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Abstract. Spring false flax (Camelina sativa L.), oil flax (Linum usitatissimum L.), spring rape
(Brassica napus oleifera annua Metzd.), white mustard (Sinapis alba L.), and blue mustard
(Brassica juncea Czern) were studied in order to establish their yield, oil content and quality. It
was found that the highest seed yield (2.82 t ha'!) was formed by spring rape. Yields were also
high in spring false flax (2.68 t ha') and oil flax (2.34 t ha'!). It was found that the highest oil
content was in oil flax (52.2%), blue mustard (45.8%) and false flax (45.0%). The highest oil
yields were provided by spring rape, false flax and oil flax - 1.21-1.25 t ha'l. It was found that
the most physiologically valuable are oil flax and false flax, which have a high content of
omega-3(®-3) fatty acids. It is advisable to use it for therapeutic, prophylactic and dietary
purposes. The cultivation of false flax and oil flax is economically feasible and provides an
environmental effect due to the reduction of pesticides.

Key words: oil flax, false flax, yield, quality, omega-3 fatty acid.
INTRODUCTION

In the structure of sown areas in Ukraine, the most common are cereals and
oilseeds. Sunflower and winter rape occupy a monopoly position in the group of oilseeds.
The situation with sunflower in Ukraine forces us to look for promising types of oilseeds
(Melnyk et al., 2019). In particular, it is oil flax, spring false flax, mustard species. Due
to their biological characteristics and biochemical composition of the oil, they are
gaining popularity.

Important crop in Europe for the production of both oil and fibre is an oil flax
(Linum usitatissimum L.), a member of the family Linaceae (Burbulis et al., 2009).
However among spring oilseeds, false flax is the most resistant to adverse soil and
climatic conditions (Bansal & Durrett, 2016). It grows best in temperate climates, during
droughts and high temperatures reduces the duration of the growing season (Liubchenko
et al., 2020). False flax sowings are less weeded, which is explained by the release of
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essential oils by false flax plants', which inhibits the growth of weeds from the stem
phase to full maturity of the seeds. It is practically not affected by pests and diseases, so
it requires almost no pesticides, which is of great environmental importance (Prakhova,
2013; Shteinyk, 2016). Unlike spring rape, it is also characterized by high resistance of
pods to cracking and shedding of seeds.

The restoration of false flax selection occurred mainly due to the high content of
omega-3 fatty acids (Chen et al., 2015; Obour et al., 2017). False flax oil contains also
other important polyunsaturated fatty acids, has high content of vitamins, is high
resistant to oxidation, so it is therapeutic and dietary (Lykhochvor et al., 2016). It should
be noted that false flax oil is more resistant to oxidation than usual flax oil. The most
common vegetable oils (olive, sunflower, corn) do not contain omega-3, it is also not
enough in oils from hemp, rape, soybeans.

The quality of false flax oil is most affected by the high content of alpha-linolenic
omega-3 fatty acid, which is in the range of 34.8-41.6%. The second place occupies
oleic acid (MarSalkien¢ et al., 2020). According to other data, the content of omega-3 fatty
acids reached 50.2% (Lykhochvor, 2017), and in some varieties - 75% (Drozd, 2011).

For food purposes are used vegetable oils, which contain oleic, alpha-linoleic and
linolenic fatty acids. The human body is able to synthesize saturated fatty acids.
However, it is not able to synthesize polyunsaturated fatty acids - linoleic (omega-6) and
alpha-linolenic (omega-3). Therefore, they must enter the body daily with food. It should
be noted that if there are no problems with omega-6 supply (moreover, it is too much),
then omega-3 supply is in significant deficit (MiSurcova et al., 2011).

Omega-3 (C 18:3, n3) includes alpha-linolenic (a-linolenic), docosahexaenoic and
eicosapentaenoic acids. Their healing properties are extremely valuable for the human
body. Omega-6 (C 18:2, n6) include linoleic, arachidonic and gamma-linolenic (y-linolenic)
acids. It has valuable medical properties, but its positive effects are revealed only by the
correct ratio between omega-6 and omega-3. Omega-9 (C 18:1, n9) includes oleic acid.
It has a number of medical and protective properties. It should be noted that the human
body is able to produce omega-9 at the presence of omega-3 and omega-6 fatty acids.

In some countries of the world, false flax is known as gold of pleasure (Kosir,
2013). Growing technology affects the productivity of false flax. Thus, the yield of false
flax seeds increases and the oil content decreases with increasing nitrogen application
rate (Waraich et al., 2013).

In the conditions of climate change it is expedient to grow new crops, in particular
Camelina sativa L. The highest yield of Camelina sativa L. was by the application of
Noo (Kakabouki et al., 2020).

It appears that spring turnip rape (Brassica rapa L. var. oleifera) and Camelina
sativa L. can both be successfully cultivated with different levels of nitrogen and sulphur
supply. Camelina sativa L. can be an alternative in organic production due to fewer
problems with harmful pests, compared with the traditional oilseed crops, rape and turnip
rape (Henriksen et al., 2009).

Oil flax has prospects for expanding sown areas (Kiryluk & Kostecka, 2020).
Flax oil has the higher content of alpha-linolenic omega-3 fatty acid among oilseeds -
40-57%. Flax seeds and oil are also used as medicines. The oil is used to prepare the
drug linetol for the treatment and prevention of atherosclerosis. However, it should be
borne in mind that oil flax is more soil demanding than false flax.
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The aim of the research was to establish the feasibility of growing oil flax and false
flax and to investigate the content of oil and fatty acids in their crops as an alternative to
sunflower and rapeseed.

MATERIALS AND METHODS

Research was conducted on the fields of Lviv National Agrarian University on dark
gray-podzolic light-loamy soil. The content of humus in the arable layer (according to
the method of Tyurin in the modification of Nikitin) - 2.1%, pH of the salt extract - 6.0.
The content of easily hydrolysed nitrogen (according to Cornfield) was 105, mobile
phosphorus compounds (according to Chirikov) - 140, exchangeable potassium
(according to Chirikov) - 120 mg kg™ of soil.

Spring false flax (Camelina sativa L.), oil flax (Linum usitatissimum L.), spring rape
(Brassica napus oleifera annua Metzd.), white mustard (Sinapis alba L.), blue mustard
(Brassica juncea Czern.) were sown in order to establish their yield, oil content and quality.

The main elements of cultivation technology were as follows. Precursor was winter
wheat. Tillage began with stubble peeling, plowing and spring pre-sowing cultivation.
Depth of sowing - 2 cm with a seeder SN-16A, rows distance - 15 cm. The terms of
sowing depended on the spring time: April 3, 2018, March 20, 2019, April 3, 2020. The
rates of fertilizers application were NeoP30Kes0. Phosphorus and potassium fertilizers were
applied by plowing, nitrogen - by cultivation.

The placement of plots was systematized, repeated three times. The total plot area
was 60 m?, the accounting area - 50 m”. Yield accounting was performed in the phase of
full maturity by the method of sub-section threshing with a Sampo-500 combine and
weighing from each accounting area.

The total oil content in the seeds was determined by the mass of dry non-fat residue
using a standardized reference method in a Soxhlet apparatus by extraction in a water
bath for 8-10 hours. Petroleum ether with a boiling point of 40—65 °C was used as the
organic solvent.

Determination of the oil fatty acid composition was performed by a Paisker
modified method of gas chromatography of fatty acids' methyl esters on a chromatograph
’Chrom-5" (Czech Republic) with flame-ionization detector in isothermal mode.
Chromatography conditions: 3.5 m glass columns with an internal diameter 3 mm, filled
with sorbent Chromosorb WAW 100-120 mesh with a mixture of stationary phases
SP-2300 2%, SP-2310 3%. Gas flow rate 35 mL min™', air flow rate - 300 mL min™', carrier
gas - nitrogen. The temperature of the column - 200 °C, the evaporator temperature -
230 °C, the flame ionization detector temperature - 240 °C. Chart ribbon speed
200 mm h™, scale sensitivity 10-9A, sample volume 5 pl. The fatty acids were identified
by peaks on a gas chromatogram, comparing their retention time with the retention time
of the peaks of standard pure substances with a known qualitative and quantitative
composition. Quantitative estimation of the fatty acid spectrum was performed by the
method of the peak areas' normalization of ethylated derivatives and their composition
was determined in percent.

Mathematical and statistical processing of research results was carried out by the
variance method using Microsoft Excel and Statistica 6.0. The data in the tables and
figures are presented as the arithmetic mean value with standard deviation (x + SD).
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RESULTS AND DISCUSSION

The most productive among the studied spring oilseeds is spring rape - 2.82 t ha™!
(Table 1). The high yield can be explained both by the greater productivity potential of
varieties and hybrids of this crop and the existence of more advanced cultivation
technologies. The lowest seed yield on average for three years with the same technology
was obtained during growing white mustard - 1.82 t ha™' and blue mustard - 1.91 t ha™.
It should be noted that the yield of spring false flax was at the level of rapeseed, it
decreased by only 0.14 t ha™".

Table 1. Seed yield of spring oilseeds, t ha! (x £ SD, n = 6)
Yield

Crop 2018 2019 2020 Average Increase
Spring false flax 2.83+0.12%*%  2.60+0.10¥* 2.61£0.19¥* 2.68+0.20** 0.14
(Camelina sativa L.)

Oil flax 2.50+£0.14%*%  228+£020%* 2.24+0.15%* 234+£022%* 0.52
(Linum usitatissimum L.)

Spring rape 2.94 £0.20%*%* 2,77 £0.17%%* 2,75+ 0.18%** 2,82 £(0.23*** 1.00
(Brassica napus oleifera

annua Metzd.)

White mustard 1.94+£0.15 1.77+0.12 1,75+£0.13 1.82+£0.19 -
(Sinapis alba L.)

Blue mustard 2.02+0.18 1.85+£0.15 1.86+£020 1.9+0.21 0.09

(Brassica juncea Czern.)

Values marked with asterisks are statistically significant compared to White mustard. *P < 0.05; **P < 0.01;
***P <0.001.

Our research on growing false flax has shown the inexpediency of applying
insecticides and fungicides, without which it is almost impossible to grow a high yield
of spring rape. In oil flax yields decreased compared to spring rape and false flax, but
much higher than in mustard species.

The crops differed in oil content. The highest oil content was found in oil flax
seeds - 52.2%, the lowest in white mustard - 40.1%. In false flax, rape and blue mustard
the oil content was almost at the same level (Table 2).

Table 2. Oil content in seeds and oil yield per hectare, average for 2018-2020, (x = SD, n = 6)

Crop Oil content, Increase, Oil yield,
% % t ha'!
Spring false flax (Camelina sativa L.) 45.0 +1.84* 4.9 1.21%*
Oil flax (Linum usitatissimum L.) 522 £ 1.95%** 121 1.22%*
Spring rape (Brassica napus oleifera annua Metzd.) 44.2 +1.61%* 4.1 1.25%**
White mustard (Sinapis alba L.) 40.1+1.17 - 0.78
Blue mustard (Brassica juncea Czern.) 45.8 £ 1.52%* 5.7 0.93*

A clear relationship between crops, oil content and seed yields was not established
(Fig. 1). Different types of dependence were revealed. Spring rape has the highest yield
and average oil content. White mustard is characterized by low yields and lowest oil
content. Blue mustard at low yields has a much higher oil content compared to white
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mustard. Oil flax combines the highest oil content and average yield. The false flax has
a relatively high yield and average oil content.
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Figure 1. The relationship between yield and oil content in the oilseeds, average for 2018-2020
(x+ 8D, n=6).

An important integral indicator of crop productivity is the yield of oil per hectare.
This indicator is the highest in the most productive crop - spring rape. Mustard species
have the lowest oil yield. In false flax it is 1.21 t ha™!, in oil flax - 1.22 t ha™. Oil flax has
a lower yield compared to false flax, but much higher oil content, which provides almost
the same oil yield. Given that the price of flax oil and false flax oil is always higher than
rapeseed oil and the cost of cultivation is lower, oil flax and false flax provide high
economic efficiency. Their cultivation has also a significant environmental effect.

In the last decades, great attention has been given to unsaturated fatty acids because
of their beneficial effect on the function of multiple internal organs, protective and
antioxidant effects and their potential to replace saturated fats in nutrition (Varga, 2018).

The composition of fatty acids in our studies was characterized by the following
indicators. In almost all crops, excepting white mustard, the main fatty acids of the oil
were three acids: linolenic, linoleic and oleic (Table 3). In oil flax and spring rape their
content was 91.4% and 92.0% respectively. In terms of linolenic acid content, oil flax
(56.2%) and false flax (48.8%) prevailed. Blue mustard had a higher content of linoleic
acid. Spring rape was characterized by the highest content (60.5%) of oleic acid.

The content of erucic acid, harmful to animals and humans, in the experiment was
within acceptable limits (spring false flax - 3.0%, spring rape - 0.2%, oil flax - 0.2%).
Exceptions were blue mustard (21.4%) and white mustard (44.5%).

The results of the fatty acids' composition analysis show that the most
physiologically valuable are oils from flax and false flax. The composition of the main
fatty acids of false flax oil is similar to flaxseed oil. The oil from these crops contains an
extremely useful for human health composition of fatty acids.

In research Kollathova et al. (2019) the analyzed oils (sunflower, soybean, flaxseed
and rapessed) 4 oilseeds mainly composed of polyunsaturated fatty acids (PUFA), with
the exception of rapeseed oil which primarily contained monounsaturated fatty acids
(MUFA). The saturated fatty acid (SFA) content, except for soybean oil, was below 10%.
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The most optimal ratio between n-6 and n-3 unsaturated fatty acids (USFA) was found
in rapeseed oil (2.22:1).

Table 3. The content of fatty acids in the oil (%) depending on the crop, average for 2018-2020
(x+SD, n =6)

omega-3 omega-6 omega-9
Crop Linolenic Linoleic Oleic Erucic

(C 18:3,n3) (C18:2,n6) (C18:1,n9) (C22:1,n9)
Spring false flax 48.8 £ 1.21%*%*%  17.2+£0.62*** 18.1 £0.84* 3.0+ 0.22%**
(Camelina sativa L.)
Flax oil 56.2+ 1.30%*%*%  19.2+£0.74*** 16.0+£0.95% 0.2 +0.03%**

(Linum usitatissimum L.)
Spring rape (Brassica napus 11.3 £ (0.95%**
oleifera annua Metzd.)

202+ 1.05%%*%  60.5 £ 1.42%%*% (0.2 £ 0.02%**

White mustard 22.0+1.00 8.3+£0.20 20.5+0.93 44.5+1.20
(Sinapis alba L.)
Blue mustard 21.2+0.86 265+ 1.15%*%*% 2444+ 1.07% 21.4+£0.71%**

(Brassica juncea Czern.)

The study hypothesizes that false flax (Camelina sativa L.), as a high-value biofuel
feedstock, could be grown under humid conditions of western Lithuania and that
nitrogen fertilisation could influence its seed yield and oil content.Methyl esters of false
flax oil have a high iodine value and an especially high content of polyunsaturated
linolenic acid: it reached 38.2% in winter false flax oil and 34.3% in summer false flax
oil (Karcauskiene et al., 2014).

Omega-6 predominates in the foods that are the basis of our daily diet (pork, butter,
sunflower oil, etc.). For a healthy diet, the intake of linoleic (omega-6) and a-linolenic
(omega-3) acids with food should be well balanced and the optimal ratio of these acids
should be 5:1. In some recommendations it is even found 3:1 and 2:1. In modern food
the ratio is far from optimal and reaches 30:1, i.e. there is a significant deficit of omega-3.

To achieve acid balance, you need to use flaxseed or false flax oil, which are high
in omega-3. Flaxseeds have nutritional characteristics and are rich source of ®-3 fatty
acid: a-linolenic acid (ALA), short chain polyunsaturated fatty acids (PUFA), soluble
and insoluble fibers, phytoestrogenic lignans (secoisolariciresinol diglycoside-SDG),
proteins and an array of antioxidants (Singh et al., 2011; Goyal et al., 2014).

CONCLUSIONS

Among the studied crops, spring false flax provides a seed yield of 2.68 t ha,
which is only 0.14 t ha"'less compared with spring rape - the most productive crop.

The most physiologically valuable for the human body are flaxseed oil and false
flax oil. The content of omega-3 fatty acid is highest in flax oil (56.2%) and spring false
flax (48.8%). The oil yield of these crops is 1.21 t ha™ and 1.22 t ha™'respectively.
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