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Abstract. It was made a comparative assessment of the main technological parameters of the silages of different types as a source for the production of biogas
as well as it was given an assessment to the bioshlam derived from them. For this purpose the following silages were studied: corn silage, sweet corn silage,
forest silage and silages of straw and three types of beet (sugar beet, red beet and fodder) in a ratio of 10 : 90%. It was found that the investigated energy
resources in terms of the technologically permissible parameters (dry matter, organic matter, macro and micro-elements) can be used as raw materials in the
mix for biogas production. The forest silage as a general term which is specific for each forest ecosystem, due to substantial differences in the structure of the
biocoenoses as well as in the soil composition, can be an alternative raw material to the energy crops for the production of biogas with dry matter content of
26.68%, organic carbon content – 39.50% and nitrogen content – 1.30%, as the ratio between them is 30,38:1 (C:N). After methane fermentation, a high rate of
mineralization of organic matter is observed in all tested materials, expressed by high values in the bioshlam of the main macro-elements (N, K, P, Ca and Mg).
Established concentrations of the 8 toxic elements (Cu, Zn, As, Cd, Cr, Hg, Ni and Pb) in the bioshlam, derived from the studied plant materials, are below the
critical limit for the soil and plants.

Keywords: silage, dry matter, macro and micro-elements, assessment, bioshlam

Introduction
In recent years in the rest of the world, as well as here at home,
an increased interest in the use of anaerobic digestion (of waste
biomass), in order to reduce water and soil pollution with organic
waste is noticeable (Jorgensen and Rasmussen, 1991; Chernikov
and Chekeres, 2000; Zaharinov, 2013). In anaerobic processes two
valuable products are obtained: gas fuel (biogas) and partially
mineralized biomass which contains all the necessary nutrients for
the plants (bioshlam) that may be utilized for electricity production
and as soil fertilizer respectively (Arsova, 2010).
In this respect, researchers' efforts are directed to mix of the
energy production and the production of bioshlam, which enhances
soil fertility. One direction of the research is the combination of
substrates, including using energy crops in order to obtain gas fuel
and bioshlam of programmed level of mineralization of the organic
substances (Petkov and Baykov, 1988; Wilkie еt al.,2004; Baykov et
al., 2005; Lim еt. al., 2008).
The present study is a continuation of previous studies made by
the team (Shindarska еt al., 2012; Shindarska et al., 2013), involving
plant substrates in order to contribute to the energy conservation
and environmental problem and meet the requirements of
Regulation 22/2001 (for organic production in plant growing). The
aim is to make a comparative assessment of plant resources used
as substrates in the production of biogas, as well as to assess the
bioshlam which was derived from them after methane fermentation.

Material and methods
Study area
The study was carried out with silages of different types (Table 1),
* e-mail: zshindarska@hotmail.com
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Table 1. Scheme of the vegetable resources

№
1
2
3
4
5
6

Types of silage
Corn silage
Sweet corn silage
Forest silage
Silage with participation of 90% sugar beet + 10% straw
Silage with participation of 90% red beet + 10% straw
Silage with participation of 90% fodder beet + 10% straw

produced by plants, which are part of the plant community in the
forest ecosystems, waste biomass from agricultural crops used for
grain (straw, leaves and stems from sweet corn), the whole plant of
green corn harvested in wax maturity and three types of beet (sugar
beet, red beet and fodder). The tested silages derived from the
compared raw materials as follow:
• Corn silage: for the silage production green corn which was
planted as a second crop was used;
• Sweet corn silage: stems and peels of sweet corn cobs,
Table 2. Composition of forest silage

Components
Oak (leaves)
Beech (leaves)
Birch (leaves)
Blackberry (leaves+branches)
Hornbeam (leaves)
Spruce
Molasses

%
20
15
15
20
15
10
5

harvested at milk maturity, were used for its production. The harvest
coincides with the period of corn silage production used as feed for
the animals and in some countries – for the production of biofuel;
• Forest silage – it was prepared using our recipe and
technology (Table 2).
Sampling and preparation
The fresh plant biomass has been ensiled at 32–33% humidity.
Silage containing beet and waste biomass (straw) – in its
preparation the ratio between beet and straw is 90:10 concerning the
three types of beet (sugar beet, red beet and fodder beet). The raw
materials were well cut in advance, they were well homogenized and
then silage was made. For all silage the traditional silage making
technology was utilized. The silage samples were taken after the raw
materials had been stored for 5–6 months. Than five parallel
samples were collected from different locations of the silos and
prepared for analyses. Total number of collected and analyzed
samples was 30.
Parameters and methods for analysis
The following parameters of the tested silages and methods for
analysis were determined: dry matter (DM) by BSS EN 14346
(Bulgarian State Standard), organic matter (OM) and organic carbon
(OC) by BSS EN 13137, nitrogen Kjeldahl (N) by BSS 13342,
calcium (Ca) by EPA 6010C, magnesium (Mg) by EPA 6010C,
potassium (K) by EPA 6010C, phosphorus (P) by EPA 6010C, pH
(H2O) by BSS EN 12176 and heavy metals – arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead
(Pd), zinc (Zn) by EPA 6010C.
Statistics
The data were processed statistically and expressed by means
and standard deviations (SD).

Results and discussion
The results for the composition of the tested raw materials
(silages) are shown in Table 3. From the date it can be seen that the
dry matter content in the different silages varied from 20.60% (for the
sweet corn silage) to 36.11% for silage containing sugar beet and
straw. Having in consideration that the recommended dry matter

content in substrates for the production of biogas is 7–10%
(Bayshtok еt al., 2009), the studied silages correspond to the
technological requirements. There is a similar trend in terms of the
organic matter indicator (expressed in % of DM). The highest
content of OM (organic matter) is in sweet corn silage (followed by
forest silage), while the lowest OM content is found in the silage mix
of mangold and straw. In terms of the organic carbon indicator, the
forest silage has the highest values (39.50%), while the corn silage
has the lowest values (26.49%). In terms of their carbon content, the
silages containing different types of beet are very similar. The
nitrogen content is highest in the silages containing red beet and
mangold (2.59% and 2.41% respectively). The ratio between the two
nutrients C:N is within the optimal range recommended for biogas
production, while it is most prevalent in forest silage (30,38:1) and
depends on the type of the plant material, as well as the period of
harvest. In our case, the fresh plant biomass is harvested in July and
ensiled at 29–30% humidity. It should be noted that the materials
contained in forest silage are obtained from relatively low fertility
soils, which allows mixing and combining with other organic waste
(such as manure), with regard to the need of nitrogen in the soil, as
well as abiding by the Nitrate Directive (1991). Comparing forest
silage with corn silage (which in Europe, and especially in Germany,
is essential for the production of biofuel – Wilkie еt al., 2004), it can
be observed that forest silage has a higher energy resource due to
its higher carbon content.
The sweet corn silage is a waste product (contains stems and
peels) of sweet corn production. In recent years its production has
increased as its harvest coincides with the period of corn silage
production which is used as animal feed and in some countries for
biofuel production. Comparing both type of silage on the basis of the
dry matter content, it is observed that the difference is 7.4%. (lower
for the sweet corn silage), which makes its use as animal feed
difficult to achieve. At the same time OM (expressed as % of the dry
matter) is 9.6% higher compared to traditional corn silage (P<0,01).
The two types of silage (the traditional one as well as the sweet corn
one) have optimal ratio of the two nutrients C:N (14.8 and 16.3
respectively), (Table 3). All technological indicators (DM, C and N)
show that the waste biomass obtained from the production of sweet
corn is an alternative energy resource which can be used as a raw
material in substrate mixes for the production of biogas.
In a previous our studies (Shindarska еt al., 2012; Shindarska еt
al., 2013), we examined the three types of beet as pure substrates

Table 3. Сomposition of the investigated silages, n = 5, Mean ± SD

Type of silage

Dray matter
(DM),% *

Organic matter (ОM),
% (% от DM)

С, %

N, %

C:N

pH

Corn

28.00 ± 0.42

80.90 ± 0.67b

26.49 ± 0.29

1.79 ± 0.09d

14.80 : 1

4.60 ± 0.30

Sweet corn

20.60 ± 0.13

90.50 ± 1.04

30.80 ± 0.64

1.89 ± 0.03

16.30 : 1

4.10 ± 0.10

Forest

26.68 ± 0.77

86.29 ± 1.11

39.50 ± 0.64

1.30 ± 0.07

30.38 : 1

4.95 ± 0.05

90% sugar beet
+ 10% straw

36.11 ± 0.15

80.10 ± 0.29b

36.15 ± 1.21c

1.78 ± 0.03d

20.31 : 1

5.40 ± 0.21f

90% red beet
+ 10% straw

31.05 ± 0.98a

81.67 ± 0.33b

36.94 ± 0.98c

2.59 ± 0.21e

16.56 : 1

5.21 ± 0.34fg

90% fodder beet
+ 10% straw)

31.63 ± 0.36a

68.93 ± 0.45

35.41 ± 1.03c

2.41 ± 0.11e

14.69 : 1

5.10 ± 0.17g

* Means in the same column, indicated by the same letters, are not statistically (P>0.05) different
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for biofuel production. Considering the possibility for long-term
storage, sugar beet is an optimal raw material, from technological
point of view, which allows its use all year round. In the present study
silages containing three types of beet (sugar beet, red beet and
mangold) and waste biomass from the production of cereals – straw,
are analysed. In the second half of the last century there was a welldeveloped practice for storing large amounts of straw and its use in
livestock breeding (as bedding and feed). Baykov (2013)
successfully include straw in mixed substrates in the mix for organic
fertilizers. It is known that straw is poor in the nitrogen biogenic
element. The results from our comparative study demonstrated that
the combination of straw with beets in an appropriate ratio (10:90%),
the technological parameters of the silage corresponds to the biogas
production requirements. The high crude fibre content in straw
allows for the anaerobic decomposition to be directed to the
production of bioshlam which will improve the structure of the soil.
The data on the macro-elements content in the tested materials
are shown in Table 4a. From the results it is seen that the potassium
content is highest in the sweet corn silage, and lowest in the silage
from sugar beet and straw. A similar trend is observed in terms of the
macro-element phosphorus. The percentage of calcium is highest in
forest silage (1.25%) and lowest in the silage containing sugar beet
and straw (0.14%). In terms of magnesium content the differences
are in narrow border in the studied raw materials and varied from
0,14 to 0,22%.

Table 4b presents the data on the micro-elements content in the
studied raw materials. Copper content ranges from 3,5±0,2 mg/kg
for corn silage to 9,3±0,1 mg/kg for the silage containing red beet
and straw. Regarding the zinc content, the tested silages can
differentiated in into three groups – with high level – 67,9±0,8 mg/kg
(red beet and straw), with law level – 12,7±0,6 – 13,8±0,3 mg/kg
(sugar beet and straw, fodder beet and straw) and with level higher
than the lowest level, but lower than the average level (corn, sweet
corn and forest silage) – 20,1±0,6 – 25,8±0,9 mg/kg. Higher values
of zinc are observed in the silage containing red beet and straw in
comparison to the other types of materials and major differences in
terms of this trace element between the silages containing different
types of beet. A similar trend is observed in our previous studies
involving different types of beet (Shindarska еt al., 2012). The
content of the trace elements chromium and nickel in the studied raw
materials is too diverse and ranged between 1,0±0,2 and 8,2±0,7
mg/kg for Cr, and between 1,8±0,2 and 7,6±0,5 mg/kg for Ni.
Concerning the content of lead analyzed silages fall into two groups
– with level <1,0 mg/kg (corn, sweet corn and forest) and with level
<5,0 mg/kg (sugar beet and straw, red beet and straw, and fodder
beet and straw). The content of the rest elements – As, Cd and Hg is
equal in all types of silages. In all studied silages the quantity of toxic
elements is below the permissible for the production of biogas, as
well as under limit values according to Regulation № 22/2001 for
organic production of plant.

Table 4a. Content of macro elements in silage of different type n = 5, Mean ± SD

Type of silage

К, %

P, %

Mg, %

Ca, %
c

0.31 ± 0.01

e

0.20 ± 0.01g

Corn

0.79 ± 0.04

0.15 ± 0.12

Sweet corn

1.32 ± 0.21

0.29 ± 0.05

0.39 ± 0.08e

0.22 ± 0.02g

Forest

0.55 ± 0.02a

0.12 ± 0.01c

1.25 ± 0.08

0.15 ± 0.01h

90% sugar beet
+ 10% straw

0.54 ± 0.02a

0.05 ± 0.01

0.14 ± 0.03f

0.18 ± 0.02h

90% red beet
+ 10% straw

0.91 ± 0.03b

0.08 ± 0.01d

0.16 ± 0.03f

0.14 ± 0.01h

90% fodder beet
+ 10% straw)

0.91 ± 0.01b

0.10 ± 0.02d

0.20 ± 0.01f

0.16 ± 0.02h

* Means in the same column, indicated by the same letters, are not statistically (P>0.05) different
Table 4b. Content of micro elements in silage of different type, mg/kg, n = 5, Mean ± SD

Type of silage
Corn
Sweet corn

Cu

Zn

As

Cd

Cr

3.5 ± 0.2

24.8 ± 0.8

<1.0

<0.5
<0.5

4.0 ± 0.3

20.1 ± 0.6

<1.0

Hg

Ni

Pb

1.0 ± 0.2a

<1.0

1.8 ± 0.2

<1.0

a

<1.0

2.2 ± 0.4

<1.0

1.3 ± 0.4

d

Forest

5.2 ± 0.5

25.8 ± 0.9

<1.0

<0.5

4.8 ± 0.4

<1.0

3.5 ± 0.2

<1.0

90% sugar beet
+ 10% straw

6.3 ± 0.2

12.7 ± 0.6

<1.0

<0.5

3.6 ± 0.1

<1.0

7.6 ± 0 5

<5.0

90% red beet
+ 10% straw

9.3 ± 0.1

67.9 ± 0.8

<1.0

<0.5

6.2 ± 0.4b

<1.0

4.6 ± 0.3

<5.0

90% fodder beet
+ 10% straw)

7.9 ± 0.2

13.8 ± 0.3

<1.0

<0.5

8.2 ± 0.7b

<1.0

3.6 ± 0.2d

<5.0

* Means in the same column, indicated by the same letters, are not statistically (P>0.05) different
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Table 5а. Biogenic content of macro elements in compost (bioshlam) from silage of different type

% of mineralizetion of the ОM *

N, %

% of < N
compared to N
in the feedstock

K, %

% of < K
compared to K
in the feedstock

P, %

% of < P
compared to P in
the feedstock

Corn

47.11 ± 1.09

3.67 ± 0.29

48.51

2.67 ± 0.14b

56.18

1.44 ± 0.11

104.17

90% sugar beet
+ 10% straw

44.03 ± 1.78

3.07 ± 0.12

57.98

1.64 ± 0.17b

30.49

0.14 ± 0.02

35.71

90% red beet
+ 10% straw

49.70 ± 2.19

4.67 ± 0.43a

55.46

2.54 ± 0.15

31.49

0.28 ± 0.01c

28.57

90% fodder beet
+ 10% straw)

58.89 ± 2.01

4.55 ± 0.28a

52.97

3.70 ± 0.36

27.03

0.34 ± 0.05c

29.41

Type of silage

* OM - Organic matter.
* Means in the same column, indicated by the same letters, are not statistically (P>0.05) different
Table 5b. Content of micro elements in compost (bioshlam) from silage of different type, mg/kg, n = 5, Mean ± SD

Type of silage

Cu

Zn

As

Cd

Cr

Hg

Ni

Pb

124.3 ± 5.3

553.9 ± 21

<50

<5

2.3 ± 0.02

<10

10.1 ± 0.04

<50

90% sugar beet
+ 10% straw

13.1 ± 0.9

82.7 ± 9.0

<50

<5

10.4 ± 0.11

<10

9.5 ± 0.03

<50

90% red beet
+ 10% straw

17.4 ± 1.1

95.4 ± 6.5

<50

<5

20.7 ± 0.11

<10

19.7 ± 0.07

<50

90% fodder beet
+ 10% straw)

28.2 ± 1.5

144.8 ± 11.3

<50

<5

12.5 ± 0.04

<10

13.6 ± 0.09

<50

Corn

* Means in the same column are statistically different at P<0.05

Table 5a presents the data for the content biogenic macroelements in the compost (bioshlam) derived from the tested raw
materials. In biogas production the content of the used raw materials
changes (carbon, hydrogen and oxygen are included in the biogas)
as a result of redistribution of the chemical elements. As a result
there is an increase in the content of biogenic elements which are
limiting in agrocoenoses, namely: nitrogen, potassium and
phosphorus. The level of mineralization of the organic matter is
indicative; it is highest in the bioshlam derived after methane
fermentation of the silage containing mangold and straw fodder
beet, followed by the silage containing other types of beet (red beet
and sugar beet). The nitrogen content is highest in the bioshlam
obtained from silages containing red beet. The lowest nitrogen
content is found in the raw material (silage from red beet + straw).
The increase of nitrogen in the bioshlam for all tested materials is
between 48.51% (for corn silage) and 57,98% for the silage
containing straw and sugar beet. The potassium content in the
bioshlam obtained from the tested materials is in the range from
1.64% (for silage containing sugar beet) to 3.70% (for silage
containing fodder straw). The increase in potassium though is
highest in the bioshlam obtained from corn silage (56.18%). For the
rest of the materials, the increase in the potassium content in the
bioshlam is approximately 30%. A high percentage of phosphorus is
observed in the bioshlam derived from corn silage compared to the
one in the raw material. For the other raw materials, the increase in
phosphorus after methane fermentation is in the range of
28.57%–35.71%. The obtained results allow control over the
amount of biogenic elements introduced to the soil by combining
substrates in advance in view to improve soil fertility and abiding by

the Nitrate Directive (1991).
The Table 5b presents the data on the heavy metals content in
the bioshlam derived from the tested raw materials. An increase of all
toxic elements in the bioshlam is observed compared to the tested
materials. This increase varied in different borders at various
elements: Cu – from 1.82 (sugar beet and straw) to 35.4 times (corn);
Zn – from 1.39 (sugar beet and straw) to 22.3 times (corn); As – 50
times for all types of bioshlam; Cd and Hg – 10 times for all types of
bioshlam; Cr – from 1.46 (fodder beet and straw) to 3.22 times (red
beet and straw); Ni – from 1.18 (sugar beet and straw) to 4.13 times
(red beet and straw) and Pb – from 10 (sugar beet and straw, red
beet and straw, fodder beet and straw) to 50 times (corn). The
established redistribution and their increased amount in the
bioshlam is not a reason for them to be excluded as means of
improving soil fertility, as they are below the permissible
concentration limits for the soil.

Conclusion
The obtained alternative materials for biogas production – corn
silage, sweet corn silage, forest silage (biomass from forest
vegetation), silage containing straw and three types of beet (sugar
beet, red beet and mangold), as well as the bioshlam derived from
them after methane fermentation, lead to the following conclusion:
· In terms of technologically permissible parameters (dry
matter, organic matter, macro- and microelements, the studied
energy resources can be used as raw materials in the mix for biofuel
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production.
• Forest silage as a general term which is specific for each
forest ecosystem, due to substantial differences in the structure of
the biocoenoses, as well as in the soil composition, can be an
alternative material to the energy crops for the production of biogas
(the dry matter content is 26.68%, the organic carbon – 39.50%, and
nitrogen – 1.30%, and the ratio between them is 30.38:1. Compared
to other silages on this indicator, the forest silage is superior to them.
• The studied plant materials after methane fermentation have
high percentage of organic matter mineralization, which is
evidenced by the high values of the main macro-elements (nitrogen,
potassium, phosphorus, calcium and magnesium) in the bioshlam.
• The incorporation of carbon, oxygen and hydrogen in the
composition of the biogas is the reason for the change in the ratio
and amount of the toxic elements. Despite the higher levels of the 8
toxic elements (Cu, Zn, As, Cd, Cr, Hg, Ni and Pb) in the bioshlam
derived from the tested plant materials, they are below the critical
limit for soil and plants. The main advantage of the bioshlam from the
viewpoint of the agro chemistry is in the preservation of all biogenic
macro- and micro-elements in available mineral salts or organic
compounds, which improve soil structure.
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