20.1±0.8 d -1.5±0.1 b 20.1±0.8 d 23.0±0.6 e

‘Markus’ 12.0±0.8 a -0.4±0.2 c 18.3±1.4 e -1.5±0.1 b 18.3±1.4 e 20.6±1.6 g

‘Feliks’ 12.3±0.1 e -0.2±0.1 c 18.6±1.7 e -1.6±0.1 b 18.6±1.7e 21.0±1.9 g

a-h: average values marked with the same letter are not statistically significantly different (p<0.05) (N = 166)

Table 5. Analysis of the colors of the samples of rapeseed oil according to the CIE L*a*b*standards.
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generally produced an effect of decreased induction  
time. Statistical effects were found for the second and  
third terms for ‘Markus’ and ‘Feliks’. Although an increase 
in induction time was observed in all the measurement 
terms for oils extracted from seeds produced with the 
use of NPK fertilizer for all the terms of measurements, 
statistical differences were found for the second (all 
cultivars) and third terms of measurement (‘Bios’ and 
‘Markus’). No statistical differences concerning induction 
time were found for the first term of measurements except 
for the statistical difference in control group between 
‘Bios’ and other cultivars. The statistical effect of cultivar 
was found for controls in the second term between ‘Bios’ 
and other cultivars as well as for the group produced with 
the NPK fertilizer between ‘Markus’ and other cultivars. 

Oxidative stability parameters obtained in this study 
in most cases were relatively high in both analyzed 
variants, especially in the first period of measurement, 
and were higher than obtained previously for a winter 
rape oil (4.0h) [52]. 

In our case the seeds were not subjected to any 
process of heating prior to oil pressing in order to achieve 
greater efficiency of the resulting oil. The previously 
reported oxidation stability was lower than that obtained 
in this study [50]. A similar induction time was obtained 
after heating the seeds for 2 (5 h) or 4 min (8 hours) in a 
microwave [53-54]. Such high oxidative stability in the 
first month of storage can be explained by the relatively 
high content of compounds that function as antioxidants, 
i.e., the presence of carotenoids and chlorophylls in our 
case.

Table 5 shows the parameters characterizing colors  
of the examined oils. As can be seen, the color of the 
different cultivars during different terms of measure-
ments varies considerably. All the oils are relatively  
dark, as shown by the luminosity L* from the range of 
7.6 to 13.7. For the control samples and oils obtained 
from seeds cultivated on digestate initially the color is 
yellow (b* between 11.0 and 21.5) with an admix of green 
(positive values of a*). With time, the color becomes more 
intense and the admixture passes into red (negative a* 
values). 

Parameter L* increases with time, which indicates 
change in the initial yellow color. Hue angle h refers to 
pure color in terms of shade. As seen, the oils are generally 
yellow with a tint of other colors. In the case of positive 
h values this indicates the addition of green, and in the 
case of negative values the addition of red. As seen from 
hue angle h the admix of green is observed exclusively 
for control samples in the first term of measurements. 
Chroma of the color is the measure of how pure or intense 
the color is. Since it can take values between 0 and 100 it 
is indication of other components. ∆H = 1 is the smallest 
color difference the human eye can see. Therefore it can 
be noticed that although there is a slight difference in 
colour between the oils originating from plants grown 
on digestate or commercial fertilizer, there is an increase 
in that parameter over time, which clearly indicates 
darkening of the oils in most cases.

Statistical analysis at a significance level p<0.05  
showed statistically significant correlation (-0.097) 
between the oil cultivars and L* parameter, as well 
as between the oil cultivars and the distance from 
the background ΔH (-0.13). Statistically significant 
correlations were found between all the colour 
parameters and terms of measurements (L:0.61, a*: 
-0.38, b*: 0.64, h:-0.33, chroma: 0.64 and ΔH: 0.62) 
as well as between the applied fertilizer and colour 
parameters (L:0.16, a*: -0.37, b*: 0.12, h:-0.29, chroma: 
0.11 and ΔH: 0.14). Strong correlation was found  
between induction time and the terms of measurements: 
0.95, 0.94, and 0.97 for first, second, and third terms, 
respectively.

Conclusions 

1. Seeds from the ‘Bios’ cultivar bred with the use 
of digestate showed a lower amount of oleic acid 
(C18:1),while seeds from ‘Feliks’ had higher content 
of this fatty acid and lower amounts of linoleic acid 
(C18:2) as compared to respective controls.

2. In the case of the application of NPK fertilizer, the 
increase in C18:1 was observed for seeds from 
‘Markus’ and ‘Feliks’. In the latter the decrease in the 
content of C18:2 was observed as compared to control. 

3. The increase in chlorophyll content upon using both 
fertilizers were found during the first measurement 
term as compared to control. 

4. Oils derived from seeds produced with the use 
of commercial NPK fertilizer were characterized 
by a higher oxidation stability (induction time) as 
compared to digestate.

5. Gradual darkening of the oils was observed. All the 
oils were relatively intense in yellow color with a 
tint of green at initial storing stage passing into a red 
admixture. This effect was most visible for control 
and the sample produced using digestate. 
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