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The study aimed to determine the influence of addition of Sida hermaphrodita silage into cattle forage on efficiency of methane
fermentation of cattle manure. Efficiency of methane fermentation connected with amount and composition of produced biogas was
determined with respirometric tests. Methane fermentation was performed in mesophilic conditions with initial organic compounds
loading of 5 g VS/(dm?-d). The study was divided into two stages. In first stage, substrate in methane fermentation was only cattle
manure. In second stage, substrate in methane fermentation was cattle manure and Sida silage. There were three series of experiments
in each stage, due to cattle manure was obtained from cattle fed with forage differ in contribution of Sida silage (0 — series 1, 17% —
series 2, 34% — series 3).

In the stage 1, biogas production 0f223+15 L/kg VS, 247+8.5 L/kg VS and 231+18 L/kg VS was noted in the series 1, 2, and 3, respectively.
The addition of Sida silage to the cattle forage had no impact on biogas potential of cattle manure. In the stage 2, the same tendency was
observed. No differences in biogas composition between series were also observed. Methane content in biogas was about 60%.
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INTRODUCTION

The development of biogas market is related to sources of lignocellulosic substrates that are not competitive for
food crops. These sources are plants that can produce high biomass yield on degraded and light soils. An example of such
a plant is the Virginia mallow or Virginia fanpetals (Sida hermaphrodita Rusby) (Borkowska and Styk, 2006, Barbosa et
al. 2014) that belong to genus Sidia, including annual and perennial plants, and shrubs. Sida hermaphrodita cultivation is
successful on all soil types, the only condition for biomass growth is sufficient humidity. This plant grows even on
chemically degraded areas, landfill sites subjected to reclamation, excavated heaps, slopes of eroded land, or on land
excluded from agricultural use (Borkowska and Molas, 2013).

The biomass of Virginia mallow has found wide possibilities of application. Sida might be used as a forage and
energy source. Moreover, Sida biomass has been used in a pulp and paper industry. Due to high protein content (20%),
Sida might be used as a cattle feed. It is eagerly eaten by sheep, rabbits, pigs, and cows. Silage of Sida hermaphrodita is
easy to prepare. Leaves, which account for about 50% of the weight, accumulate a large amount of vitamin C, carotene
and lipids. The Sida biomass is also characterized by a relatively high content of calcium and phosphorus. Considering
the chemical composition, Sida is similar to lucerne (Giwa, 2017). The advantage of Sida cultivation is its use for several
years, not only in agricultural areas, but also in wasteland or degraded areas. Biomass of Sida might be characterized by
the availability of different moisture content of the biomass, depending on the demand (Borkowska and Molas, 2012). If
Sida is harvested in the form of green fodder (late spring harvest), the biomass can be ensiled and served as an animal
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feed or substrate for a biogas plant (Zielinski et al. 2017). The biomass collected in dried form (harvest in winter) can be
used in various ways, for example in direct combustion, processing into briquettes or pellets.

The aim of this study was to determine the efficiency of biogas production from manure from cattle fed with Sida
hermaphrodita silage. The influence of addition of Sida silage to the forage on biogas production from dairy cow manure
was tested.

METHODOLOGY
The studies about the influence of addition of Sida hermaphrodita silage on efficiency of anaerobic digestion of
cow manure was performed on laboratory scale. Characteristics of substrates used in the experiment is presented in

Table 1. The characteristic and chemical composition of the forage is presented in Table 2.

Table 1. Characteristics of substrates used in the experiment

VS cP EE
0, 0, 0, 0, 0,
TSI | SSI%t] | 1y | 1 | oy |NDF[%rs] [ADF (%] ADL [%re
Sida silage 160 1014 | 8986 | 1926 - 2371 3271 -
Cattle manure (0% silage) | 12,91 | 1451 | 8549 0,29 0.95 57.89 4056 3288
0,
Cattle rs':f;g‘g)e (17% 1525 | 1573 | 8427 033 143 57.18 43,08 34.32
0,
Cattle 'S‘:f‘;g‘g)e (34% 1420 | 1480 | 8520 0,48 1,04 48,70 37,87 28,97

The experiments were divided on two stages. In the stage |, the bioreactors were fed with the cattle manure. This
stage has three series, in each series Sida silage constituted in cow diets of 0, 17 and 34%, respectively. In the stage II,
the bioreactors were fed with the cattle manure and Sida silage in a 1:1 weight ratio.

Table 2. Feed and chemical composition of the experimental diets

| Control | Sida low | Sida high
Feed composition (%DM)
Maize silage 35 344 34.4
Sida silage - 17 34
Alfalfa silage 35 17 -
Concentrate 30 29.4 29.4
Straw triticale 2.1 2.1
Chemical composition (g/kg DM)
DM (g/kg FM) 432.6 345.6 283.6
oM 930.2 931.4 932.1
CP 154.2 153.0 154.1
EE 28.8 32.6 35.1
aNDF 392.0 397.9 395.4
ADF 220.1 228.9 231.7

FM — fresh matter; DM — dry matter; OM — organic matter; CP — crude protein; EE — ether extract; aNDF — neutral detergent fibre assayed with heat
stable amylose; ADF — acid detergent fibre

The study used the Methane Potential Analysis Tool AMPTS Il Bioprocess Control. This device is used to measure
the flow of biomethane, produced during anaerobic digestion from biodegradable substrates.

The device consisted of three subunits. The main component was a bioreactor placed in a water bath that maintains
constant temperature of the process. Methane fermentation was carried out under mesophilic conditions at 38°C. The
bioreactors had volume of 500 mL. The reaction chambers were connected to the multifunctional agitation system. Mixing
in the reactor run for 30 seconds each 10 minutes at 100 rpm. Another element was the biogas flow measurement system,
which was a water reservoir with cell sensors. Each reaction chamber corresponded to one measuring cell that by built-
in motion sensors, enabled for an automatic measurement of the amount of biogas produced. The data collection system
was used that display and control the results during the experiment.

The applied method determines the activity of anaerobic sludge, the susceptibility of substrates to biodegradation
and the amount of gaseous metabolites of microorganisms. The device continuously recorded the total and instantaneous
biogas production value. In each of the experiment series, the reactors were inoculated with an anaerobic sludge derived
from a fermentation reactor operating on a semi-technical scale, the input of which was Sida silage and cattle manure.
The inoculum was mixed with the test substrates in a 5:1 dry weight ratio. In order to provide anaerobic conditions at the
beginning of the experiments, a continuous flushing of pure nitrogen through the sludge was done.

Analytical methods

The concentration of dry mass, organic and mineral dry mass was determined with gravimetric method. This
method include evaporation of the sample, drying of the residue at temperature of 105°C to a constant weight, and then
repeating the steps with taking into account the burning of the dry residue in temperature of 550°C.
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The gas for quality analysis was taken from the reactors by a gas-tight syringe. The reactors were fitted with valve
plugs. The volume of 5 mL was collected and the composition and percentage were analyzed by GC Agillent 7890 A.
The chromatograph was equipped with a thermoconductor detector (TCD). The percentage of the following biogas
components was determined: CH4 methane, CO- carbon dioxide and oxygen O-.

Samples were assayed for dry matter (DM), crude ash, crude protein (CP), ether extract(EE), crude fiber (CF) by
standard methods (AOAC, 2005), aNDF by the method proposed by Mertens (2002) and ADF — proposed by Van Soestet
al. (1991) using the ANKOM 220 fiber analyzer.

Statistic analysis. The measurements in all series were performed in five replications. After testing for homogeneity
of variance with Levene’s test, the significance of differences between variants was tested with Tukey’s HSD test.
Differences were considered significant at p<0.05.

RESULTS AND DISCUSSION
In the stage I, the cattle manure from cows fed with the forage containing different doses of Sida silage was tested
(Table 2). Characteristics of substrates and inoculum before and after anaerobic digestion used in the experiment is

presented in Table 3.

Table 3. Characteristics of substrates and inoculum before and after anaerobic digestion used in the experiment

Inoculum and substrate before anaerobic digestion Inoculum and substrate after anaerobic digestion
TS[%] | VS[%ts] | Hydration[%] | TS[%] | VS[%rts] | Hydration %]
Stage |
Series 1 6,4 85,04 93,6 4,6 65,83 954
Series 2 7.3 87,17 92,7 4,8 65,13 95,2
Series 3 6,9 87,12 93,1 44 68,82 95,6
Stage 11
Series 1 7,7 84,59 92,3 4,5 66,00 95,5
Series 2 8,2 84,69 91,8 4,6 64,99 954
Series 3 7.8 85,84 92,2 4,3 70,57 95,7

After the methane fermentation process, the organic dry matter was reduced by approx. 25% in all series of the
experiment and the moisture of the substrate and inoculum mixture increased slightly.

The highest biogas production was observed in the series 2, in which the forage contained 17% of Sida silage. In this
series the biogas production was 247+8.5 L/kg VS. In the series 3, in which the forage contained 34% of Sida silage, the
biogas production was 231+18 L /kg VS. These values were not significantly different. However, these values were
comparable with the biogas production from the control reactor, in which Sida silage was not added to the forage.

The fermentation of mono substrate is not applied in agricultural biogas plants. Generally, the reason of this is
unfavorable C/N ratio and macro or micronutrient deficiencies. The high nitrogen content of cattle manure might cause
problems in the use of this substrate as a feedstock for the fermentation chambers. Addition of lignocellulosic substrates
improves the biodegradability of manure by altering the physical and chemical properties of the substrate. In order to
maintain the process stability and high methane productivity, the substrate should have a C/N ratio between 20 and 35.
The cattle manure has a low C/N ratio of 11-14 (Soheil et al. 2017; Tufaner andAvsar, 2016).

The literature showed that the average methane content of the biogas obtained from manure is about 50-60%
(Noorollahi, 2015), as confirmed by the results of this study. The percentage share of the biogas components was very
similar in all series of the stage I, of the study. Methane content ranged from 59 to 61% (Fig. 1).

In the stage 11 to the reactors additionally Sida silage was introduced. The same tendency was observed as in the
stage I. The highest biogas production was observed in the series 2, in which the forage contained 17% of Sida silage.
The biogas production in this series was 82510 L/kg VS (Table 4), whereas the biomethane production was 503.25+12.4
L/kg VS. The control reactor was characterized with biomethane production of 457.5+8.94 L/kg VS. However, in the
series 3, in which the forage contained 34% of Sida silage, the biomethane production was 475.8+9.7 L/kg VS. Similarly
as in the stage I, the biomethane content in biogas was about 61% (Fig. 1).

Table. 4. Biogas production rate in the successive experimental series.

Stage |
Series 12 Series 22 Series 3?2
Nl/kg 24+5.0 32+6.6 2843.8
NI/kgom 189+£12.5 215+14.0 201+8.8
NI/kgopm. 223+15.0 24748.5 231+18.0
a — no statistically significant differences
Stage 11
Series 12 Series 2P Series 3°
NI/kg 97+10.6 115+7.1 109+8.2
NI/kgom. 645+12.1 718+11.5 679+13.4
NI/kgopm 750£12.8 825+10.0 780+16.4
a-b — statistically significant differences between groups
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Cestonaro et al. (2015) co-fermented the cattle manure with sheep slurry, which contained significantly more
lignocellulosic compounds. The studies were performed in several experiments with different percentage content (from
0% to 100%) of manure and slurry. The fermentation was carried out in 6 L fermenters at temperature of 18.4+4.1°C.
The authors observed that the addition of the cattle manure higher than 50% significantly increased the yield of biogas.
The highest efficiency of the biogas production was obtained with a substrate consisted of 25% of the sheep slurry and
75% of the cattle manure. The biogas production from this substrates was 171 L/kg TS that was about 20% more than in
the control sample, in which the substrate was sheep slurry (Cestonaro, 2015).
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Figure 1. Percentage content of major components of biogas in the successive experimental series.

The co-fermentation of a cattle manure was also carried out by Saidu et al. The authors used the effluent from
palm oil production for the enrichment of the substrate and increasing the efficiency of the biogas yield. The process was
carried out in a semi-continuous system for more than 20 days. The methane content of the produced biogas was increased
of more than twice by co-fermentation. In the control sample (only with cattle manure) the methane content in biogas was
18%, whereas in the sample from co-fermentation it increased to 41% (Saidu et al. 2013).

The application of co-fermentation and introduction of Sida silage into the reaction chambers had a positive effect
on the efficiency of the process. High stability of the technological system was obtained with increased production of the
biogas by more than three times.

CONCLUSIONS

The highest efficiency of the biogas production, with a content of about 60% of biomethane, might be obtained by
co-fermentation of the cattle manure with Sida silage. The yield of biogas production from co-fermentation was in the
range of 750+12.8 to 825+10 L/kg VS. A slightly higher efficiency of the biogas production was observed from the cattle
manure from cows fed with the forage contained 17% of Sida silage then in the control sample. To obtain higher biogas
production it is preferable to co-fermented of the cattle manure with Sida silage. The addition to the forage of the Sida
hermaphrodita silage did not significantly affect the biogas production from the cattle manure.
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