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Abstract 
The current 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. The following objectives were pursued: 1) to determine the optimum nitrogen fertiliser rate for 
winter (N0, N50, N100, N150) and summer (N0, N30, N60, N90, N120) types of  false flax, 2) to estimate false flax seed 
oil content, its composition and feasibility to use it for the production of biodiesel fuel. The experiments were 
conducted in 2008–2011 at the Vėžaičiai Branch of the Lithuanian Research Centre for Agriculture and Forestry. 
It was revealed that the highest (1.28 t ha-1, in 2010) and (1.29 t ha-1, in 2011) as well as cost-efficient summer 
false flax seed yield was produced having fertilised with 90 kg ha-1 of nitrogen. Significantly highest (1.2 t ha-1, 
in 2011 and 1.6 t ha-1, in 2010) winter false flax seed yield was obtained having fertilised with N100. In our study, 
the seed oil content of summer false flax amounted to 40.3% and that of winter false flax was lower – 37.0%. 
Nitrogen fertilisation (N150 and N120) increased protein content in winter false flax seed from 22.98% to 26.97% and 
in summer false flax seed from 20.53% to 23.23% and did not reduce seed 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. Therefore false flax methyl esters can be used as fuel for 
diesel engines only in mixtures containing 40–50% of methyl esters of animal origin (used frying oil or pork lard). 
The most effective antioxidant Ionol BF200 (optimal dosage – 500 ppm) as well as the most effective depressants 
Wintron XC-30 (optimal dosage – 1500 ppm) and Infineum R-442 (optimal dosage – 1200 ppm) were selected for 
improvement of oxidation stability and cold flow properties of esters. 
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Introduction 
In Lithuania, as well as across the Member States 

of the European Union, biodiesel fuel is produced mainly 
from rapeseed oil. Increasing demand for conventional 
feedstock to be converted to biodiesel is limited by the 
field area and growth potential (290.000 ha of rapeseed in 
Lithuania). Another problem related to the production of 
biodiesel is that its production involves the use of rapeseed 
oil suitable for food purposes. In order to minimize the 
adverse impact of the production of biodiesel on the 
food sector, it is necessary to look for alternative biofuel 
sources for the production of biodiesel. 

False flax (Camelina sativa L.) could be one of 
such oilseed crops (Zubr, Matthäus, 2002). Because of 
the high content of unsaturated fatty oils, false flax seed 
oil belongs to the group of fast-drying oils. Therefore, 
it is used for the production of environmentally friendly 
polymers, varnishes and paints. Like all other vegetable 

oils, false flax-seed oil can be used for technical purposes, 
especially for biodiesel fuel production (Budin et al., 
1995; Peiretti, Meineri, 2007). Therefore it is necessary 
to produce high false flax seed yield. Literary review 
shows the positive effect of nitrogenous fertilization on 
false flax seed yield (Ryant, 2003; Johnson et al., 2008). 
Research conducted in Germany showed that the highest 
yield (2.28 t ha-1) of summer false flax in loamy soil is 
produced after fertilizing with 80 and 120 kg ha-1 rates of 
nitrogen fertilizers, at a sowing rate of 400 seeds per m2 
(Agegnehu, Honermeier, 1996). Research conducted in 
England and France showed that the recommended rate of 
nitrogen fertilizers for summer false flax is 100 kg ha-1, at 
a sowing rate of 350 seeds per m2. Some authors suggest 
more intensive (120–130 kg ha-1 N) use of nitrogen 
fertilizers (Person et al., 1999). According to studies in 
Canada, the seed yield of false flax was influenced by 
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location (Gugel, Falk, 2006). Lo ák et al. (2011) indicates 
that false flax can be grown on virtually all kinds of soils, 
with the exception of heavy, waterlogged and acid soils 
and on weed-infested land. False flax is able to realize the 
high yield capacity only on favourable soil and growing 
conditions (Agegnehu, Honermeier, 1996). Compared 
to rapeseed, false flax is more resistant to unfavourable 
climatic conditions, especially high resistance against 
drought and low temperatures was noticed (Vollmann 
et al., 2007). Baranyk et al. (1995) proved that the average 
oil content of the seeds is over 30%, although literary 
data indicate that it is as much as 42%, including a high 
content of unsaturated fatty acids (Zubr, Matthäus, 2002; 
Abramovič, Abram, 2005; Berti et al., 2011). However, 
it is probable that the biodiesel fuel will fail to comply 
with the requirement of standard EN 14214 in respect 
of iodine value due to the composition of the fatty acids 
(high content of polyunsaturated acids) (Peiretti, Meineri, 
2007). This problem can be solved by mixing false 
flax seed oil with other fats or oils, which have higher 
content of saturated fatty acids. Having summarised the 
controversial literature data on false flax requirements for 
climatic and soil conditions, and fertilizer management, 
we can maintain that false flax needs to be further tested 
for its technological properties in order to use its oil for 
biodiesel fuel production. 

The aim of our research was to study the 
possibilities of producing the maximum false flax seed 

yield under western Lithuania’s climatic conditions and 
using seed oil for biodiesel fuel production. 

Materials and methods
Experimental site. The research was conducted 

in 2008–2011 at the field crop rotation of Vėžaičiai 
Branch of Lithuanian Research Centre for Agriculture 
and Forestry, Western Lithuania, the eastern edge of the 
coastal plain (55°43′ N, 21°27′ E). 

Research object. Summer false flax (Camelina 
sativa L.) cv. ‘Borowska’ and winter false flax cv. 
‘Przybrodzka’. 

Research conditions. Soil is moderately 
cultivated Dystrict Albeluvisol (ABd), texture – morain 
loam, clay content 14–16% with medium content of 
organic carbon (1.15%), phosphorus (115 mg kg-1) 
and potassium (124 mg kg-1), pH 4.5–5.0. Climate is 
moderately warm and humid. The region’s mean annual 
amount of precipitation is more than 800 mm, about 62% 
of which is in warm period (between May and September) 
during the growing season of plants. The mean daily 
temperature in May is 11.2°C, in June – 14.8°C, in July – 
16.9°C. The weather conditions for growing plants were 
less or more favourable, but the drought in spring in April 
and May (Fig. 1), during seed emergence and germination 
periods had a negative effect on the productivity of false 
flax in 2008, 2009 and 2011. 

Figure 1. Climatic conditions during the false flax (Camelina sativa) vegetation period 

Field trial design. Study of the effect of nitrogen 
(N) fertilizers on the yield of false flax was done using the 
scheme: N0, N30, N60, N90, N120 (for summer false flax) and 
N0, N50, N100, N150 (for winter false flax). Trial design was 
established in a randomised bloc with four replications. 
The size of plots was 3.0 × 11 = 33 m2. Fertilization: 
60 kg ha-1 P2O5 (granular superphosphate 300 kg ha-1), 
60 kg ha-1 K2O (potassium chloride 100 kg ha-1) and 
30–150 kg ha-1 N according to a study scheme (calcium 
ammonium nitrate 85–430 kg ha-1). The fertilizers were 
applied before sowing and cultivated to the depth of 
8–10 cm. The highest rates (90, 100, 120 and 150 kg ha-1) 
of nitrogen fertilizer were applied in two or three times 
(before sowing and during vegetation). Soil tillage: in 

the autumn conventional ploughing at the depth of 23–
25 cm, in spring – cultivation with a combined cultivator 
(germinator). Pre-crop was bare fallow and winter wheat. 
A seed rate of 6 kg ha-1 (400–500 seeds m-2, at a 1000 
seed-weight of 1.2–1.3 g) was sown at the 1–1.5 cm 
depth. Sowing time for summer false flax was when 
the soil conditions allowed tillage in early spring (8–28 
April) and for winter type beginning of September. False 
flax was sprayed once against pests with lamdacihalotrin 
(0.0075 kg ha-1). Summer false flax was harvested in 
mid-July and the winter type – in early August. Using 
a “Sampo-500” (“Sampo Rosenlew”, Finland) harvester 
the yield was collected from every plot separately. False 
flax seed yield was calculated at 8% moisture content. 
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The methods of false flax oil analysis. 
Esterification experiments were conducted at 60°C 
temperature (a lowered temperature was used as methanol 
boiling temperature is 64.7°C). The reaction mixture was 
stirred at a speed of 250 min-1. Sulphuric acid was used as 
catalyst at various concentrations from 0.05% till 1.5%. 
Amount of used methanol ranged between 2% and 8% 
of total oil content. After the reaction a separation of the 
fatty phase (triglycerides and fatty acid methyl esters) was 
performed, as well as the removal of methanol residues 
by distillation. The sample was treated with barium 
carbonate (BaCO3) and left for settling for 10 minutes, 
and then the fatty phase was decanted. The acidity of 
the fatty phase was tested applying titrimetric method 
according to LST ISO 660:2009. Transesterification of 
false flax oil was carried out under 60°C temperature and 
mixing speed of 250 min-1. Various amounts of NaOH 
(0.3% to 0.8%) as well as methanol (10% to 18%) were 
employed to transesterify camelina oil in first (I) stage. 
The duration of the reaction was 1 hour. In the second  (II) 
stage of transesterification, experiments were conducted 
by changing the amount of methanol (from 4% to 7%) 
and sodium hydroxide (from 0.1% to 0.4%) from the 
oil content, the duration of the reaction was still 1 hour. 
The obtained methyl esters were washed twice with 10% 
concentration of phosphoric acid solution (volume – 10% 
of the reaction mixture). After the removal of sour water, 
methyl esters were washed with distilled water (volume 
– 10% of the reaction mixture), dried and analyzed. 
The quality of fatty acid methyl esters was determined 
according to the requirements of the standard LST EN 
14214:2003 (EN 14214). The oxidation stability of fatty 
acid methyl esters produced was increased by applying 
an Ionol BF200 (“JSC Pemco Chemicals”, Norway). 
The determination of oxidation stability was performed 
according to the requirements of the standard LST EN 
14112:2004. The depressants Wintron XC-30 (“Biofuel 
Systems Group Limited”, UK) and Infineum R-442 
(“Infineum GmbH”, UK) were used for reducing the cold 
filter plugging point (CFPP) of biodiesel fuel (fatty acid 
methyl esters). CFPP tests were performed according 
to the requirements of the standard DIN EN 116:1998. 
The volumes of the samples were 45 ml. Temperature 
was decreased in steps by 1 degree each time until the 

liquid was not able to run through the filter any more. 
Transesterification of animal fat and used for frying oil 
was carried out under 60°C temperature and mixing 
speed of 250 min-1, by methanol (18% from fat or oil 
weight), using alkali catalyst (NaOH) (0.9% from fat 
or oil weight). The procedure went through two stages. 
Produced methyl esters were washed twice by 10% 
(mass) 10% phosphoric acid solution. After the mineral 
acid had been separated, methyl esters were washed by 
distilled water. 

The research data was statistically evaluated by 
the analysis methods of correlation-regression using the 
statistical package ANOVA. 

Results and discussion
False flax is a novel oilseed crop in Lithuania 

and research information on its response to nitrogen 
fertilizer is lacking. 

Nitrogen fertilizers effect on summer and winter 
false flax seed yield and its quality. Seed yield. Nitrogen (N) 
is the most important yield-boosting nutrient. Plant height, 
seed yield, oil content, total plant N and seed protein all 
responded to applied nitrogen rate (Urbaniak et al., 2008). 
It has been suggested that the seed yield of false flax and 
the magnitude of yield response to applied nitrogen can 
vary with soil type, its fertility and climatic conditions 
(Szczebiot, 2002; Rathke et al., 2006; Malhi et al., 2014). 
Solis et al. (2013) showed that false flax, usually regarded 
as a low-input crop, may respond to high N fertilization 
rates when grown in the environmental conditions that 
maximize seed yield potential. In these conditions, the 
maximum seed yield of 2.39 t ha-1 was obtained with 
the application of 300 kg ha-1 N. In contrast to the data 
of Solis et al. (2013), Polish researcher Szczebiot (2002) 
reported that the highest yield (2.14 t ha-1) of false flax was 
noted for the treatment with split nitrogen with a rate of 
80 kg ha-1. In the present study, the data obtained during the 
four-year experiment on a moderately cultivated moraine 
loam soil in Western Lithuania indicate that nitrogen 
fertilizers increased the yield of false flax summer type 
and of false flax winter type by 1.8–2.3 and by 2.2–3.7 
times, respectively, in comparison to the yield obtained in 
unfertilized soil (Fig. 2). 

 Figure 2. The effect of nitrogen fertilizers on false flax (Camelina sativa) seed yield of the summer (a) and winter 
(b) types 
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The differences in the seed yield of summer 
false flax between the experimental years resulted from 
the weather and soil conditions in all fertilization levels. 
Significantly the largest (1.28 and 1.29 t ha-1) and most 
cost-efficient summer false flax seed yield was obtained 
in the years (2010 and 2011) with the highest rainfall 
content (close to the long – term mean 334 mm) during 
the growing season when 90 kg ha-1 of nitrogen had been 
used. At the same fertilization level (N90) the lowest 
(0.56 t ha-1) productivity of summer false flax was noted 
in 2008 due to worse moisture conditions. This suggests 
that nitrogen fertilizers were most efficient for summer 
false flax seed yield in the conditions of normal irrigation, 
while in droughty years they were less efficient. In 
summary, it can be maintained that in the conditions of 
normal irrigation in nutrient-rich, low-acidity soil, the 
highest seed yield was obtained having fertilized with 
N90 rate. Increasing of nitrogen fertilizer rate to N120 did 
not prove to be effective, since the yield increase at this 
fertilization level was as low as 6% and would not offset 
fertilizer costs, compared with N90 fertilization. 

Wintering period is important in the winter 
false flax cultivation technology. Urabaniak et al. (2008) 
have indicated that overwinter survival largely depends 

on false flax variety, plant population density, and plant 
development before wintering. The author suggests that 
plants that had two or three pairs of true leaves exhibited 
the best over winter survival. Our data agreed with this 
statement. In our experiment the best over winter survival 
was recorded for the plants that had four pairs of true 
leaves, a root neck of 1.9 mm and leaf length of 2.2 cm. 
Wintering conditions for winter false flax was favourable 
in 2009 and 2010, therefore the over winter survival rate 
amounted to 87%, while in 2011 the low temperature of 
February had a negative effect on the wintering and the 
crop thinned (over winter survival rate 43%). This had a 
negative impact on the seed yield. The data averaged over 
the 2009–2011 period showed that in the conditions of 
West Lithuania the seed yield of winter false flax ranged 
from 0.33 t ha-1 in the soil not applied with nitrogen 
fertilizer to 1.06 t ha-1 in the soil applied with nitrogen 
fertilizer. The highest seed yield 1.6 t ha-1 in 2010 and 
1.2 t ha-1 in 2011 was obtained having fertilized with 
N100, since the plants formed 2.2 times more roots and 
2.5 times more productive siliques. Biometric indicators 
– number of roots and siliques had the greatest impact 
(r = 0.96 and r = 0.97) on the seed yield of both winter 
and summer false flax (Table 1). 

Table 1. The relationship (simple correlation coefficient r) between false flax (Camelina sativa) seed yield and crop 
biometric parameters (averaged data of 2008–2012) 

Biometric parameters 
Summer type cv. ‘Borowska’ Winter type cv. ‘Przybrodzka’

regression equation r regression equation r
Branches per plant Y = 0.09682 + 0.08045x 0.96089** Y = −0.08833 + 0.12222x 0.97388**
Number of pods per plant Y = −0.10084 + 0.008x 0.97379** Y = −0.10084 + 0.008x 0.97379**
Seeds per pod Y = 0.1837 + 0.03482x 0.02963 Y = 0.1837 + 0.03481x 0.02963

** – P < 0.01 

Seed yield quality. Nitrogen fertilization 
influenced oil and protein content in false flax seeds (Solis 
et al., 2013). In the present study, the highest protein 
content was obtained in the seeds of winter false flax 

(26.97%) and summer false flax (23.23%) having fertilized 
with N150 and N120 rates; the oil content in them was by 3.9 
and 2.7 percentage points higher compared with the seed 
grown without nitrogen fertilization (Table 2). 

Table 2. Effect of nitrogen fertilization on summer and winter false flax (Camelina sativa) seed quality parameters 

Plant Nitrogen fertilizer rate Oil content
%

Protein content
%

Moisture content
%

Summer type
cv. ‘Borowska’

0 40.5 ± 0.50 20.53 ± 0.48 6.23 ± 0.07
30 40.9 ± 0.40 21.35 ± 0.50 6.23 ± 0.17
60 40.6 ± 0.40 21.90 ± 0.17 6.23 ± 0.17
90 40.7 ± 0.50 22.91 ± 0.13 6.27 ± 0.14
120 40.9 ± 0.30 23.23 ± 0.14 6.23 ± 0.23

Winter type
cv. ‘Przybrodzka’

0 37.4 ± 0.45 22.98 ± 0.12 7.20 ± 0.25
50 38.9 ± 0.50 23.82 ± 0.26 7.24 ± 0.10
100 38.0 ± 0.20 25.82 ± 0.45 7.11 ± 0.30
150 37.9 ± 0.20 26.97 ± 0.07 7.22 ± 0.10

The oil content in summer false flax seeds 
amounted to 40.9% while that of winter false flax 
was lower (38.9%) (Table 2). Although many authors 
(Agegnehu, Honermeier, 1996; Malhi et al., 2014) have 
reported that nitrogen fertilization reduced oil content in 
false flax seeds, our research findings did not validate this 
proposition, since in our study the nitrogen fertilizer rates 
applied did not result in a significant oil content reduction. 

False flax oil meets the quality requirements for biodiesel 
fuel under various chemical treatments (Makarevičienė, 
Sendžikienė, 2012). 

Biodiesel production of false flax oil. The 
synthesis of fatty acid methyl esters (biodiesel fuel) 
was performed by using false flax oil with 6.8% acidity. 
Therefore, the transesterification of false flax was carried 
out under different experimental conditions by using acid 
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as catalyst. In order to reduce the acidity of the false flax 
oil effectively, esterification experiments were conducted 
seeking to choose the optimum amount of methanol 
and a catalyst (sulphuric acid). The effectiveness of 
esterification was evaluated by determining acidity of 
reaction mixture. Effect of catalyst amount on the acidity 
of reaction mixture is shown in Figure 3. 

Figure 3. The effect of catalyst and methanol amount on 
the acidity when initial acidity is 6.8 

The results clearly demonstrate that the most 
suitable catalyst quantity for biodiesel fuel production 
was between 0.75% and 1.0%. When a higher 

concentration of the catalyst was used, the acidity of 
reaction mixture was slightly increased. According to the 
obtained results it could be predicted, that the optimum 
amount of methanol for esterification process is 4% to 
6% of the oil weight. At these concentrations the acidity 
of reaction mixture decreased from 6.8% to 1.6–0.3%. 
If the methanol content reached 4%, while the sulphuric 
acid concentration was 0.75%, the acidity of the product 
obtained after esterification process was 1.8%. By using a 
higher amount of acid (1%, amount of methanol was the 
same), a 0.52% acidity of the product was obtained. At 
higher methanol amounts (6%) and 0.75% concentration 
of the catalyst (sulphuric acid) after esterification 
process the acidity of the oil dropped to 1.5%, and if 1% 
concentration of the catalyst was used, the acidity was 
reduced to 0.3%. 

The effect of reaction duration on the yield 
of biodiesel fuel was studied at different time intervals 
ranging from 0.5 to 4 hours at constant temperature. It was 
found that it was inappropriate to prolong the duration 
of the esterification reaction for longer than 2 hours 
because it did not affect the acidity of reaction mixture. 
Thus, it can be concluded from the obtained results that 
suitable reaction duration for esterification of camelina 
oil was 2 hours. Transesterification of esterified false flax 
with methanol was performed by using alkali catalyst 
at different conditions. In the first (I) transesterification 
stage methanol content varied from 11% to 17%, catalyst 
concentration – from 0.3% to 0.7%. The obtained results 
are shown in Figure 4. 

  			    I stage 							       II stage 

Figure 4. Influence of catalyst concentration and methanol content on false flax (Camelina sativa) oil methyl ester 
yield

The results show that in the first (I) 
transesterification stage the optimum methanol content 
was 14%, and catalyst concentration was 0.5% from the 
oil weight. Under these conditions, an ester content of 
the product was 90.1%. Further increase of the methanol 
content is not appropriate, because the ester content 
increased only till 90.5%. When the NaOH concentration 
exceeded 0.6%, ester quantity in the product decreased 
and equalled to 89.6%. According to the standard 

requirements for biodiesel fuel, ester content in the 
product should be higher than 96.5%. For this reason 
the second (II) transesterification stage was investigated. 
Trials by changing amount of methanol (from 4% to 
7%) and sodium hydroxide (from 0.1% to 0.4%) were 
performed. The transesterification was carried out at 60°C 
temperature, stirring speed – 250min-1, duration – 1 hour. 

The results showed that ester content I reaction 
product of at least 96.5% (as required standard) was 
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reached by using 5–7% methanol and 0.2–0.4% NaOH. 
Optimal methanol content is 6%, NaOH − 0.3% (II 
stage). At different levels of catalyst quantity, highest 
yield (97.5%) of biodiesel fuel was obtained by using 
6% methanol and 0.3% NaOH. Various analyses for the 
quantification of produced biodiesel fuel were performed 
seeking to check its equivalence to standard. It was found 
out that the spring false flax (spring camelina methyl 
esters, SCME) and winter false flax (winter camelina 
methyl esters, WCME) varieties of false flax methyl 
esters do not pass the standard requirements for the 
following characteristics: iodine value (it was 164.6 g I2 
100 g-1 SCME and 169.6 grams I2 100 g-1 WCME, while 
the standard required max. 120 g of I2 100 g-1), linolenic 

acid methyl ester content (which was 38% and 34.3% 
for SCME and WCME, respectively, while the standard 
required max. 12%), oxidation stability (0.43 hours, 
while the standard required minimum 6 hours). 

The results of other research groups (Schwab 
et al., 1987; Tashtoush et al., 2004) show that animal fats 
and used cooking oil have low iodine value (50–63 g I2 
100 g-1) and low linolenic acid methyl ester content (up 
to 3%). Therefore mixtures of camelina oil methyl esters 
and animal fat methyl esters, as well as methyl esters 
produced from used frying oil were chosen for further 
experiments. The influence of mixtures composition on 
iodine value and linolenic acid methyl ester content was 
evaluated. Results are presented in Figure 5. 

 SCME – summer camelina methyl ester, WCME – winter camelina methyl ester

Figure 5. Dependence of the iodine value and linolenic acid methyl ester content on the composition of the mixtures 
containing false flax (Camelina sativa) oil and animal fat methylesters or methylesters produced from used frying oil
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It was found that mixtures containing methyl 
esters of summer false flax seed oil (50%) and pork lard 
(50%) (summer camelina fatmethyl ester, SCFME), 
winter false flax seed oil (50%) and pork lard (50 %) 
(winter camelina fat methyl ester, WCFME), spring 
false flax seed oil (60%) and used frying oil (40%) 
(summer camelina oil methyl ester, SCOME), and 
winter false flax seed oil (60%) and used frying oil (40%) 
(WCOME) meet the requirements of standard for iodine 
value and linolenic acid methyl ester content. It was 
also determined by other SCFME, WCFME, SCOME, 
WCOME physical and chemical characteristics as well as 
their compliance with the requirements of the standard. 
Mixtures meet other standard requirements except the 
CFPP and oxidation stability. The CFPP was too high, 
while their oxidation stability was too low. Oxidation 
stability is expressed by means of the induction period, 
which should be not less than 6 hours at temperature 
of 110ºC, according to the requirements of the standard 
for biodiesel fuel. The oxidation stability of fatty acid 
methyl esters can be enhanced by introducing special 
additives. The possibility to enhance the oxidation 
stability of ester mixtures by applying the industrial 
antioxidant Ionol BF200 was studied. For this purpose, 
various amounts of the oxidant were added to esters and 

its influence on the induction period of the ester mixes 
was evaluated (Fig. 6). 

The obtained results showed that the minimum 
dosage of the antioxidant Ionol BF200, which ensures the 
oxidation stability of fatty acid methyl esters (SCFME, 
WCFME, SCOME and WCOME) was 500 ppm. The 
CFPP of diesel fuel used during the summer period 
should be not higher than −5ºC, and that of diesel used 
during the winter period should be not higher than −32ºC 
(LST EN 590:2014). The CFPP of the produced fatty 
acid methyl esters were: +6ºC of SCFME, +4.6ºC of 
WCFME, +0.8ºC of SCOME and +1.4ºC of WCOME. 
The industrial depressants Wintron XC-30 and Infineum 
R-442 were applied in order to reduce the CFPP. From 
the obtained results (data not shown) it can be concluded 
that it was difficult to reduce the CFPP of those esters 
which contain animal fat because most depressants 
which reduce the CFPP are designed for fatty acid methyl 
esters of rapeseed oil. Even very high concentrations (up 
to 25.000 ppm) of depressants reduce the CFPP only to 
2.1–3ºC in case of SCFME and WCFME, respectively. 
The CFPP of fatty acid methyl esters of rapeseed oil 
and used frying oil is reduced to the level meeting the 
requirements of the standard by adding 1.500 ppm of 
Wintron or 1.200 ppm of Infinerum. 
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Conclusions
1. Nitrogen fertilizers increased the yield of 

summer and winter false flax (Camelina sativa L.) by 
1.8–2.3 and by 2.2–3.7 times, respectively, in comparison 
to the yield obtained in unfertilized soil. The highest 
(1.28–1.29 t ha-1) and most cost-efficient summer false 
flax seed yield was obtained when 90 kg ha-1 of nitrogen 
had been used. The optimal nitrogen rate for winter false 
flax was 100 kg ha-1. 

2. The oil and protein content in false flax seed 
depended on the seasonal type (winter or spring) and 
nitrogen fertilization. The oil content of summer false 
flax seeds amounted to 40.9% while that of winter false 
flax seed was lower (38.9%). Nitrogen fertilization (N150 
and N120) increased protein content in winter false flax 
type from 22.98% to 26.97% and in the summer false 
flax from 20.53% to 23.23% and did not reduce seed oil 
content. 

3. The highest yield of false flax methyl esters 
(97.5%) was obtained when 6% methanol and 0.3% 
NaOH were used for oil transesterification. The methyl 
esters of summer and winter false flax did not meet the 
standard requirements for the following characteristics: 
iodine value (it was 164.6–169.6 g I2 100 g-1 while the 
standard required max. 120 g of I2 100 g-1), linolenic 
acid methyl ester content (which was 34.3–38%, while 
the standard required max. 12%), oxidation stability 
(it was 0.43 hours, while the standard required minimum 
6 hours). 

4. Mixtures containing methyl esters of summer 
and winter false flax seed oil (50%) and pork lard (50%) 
as well as both types’ seed oil (60%) and frying oil (40%) 
me the requirements of the standard for iodine value and 
linolenic acid methyl ester content. 

5. It was possible to enhance the oxidation 
stability of ester mixtures by applying industrial 
antioxidant Ionol BF200 (optimal dosage – 500 ppm). 
Cold flow properties of esters mixtures were improved 
by addition of depressants Wintron XC-30 (optimal 
dosage – 1500 ppm) and Infineum R-442 (optimal dosage 
– 1200 ppm). 
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Santrauka 
Tyrimų hipotezė – sėjamosios judros gali būti auginamos kaip didelės vertės biokuro šaltinis drėgnomis Vakarų 
Lietuvos klimato sąlygomis, o azoto trąšos gali turėti įtakos jų sėklų derliui ir aliejingumui. Uždaviniai: 1) nustatyti 
optimalią azoto trąšų normą žieminės (N0, N50, N100, N150) ir vasarinės (N0, N30, N60, N90, N120) formų sėjamųjų judrų 
sėklų derliui, 2) įvertinti sėjamųjų judrų aliejingumą, aliejaus sudėtį ir galimybę jį naudoti biodyzelino gamybai. 
2008–2011 m. LAMMC Vėžaičių filiale atlikti tyrimai parodė, kad didžiausias (1,28 t ha-1 2010 bei 1,29 t ha-1 
2011) ir ekonomiškai apsimokantis vasarinės formos judrų sėklų derlius buvo gautas patręšus 90 kg ha-1 azoto 
trąšų. Esmingai didžiausias žieminės formos judrų sėklų derlius (1,2 t ha-1 2011 ir 1,6 t ha-1 2010) gautas patręšus 
N100. Judrų sėklose esančio aliejaus kiekio tyrimų rezultatai parodė, kad vasarinės formos judrų sėklose yra 40,3 
% aliejaus, o žieminės formos judrų sėklose – tik 37,0 %. Tręšimas azoto trąšomis (N150 ir N120) proteinų kiekį 
žieminės formos judrų sėklose padidino nuo 22,98 iki 26,97 %, vasarinės – nuo 20,53 iki 23,23 % ir nemažino 
sėklų aliejingumo. Judrų aliejaus metilesteriai pasižymi dideliu jodo skaičiumi ir linoleno rūgšties metilesterių 
kiekiu, kuris žieminės formos judrų aliejuje siekė 38,2 %, vasarinės formos – 34,3 %. Taigi, kaip dyzelinių variklių 
degalai judrų aliejaus metilesteriai gali būti naudojami tik mišiniuose, kurių sudėtyje yra ir 40–50 % gyvūninės 
kilmės (kepti naudoto aliejaus arba kiaulinių riebalų) metilesterių. Didinant esterių atsparumą oksidacijai ir 
gerinant žematemperatūrines savybes, efektyviausias buvo antioksidantas Ionol BF200 (optimali dozė – 500 ppm) 
ir depresantai Wintron XC-30 (1500 ppm) bei Infineum R-442 (1200 ppm). 

Reikšminiai žodžiai: aliejaus sudėtis, azoto trąšos, Camelina sativa, sėklų derlius. 
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