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Abstract. Grain after enzymatic treatment, which is a starch-containing raw material, is used for ethanol
production. Bioethanol production in Latvia began in 2006. Extraction of biofuels is a clean process, because
the byproduct is used in various sectors of the economy. The bioethanol in Latvia was derived primarily from
winter wheat, winter rye, and winter triticale. The objective of the research is to determine the different nitrogen
fertiliser rates required for winter cereal crop yields and bioethanol outcome. The trials were carried out from
2005 to 2008 in Agricultural Science Centre of Latgale (Latvia). The method (ethanol outcome) is based on
fermentation of saccharified cereal samples by yeast Saccharomyces cerevisiae followed by the calculation of
ethanol outcome and speed of fermentation. The highest starch content was in winter wheat and winter triticale
grain, but the lowest - in winter rye grains. A close negative correlation (p<0.05) was found for winter triticale
and winter wheat between the ethanol outcome and thousand grain weight. Production of bioethanol from rye
starch content is used with full utilisation of grain. The winter wheat has the largest ethanol outcome from one
hectare.
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Introduction 0.85 kg of protein for cattle feed, and 0.7 kg of carbon
Bioethanol is ethanol which is produced through dioxide in carbonated beverages and food cooling
fermentation of the biomass for use as a fuel. The (Kalnins, 2009).
grain after enzymatic treatment is starch-containing Ethanol production in Latvia began in 2006
raw material which is used for bioethanol production  (Latvijas..., 2010). The data show that 48% in 2006
(Energgtisko..., 2007; Kalnins, 2009). As bioethanol of ethanol production in Latvia was exported, but in
can be obtained from grain, it counts as a renewable 2007 and 2008 the export reached already 99%. It
fuel. One litre of ethanol replaced about 0.65-0.75 litre  means that the production of ethanol is not consumed
of gasoline (Kalnins, 2009) or the energy value of the = domestically.
coefficient for bioethanol - 32% less than fossil petrol Bioethanol can be obtained from various plants:
(Kalnips, 2006). mainly from corn in the USA, from sugar cane in
Cars in Latvia were powered by biogasoline before  Bragil, and from grain of wheat, triticale, and rye
the Second World War. The fuel from the gasoline and iy Latvia (Grosvalds and Alksnis, 2009; Kalnins,

ethanol was called the latol. According to A. Kalnin$  2009). Sunlight is also an important and cheap source
(Kalnips, 2009) 70% of gasoline and 30% of ethanol  of energy that plants use for photosynthesis. It is

were in the biogasoline in winter-time, and 50% of  jmportant to increase the yield of plants. Nitrogen is

gasoline and 50% of ethanol were in summer-time. one of the most important elements for crop yield and
The use of grain is increasing the production of quality (Jermuss and Vigovskis, 2002).

bioethanol in the world (Bymarkun, 2009; Kalnips, The objective of the research was to determine

2009). Bioethanol can also be obtained from low the influence of different nitrogen fertiliser rates on

quality grain (Texmomorms..., 1981; Energétisko...,  the production of winter cereal yiclds and bioethanol

2007). According to the International Grain Council  gytcome.

(GC) estimates, in the financial year 2007/08, around

96 million t of grain were used for ethanol production  Materials and Methods

or by 32% more than in the previous year (Kalnips, Winter rye (Secale cereale L.), winter wheat
2009). The more ethanol is produced, the lower its cost  (TriticumaestivumL.),andwintertriticale(Triticosecale
(buosranon, 2006). This is due to the improvement  Wittm) were cultivated for the investigation in
of the growing and processing technologies. The area  2004/2005, 2006/2007 and 2007/2008. Winter cereals
for grain cultivation varies Latvia, and winter wheat  {id not survived in winter of 2005/2006. The used
is grown. In 2010 32 thousand tonne bioethanol \yipter rye varieties were ‘Kaupo’ (Latvia), ‘Amilo’
productions need 26 thousand ha cereal aria (Benfelde,  (poland), and ‘Walett’ (Poland), winter wheat varieties

2005). _ ' _ — ‘Stava’ (Sweden), ‘Harnesk’ (Sweden), ‘Bjorke’
The fer}nentlng gramns are used for b1o§thapol (Sweden), and ‘SW Maxi’ (Germany), winter triticale
production in Latvia. The main by-product of distilling  _ <[ amberto’ (Poland), and ‘Falmoro’ (Sweden).

dregs is liquid of distillation residue, which is used  The influence of these varicties was not analysed in
for cattle forage, or as substrata for biogas production  the research. The field trials were conducted on sod-
(Texnomorwusi..., 1981; Energétisko..., 2007; Kalnins, podzolic sandy loam soil: organic matter content —
2009). In Sweden, from 2.65 kg of wheat the following 27 g kg (Tyurin’s method), pH 6.7, P — 67.64 mg kg™
products can be produced: one litre of ethanol E100,  ofsoil, and K — 76.37 mg kg™ of soil (DL method). The
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soil parameters were fit for winter cereal cultivation.
The pre-crop was bare fallow.

The winter cereals in the trial were sown on
18 September 2004, 14 September 2006, and 14
September 2007. The seeding rate was 450 germinate
able seeds per m?. The field experiment was carried out
using a randomised block design. The area of a trial
plot was 20 m? (2 m x 10 m), 4 replicates. N fertiliser

variants were N, , N, N, N . and N9p+30 for .v&./mter
rye: N, Nooo Nosoo Nog,ao and Ny, for winter triticale:
and N_, N and N for winter

60° ~60+30° T 90+30° ©90+60° < 1Y 90+60+30
wheat. The herbicides and fungicides were used at the

plant growth stage (GS) 26-32. The growth regulator
was used at GS 32-49. N fertiliser (ammonium nitrate)
was applied at GS 20-29 - in spring after renewal of
the vegetation growth. 2" nitrogen fertilizer rate was
applied at GS 30-32, 3" rate — at GS 51-53.

Protein content, starch content, and volume weight
of winter grains were determined with Infratec1241.
1000 grain weight was determined by standard method
LV ST ZM 43-95. Quality and harvest traits were
calculated at 100% purity and 14% moisture level.

Ethanol fermentation was carried out with different
parameters of evaluation for the winter species. The
method is based on fermentation of a saccharified
wheat sample by yeast Saccharomyces cerevisiae
followed by the calculation of ethanol output and speed
of fermentation (Texuomorwus..., 1981; Energetisko...,
2007; Vigants et al., 2008). The ethanol outcome for
the 2008 harvest was determined in the Laboratory of
Institute of Microbiology and Biotechnology of the
University of Latvia.

Work procedure:

1) Inoculum’s preparation. The used Saccharomyces
cerevisae strain was maintained on an agar medium.
The inoculum for fermentation was prepared by
transferring the yeast strains from the agar on the
liquid malt medium and by cultivating for 24 hours
at +30 °C (Vigants et al., 2008). Liquid malt medium
for inoculums propagation: sucrose, 100.0 g L%,
(NH,),SO, 1.6 g L*, KH,PO, 2.5 g L, MgSO, x 7TH,0
1.0 g L, yeast extract 5.0 g L%, malt extract 50.0 g L.
The volume was made up with distilled water to 1 L,
the initial pH of the medium was 5.35-4.55.

2) Saccharification. The sample of 20 g of ground
cereals and 80 g of water was taken and mixed.
Liquefaction of the sample was done by 54 uL of a-
amylase preparation Talzyme AL90 (JPBiotechnology)
for 40 min at 90 °C. Then pH was adjusted to 5 and
the mixture was cooled to 60 °C. Saccharification
was done by 400 uL of glucoamylase Talzyme GL60
(JPBiotechnology) for 40 min at 60 °C. Liquefaction
and saccharification were performed by constant
stirring of the sample.

3) Fermentation. After saccharification the sample
was cooled to 30 °C. They 2 mL of Saccharomyces
cerevisae inoculum were added, and batch fermentation
in the flasks was carried out at 30 °C for 1-2 days.
The flask weight changes were measured during the
fermentation. When the weight became constant
(which indicates the end of fermentation), a sample
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was taken and ethanol concentration was determined
by gas chromatography.

4) Ethanol from the theoretical result was calculated
from the starch data (Texuomorwus..., 1981):

Coaren (%0, W/ W) -180.16 (1
Cglycose(%!W/W) = —starch 162.16 - (D)
C,H,,0, —2CO, + 2C,H,OH + 118 kI

(Texuomnorwus..., 1981; Energétisko..., 2007)

glycose(%1W/W) ‘M glycose (2)

C
Ceth.theor (%!W/W) = K .2-M

ethanol

where K — the dilution factor, which in our case it is 5
(fermentation medium: 20% of corn, 80% of water);
M — molar mass for ethanol and glucose.

C

et (% from theoretical ) =

— (Ceth.theor (%,W/W) ~ Cethanol (%!W/W)) -100% , (3)
Cethjheor (%!W/ W)

Ethanol outcome from grain calculated formula
No. 4.

(g ethanol on g grain):Ceth. (%’ W/W) / C grain ( g/lOO g ) (4)

5) Determination of ethanol. Ethanol content was
determined by gas chromatography CHROM 4,
the thermostat temperature 80 °C, the evaporator
temperature of 200 °C, with a flame-ionization
detector. Content: A 1.2 m length x 3.0 mm (inner
diameter) filled column, filling: Inerton AW-HMDS +
5% PEG, carrier gas: helium (Vigants et al., 2008).

Mathematical data processing analysis was used
from ANOVA.

The weather conditions during the trial years were
different.

The dry and cool weather delayed winter vegetation
to the 3" ten-day period of April in 2005. In, June the
weather conditions were favourable for the growth
and development of winter cereals. Also in July the
weather contributed to a normal maturation of winter
cereals. Excessive moisture content of grain during
the ripening period negatively affected the quality of
the grain.

In 2007, the winter cereals endured in the winter
relatively well. In May, the sufficient rainfall positively
affected plant growth and development. In June the
rainfall was 69% of the long-term average, but in July
it adversely affected the plant development and grains
began to germinate in the ears.

The rainfall and the air temperature of the stage
of cereal growing in tufts (GS 20-29) were more than
the long-term average in the vegetation period of
2007/2008.

In the third ten-day period of May 2008, the air
temperature was close to the possibility long- term
average, but there was no rain. The rainfall was
half of the long-term average. In winter cereals, the
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stalks of the lower leaves became sallow. In July the
average daily temperature corresponded to the long-
term average. The amount of precipitation in the 1st
and 3rd ten-day period of July was only 40% of the
long-term average, but in the second ten-day period
it was 173% of the long-term average. In the first
ten-day period of August, the daily temperature was
15.8 °C, close to the long-term average, but the rainfall
was 86% of the long-term average.

Results and Discussion

The influence of N fertilizer rates for food grains
on the bioethanol outcome is analyzed in this paper.

Nitrogen fertiliser rates N, kg ha' and
N,,.,, kg ha™ which were compared, were the same
for all winter cereal species. The highest average
yield per all N treatments was obtained from winter
wheat (Table 1). The highest yield was obtained when
applying nitrogen rates N, . kg ha™ for winter rye,
N,,., kg ha' for winter triticale, and N, .. kg ha™
for winter wheat. The total nutrient demand for
wheat is greater than for other cereals (Jermuss and

Vigovskis, 2002).

Since ethanol is obtained from starch, the starch
content should be as large as possible. The highest
starch content in our trials was determined in winter
triticale grain (Table 1), but the lowest — in winter
rye. Our results correspond to the results of other
investigations (Ilapmrynos et al., 2009). Also other
studies confirme that in Latvia the production of
bioethanol is the most advantageous from wheat
(Bonats and Sivinps, 1978; Energétisko..., 2007;
Grosvalds and Alksnis, 2009). The time of nitrogen
fertiliser application affects also the starch content
(Bonats and Sivin$, 1978). Significant fluctuations
in the starch content over the years (Table 1) could
be explained by the meteorological conditions during
the growing season. The relatively high rainfall and
relatively low temperature during the growing season
increase the starch content in grains (Bonats and
Stvins, 1978). In our research the cultivation year and
N fertilizer rates had significant influence on the winter
cereal yield and starch content. The same conclusions
have been made also by other researchers (Gaile and
Kopmanis, 2002).

Table 1

Quality indicators for winter cereals

Nitrogen fertiliser Winter rye Winter triticale | Winter wheat
rates*, kgha' | 2005* | 2007* | 2008* | 2005* | 2007* | 2008* | 2005* | 2007* | 2008
Harvest yield, t ha?
N30 547 | 683 | 733 - - - - - -
N60 609 | 702 | 752 [ 907 | 687 | 84l 806 | 7.54 | 10.03
N9O 666 | 768 | 810 | 923 | 720 | 873 - - -
N120 - - - 958 | 750 | 886 - - -
N60+N30 701 | 805 | 855 - - - 877 | 801 | 1059
N90+N30 742 | 884 | 905 [ 970 | 744 | 902 [ 927 | 852 | 1075
N90+N60 - - - 991 [ 802 [ 940 | 985 | 898 | 1117
N9O+N60+N30 - - - - - - 1025 | 934 [ 1138
Average[ 65 77 81| 9] 74 8.9 92| 85 10.8
LSD,,., 0.04 0.03 0.03
LSD, .. 0.05 0.04 0.03
LSD, .\ 0.12 0.09 0.12
Starch, g kg*
N30 613 | 619 643 - - - - - -
N60 616 | 629 639 673 | 673 | 7112 672 | 575 697
N9O 609 | 621 634 676 | 675 | 1707 - - -
N120 - - - 665 | 670 | 706 - - -
N60+N30 612 | 618 633 - - - 674 | 574 691
N90+N30 611 | 617 625 676 | 666 | 703 667 | 575 693
N90+N60 - - - 670 | 668 | 705 662 | 573 690
N90+N60+N30 - - - - - - 656 | 569 686
Average| 612 619 635 672|670 706 666 573 691
LSD,.. 19 11 7
LSD, .. 24 14 9
LSD, 1.0 58 34 31

* Factor A — year; Factor B — variety; Factor C — fertilizer rate
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Figure 1. The interaction between average yield and average quality indices of winter cereal in 2008:

* (p<0.05), 1 — g by ethanol g* of grain, 2 — yield, 3

— starch, 4 — protein content, 5 — 1000 grain weight,

6 — volume weight.

For bioethanol production, raw material
composition characteristics are very important. After
starch the amount of protein is the next important
component for bioethanol production. Proteins are
alcohol yeast nutrients, which increase the quality
and outcome of alcohol (Illapmynos et al., 2009).
Correlation analysis (r) showed that there was a
strong (p<0.05) negative correlation between starch
and protein content in grain (Fig. 1) for winter cereals
(Linina and Ruza, 2005; Ruzgas and Plycevaitene,
2005). A close (p<0.05) negative correlation was
found for winter triticale and winter wheat between
the ethanol and 1000 grain weight, because ethanol
is produced from grains with a higher 1000 grain
weight. A weak (p>0.05) positive correlation was
found between ethanol and starch content in grain.

The starch content in winter grain is different,
therefore the theoretical outcome of ethanol is also
different. This explains the high level of the theoretical
ethanol rye yield (Fig. 2), which, in its turn, that is
explained by the differences between rye and wheat
grains.

Our test results showed (Fig. 3) that for production
of one tonne of bioethanol on average 3.2 tonne of
rye, 3.1 tonne of triticale, and 3.2 tonne of wheat
are required. It can be said that production of one
tonne of bioethanol requires approximately 3.7
tonne of grain or 1 m? of bioethanol needed about
2.8 tonne of grain (Kalnins, 2009). Areas of winter
wheat and winter triticale will be smaller if we
take one tonne of bioethanol (buostanon, 2006).

%

N30
N60+N30

N90-+N30

Winter rye

Winter triticale

N90+N30

N90-+N60
N60+N30
N90+N30
N90-+N60

N90+N60+N30

Winter wheat

Fertiliser rates/Cereals

Figure 2. Average ethanol outcome from the grain harvested in 2008, % of theoretical (calculated from
real starch content data).
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Ethanol g kg'1 grains

N30

N60+N30
N90+N30

Winter rye

Winter triticale

N60+N30

N90+N30
N90+N60
N90+N30
N90+N60

N90+N60+N30

Winter wheat

Fertiliser rates/ Cereals

Figure 3. Average ethanol outcome, g kg of grain in the laboratory from the 2008 harvest.

The proportion for the factors influencing on the
ethanol produced in the laboratory g g! grain from
the 2008 harvest follows (p<0.05) was the following:
nitrogen fertiliser rate for winter rye 36% and winter
triticale 16%, interaction between variety and nitrogen
fertiliser rate for winter triticale 21%. For winter wheat
all these factors were not important (p>0.05).

Although rye starch content in bioethanol has the
highest value (Fig. 2), the results of ethanol per hectare

of wheat were higher (Fig. 4). In other investigations,
one litre (0.7 kg) of ethanol production required 2.57
kg of wheat, 2.73 kg of rye, and 2.67 kg of triticale
(Kalnins, 2006).

One of the most important indicators is the ethanol
outcome from one hectare. Comparing nitrogen
fertiliser rates N, kg ha* and N, . kg ha’, it can be
seen, that winter wheat was the most responsive to
nitrogen application (Fig. 4).
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Figure 4. Ethanol outcome from one hectare in 2008, kg ha™.
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In assessing the various factors influencing the
ethanol outcome from one hectare, it was found that
nitrogen fertiliser rate had a significant (p<0.05)
influence on the ethanol outcome from winter rye
(75.0%) and winter wheat (22.6%), but significant
(p<0.05) variety and N fertiliser rate interaction effect
was found only for winter triticale (19.8%).

Now in Latvia growed till cereal varieties with
great protein and gluten content. They are used for
food production. Besides the food grains have a higher
purchase price. Therefore it is important to find the
optimal N fertilizer rates for obtaining large yields as
well as grain with a high starch content.

Conclusions

1. Nitrogen fertiliser rates N, kg ha® and N,
kg ha! which were compared were the same for
all winter cereal species. The highest yield was
obtained from winter wheat._

The highest starch content was found in winter
triticale grain, and the lowest — in winter rye
grain.

Correlation analysis showed that there was a
strong (p<0.05) negative correlation between
starch content and protein content in winter cereal
grain. A close (p<0.05) negative correlation was
for winter triticale and winter wheat between the
ethanol and 1000 grain weight.

The production of one tonne of bioethanol
required 3.2 tonne of rye, 3.1 tonne of triticale,
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