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Studies of the decomposition of fibre 
components in the biogas process by means 
of in-sacco-batch method
Claudia Demmig, Frank Höppner, Dietmar Ramhold, Michael Nelles

The substrates used in biogas plants are characterized on the basis of their biogas potential. 
The in-sacco-batch method is an approved method for animal nutrition which determined the 
digestibility of ingredients of different feedstuffs. The digestibility and the rate of degradation 
of plant components and fibre components in the biogas process are important parameters. 
The batch fermentation test for estimating the biogas potential of substrates has no sig-
nificance in this regard. For the optimization of the biogas process the digestibility of fibre 
components plays an important role. In this paper the he in-sacco-batch method was adapted 
for the biogas potential tests. The method allows the characterization different fermentation 
additives in view of the digestibility of substrates.
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In biogas production from energy crops, provision of the necessary substrate represents the main 
cost factor. Major energy suppliers in agricultural biogas production include silages from maize and 
grass, the loss-free harvesting and conservation of which can lead to substantial cost savings. Timing 
of harvesting or cutting of these energy crops is dependent on vegetation development and weather 
conditions. The process of ensiling has been known for decades and can be supported by certain ap-
plications such as use of silage additives. In forage production, as well as in the biogas production, 
the aim must be conservation of the energy potential in the field with as little loss as possible for 
subsequent application in animal nutrition or in the biogas plant. Application of the in-sacco-batch 
testing method on a laboratory scale is aimed at, on the one hand, proving this method is suitable for 
characterisation of energy crop plants while also representing an informative way of investigating 
biogas production potential. On the other hand, the method should also demonstrate the relationship 
between anaerobic degradation and timing of the energy crop harvest.

During the vegetation period the relationship between cell contents and cell wall constituents 
alters, depending on fibre composition (Jung und Buxton 1993). Cell contents such as proteins, lipids 
and sugars from grass and maize silage reduce with increasing plant maturity. Meanwhile, cell wall 
constituents cellulose, hemicellulose and lignin, increase. In biogas production, cell contents are 
readily convertible substances. Depending on degree of lignification, and time spend in the biogas 
process, cell wall constituents are difficult to degrade, thus limiting extent of substrate degradabili-
ty. Hydrolysis is the first step in the biochemical breakdown of crop biomass by bacteria (Zverlov et 
al. 2010). The hydrolytic breakdown of particularly resistant cellulose fibres in the cell walls takes 
place especially slowly (SchwarZ 2004) Furthermore, only a few microorganisms are capable of com-
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pletely degrading these structures (Köllmeier et al. 2012). The substrate degradation of a straw-hay 
mix (50 : 50) is investigated by Köllmeier et al. (2012). Before the substrate mix is fed into the biogas 
process, substrate fibre is milled to 5 mm length and dried. Degree of degradation of the straw-hay 
mix is observed in association with starting pH value. Results show that, with increasing pH, extent 
of degradability is greater. Additionally, the influence of fermentation residue on degradation was 
assessed. The higher the percentage of fermentation residue within the total medium, the higher is 
also the extent of degradability. From the investigation results, however, it is not clear whether during 
drying the fermentation acids and alcohols, according to weiSSBach and StruBelt (2008) were taken 
account of in calculation of the extent of degradation.

The in-sacco-batch method in the biogas field has been also described by marín-PéreZ and weBer 
(2012) and marín-PéreZ et al. (2012), amongst others. marín-PéreZ und weBer also presented hydrol-
ysis as limiting step in lignocellulose degradation within the biogas process and investigated the 
degradability of lignocellulose at different pH levels and with addition of various microorganism 
cultures. In this case, a dried material was selected as substrate, a mix of straw and hay. The results 
of this work show that pH value and temperature both influence degradability. Higher degrees of 
degradability were found by temperatures between 45 and 50°C and at pH values between 6.2 and 
6.3. Investigations by (teller and vanBelle 1990) into In-Sacco digestibility of grass silages fed to 
heifers confirm that the time of harvesting has an influence on degradability within the rumen. An 
influence of wilting on ruminal degradability could not be demonstrated, however. PerčuliJa et al. 
(2011) investigated degradability by sheep of dry matter and NDF of grass silages harvested at three 
different times, once again by the In-Sacco method. In these investigations, too, the silages were dried 
and milled before going into nylon bags and the rumens. The results show that the degree of dry 
matter degradation is dependent on the harvest time or maturity of grass. The extent of dry matter 
degradation decreases in-line with increasing crop plant maturity. In the investigations by weiSS et 
al. (2011) with batch fermentation of grass silage, a zeolite was given so that the colonisation of mi-
croorganisms and enzyme activity could be investigated. The zeolite was added in a polyamide sack 
to investigate the colonisation of microorganisms within a defined area in order to exclude inoculum 
influences. Degradability degree of the different constituents of grass silage was not observed in 
these investigations. wroBlewitZ et al. (2014) investigated the influence of carbon dioxide enrichment 
of the atmosphere on growth of the maize plant as well as on maize grain nutrient digestibility by 
cattle. A significant effect of atmospheric CO2 on degradation of crude protein and aNDFom (ash free 
Neutral-Detergent-Fibre) could be demonstrated. The degradation kinetic as well as degradability 
degree were negatively influenced.
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Material and Methods
At the Julius Kühn Institute in Braun-
schweig, a trial plot with a population of 
Lolium multiflorum (Italian ryegrass) was 
harvested at four different cutting times, 
each representing a new growth after an 
earlier harvest. The first cut took place 
at beginning of ear emergence, with the 
three following cuts carried out after ear 
emergence. After each cut, the material 
was wilted, homogenised and then en-
siled over 90 days in 1.5 litre preserving 
jars (Weck). The ensiling took place with 
threefold repetition for each opening day. 
Following conclusion of the ensiling pro-
cess, the silage was comprehensively an-
alysed (Table 1). The trial location Braun-
schweig Völkenrode lies 75 m above sea 
level with long-term average temperature 
of 8.7 °C and precipitation 619 mm. Soil 
type is 30–40 point silty sand (gleyic 
cambisol). The in-sacco-batch trials took 
place according to Banemann et al. (2012) 
and SüdeKum (2005) being schematically 
presented in (Figure 1). Compared with 
a biogas potential determination, the 
fermentation took place in an in-sacco-
batch trial in a porous nylon bag (ANKOM 
Technology) with 50 μm mesh. The fer-
mentation residue remaining within the 
nylon bag can be examined in detail af-
ter differing incubation periods. In these 
trials, incubation periods of 4, 7, 10, 15 
and 42 days are selected. Every incuba-
tion day was subject to threefold repeti-
tion. The fermentation took place in 60 l 
clamp-ring barrels as batch fermenters, 
kept in constant-temperature heat cabi-
nets at 40°C, mesophilic conditions. The 
ball valve on the lid of each container has 
a gas storage bag (Dr.-Ing. RITTER Appa-
ratbau) attached by coupling connector 
(CPC Colder Products) for collecting the Figure 1: Schematic structure of in-sacco-batch trials 
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biogas produced. For replacing biogas collection bags at the filling point, the system allows loss-free 
interruption of flow.

The batch fermenters each contain 20 kg inoculation sludge (mesophilic, municipal waste water 
treatment plant). The dry matter content (DM) of the sewage sludge is 2.56 % FM, the organic dry mat-
ter (oDM) being 1.29%. Within this is placed the grass silage substrate in nylon bags. The substrate 
amount of grass silage, weighed in the nylon bags, is calculated applying equation 1 according to VDI 
4630 (vdi 2004):
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 (Eq. 1)

In order to reduce headspace volumes, 20 litres water was added. The pH rose slightly through this 
addition of water, but not significantly. Inert nitrogen was used to drive any air out of the headspace. 
In conclusion, the batch fermenter was closed airtight. For determining the blank value, only batch 
fermenters filled with inoculated sludge and water were used. Furthermore, to control inoculated 
sludge activity, three batch fermenters with inoculum and microcrystalline cellulose (Merck KGaA) 
were applied. The biogas produced was collected via drum-type gas meter (Dr.-Ing. RITTER Apparate-
bau, TG 10, with water sealing liquid and calibration half-yearly) after 4, 7, 10, 15 and 42 days. With 
a Visit 03 gas detector (Messtechnik EHEIM, measuring precision ± 2 %, calibration half-yearly with 
test gas), the volume percentage potential of methane, carbon dioxide and hydrogen sulphide could be 
measured. On the same day as the gas measurement, the collection of material from the nylon bags 
took place in threefold repetition. The volume of biogas is depending on atmospheric pressure, tem-
perature and vapour pressure of the water. The biogas yield is calculated in accordance to VDI 4630 
(VDI 2004) (standard pressure 1013,25 mbar, standard temperature 273,15 K).

After taking the material out of the bags, the nylon bags were placed in ice water to stop microbial 
metabolic activity. Then the nylon bags were placed in a washing machine (Bomann) and washed in 
a cold water program for 30 minutes, subsequently dried in a drying cabinet (UF 750, Memmert) 
at 65 °C through to weight constancy. After backweighing, the remaining fermented material was 
ground via an ultracentrifuge mill (ZM 200, Retsch, mesh size 1mm). Content constituents were ana-
lysed as sugar (VDLUFA B III 7.1.1), ADF (VDLUFA B III 6.1.1), NDF (VDLUFA B III 6.1.1), crude fibre 
(VDLUFA B III 6.1.1), hemicellulose and crude protein (VDLUFA B III 4.1.1) with each measurement 
duplicated. Calculation of biogas and methane yield was determined according to vdi 4630 (VDI 
2004). With drying of silages, fermentation acids and alcohols are volatile. Because of this, dry matter 
contents have to be corrected. Hereto, the volatile organic acids were determined by High Pressure 
Liquid Chromatography (HPLC Smartline, Knauer Wissenschaftliche Geräte GmbH) and these ap-
plied in the corrected formula for grass silages according to weiSSBach and StruBelt (2008). As HPLC 
column, an Aminex HPX-87 column 300 x 7.8 mm (BIO-RAD) is used. Pack material in this column 
is a sulphonated divinyl-benzine-styrine-copolymer. The HPLC fluxing agent is 0.02n sulphuric acid. 
The flow rate, at pressures between 70 and 90 bar and temperature of 30°C, 0.6 ml/min. Applied as 
UV detector is a Smartline UV Detector 2500, as IRR detector a Smartline RI Detector2300 and as 
liquid pump a Smartline Pump 1000 (all Knauer Wissenschaftliche Geräte GmbH). Fermentation 
acid content was calculated as mean value from UV and RI detectors. Only sugars and alcohols were 
detected by the IR detector.
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Results
The chemical composition of the respective silages for the in-sacco-batch trial is presented in (table 1). 
The silage is sampled using the In-Batch method without milling or drying, so that the procedure is 
as comparable as possible to that carried out with substrates in practice. 

Table 1: Content of raw nutrients and fibre substances of grass silage (mean ± standard deviation of three replicates 

Parameter Unit
Cutting time 1

(CT 1)
Cutting time 2

(CT 2)
Cutting time3

(CT 3)
Cutting time 4

(CT 4)

11.05.2011 15.06.2011 02.08.2011 28.09.2011

DMc content1) %-FM 27.02 ± 0.32 35.61 ± 0.53 47.92 ± 0.62 54.30 ± 0.26

Crude ash %-DMc 6.07 ± 0.02 7.66 ± 0.10 7.77 ± 0.09 8.57 ± 0.20

Crude protein %-DMc 11.92 ± 0.29 10.64 ± 0.12 9.97 ± 0.13 9.40 ± 0.08 

Sugar %-DMc 10.23 ± 0.39 9.77 ± 0.58 9.61 ± 0.42 10.11 ± 0.94

Crude lipid %-DMc 2.54 ± 0.82 3.06 ± 0.06 3.13 ± 0.05 3.60 ± 0.03

Crude fibre %-DMc 20.46 ± 0.15 24.34 ± 0.42 24.51 ± 0.33 26.37 ± 0.31

ADF %-DMc 25.70 ± 0.38 27.80 ± 0.68 28.41 ± 0.28 29.78 ± 0.28

NDF %-DMc 50.38 ± 0.82 48.20 ± 0.38 50.75 ± 0.34 51.48 ± 0.49

Hemicellulose2) %-DMc 24.68 20.40 22.34 21.70 

Lactic acid %-FM 1.71 ± 0.08 1.82 ± 0.12 1.86 ± 0.10 0.90 ± 0.17

Acetic acid %-FM 0.57 ± 0.02 0.65 ± 0.03 0.83 ± 0.28 0.50 ± 0.07

Ethanol %-FM 0.11 ± 0.02 0.08 ± 0.07 0.14 ± 0.01 0.10 ± 0.04

pH-Wert 3.84 ± 0.01 4.04 ± 0.01 4.33 ± 0.10 4.81 ± 0.12

1) DMc = corrected dry matter content
2) Calculated as difference.

As with Table 1, the dry matter content increased through wilting from cutting date 1 through to 
cutting date 4 from 27.02 to 54.30 % FM. The wilting result reflects practical conditions and is aimed 
at minimising the production of fermentation liquid containing readily available carbohydrates. The 
sugar content decreased from 10.23 % DMc at cutting date 1 to 10.11 % DMc at cutting date 4. Cut-
ting date 2, with a sugar content of 9.77 % DMc, just as did cutting date 3 with sugar content 9.61 % 
DMc, showed a lower sugar content compared with those of the silages from cutting dates 1 and 4. 
The structural materials, brought together analytically within the parameter NDF, rose from 50.38 
to 51.48 % DMc, whereby the silages from the second cut returned an NDF content of 48.20 % DMc. 
The ADF content reflecting the lignocellulose fraction rose from 25.70 to 29.78 % DMc. To be expected 
from such results is also a reduction in digestibility within the anaerobic process in sequence with 
cutting dates. Because cutting dates 2 to 4 represent regrowth after harvest, the contents show only 
limited differences in composition. The fermentation acid contents shown in table 1 represent those 
found in practice. The fermentation acids and alcohols are lost during drying for the subsequent anal-
ysis and have to be adjusted for in the dry matter corrections (weiSSBach and StruBelt 2008). 

In Figure 2 the degree of dry matter degradation in the biogas process is presented in relationship 
to incubation time and cutting date. High degradation rates are already achieved in the first four days 
of incubation. These are explained through conversion of readily available carbohydrates, including 
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sugars. Further growth is reduced in extent and occurs more slowly. After 42 days, maximum deg-
radation degree of 95.09 % is achieved with cut 1 (see Table 2). With the subsequent cuts, degree of 
degradation reduces within the same period of incubation. After 42 days, degradation degree for cut 
4 is only 85.46 %, converting 9.63 % less dry matter than cut 1. This trend is also expressed in biogas 
yield which reduces from 571 to 522 l kg-1DM. 

In Figure 3 the degree of lignocellulose (as ADF) degradation is shown. With increasing incubation 
time, the degree of degradation increases after 42 days to a maximum 90.67 % with cut 1 material. In 
comparison, subsequent cuts achieve lesser degrees of ADF degradation between 81.27 and 83.96 %, 
thus differing only slightly. The greater difference in degradation rate between cut 1 and subsequent 
cuts can be attributed to the reduced ADF content of these silages compared with the material from 
cut 1 (Table 1). 

Figure 2: Content of raw nutrients and fibre substances of grass silage (mean ± standard deviation of three replicates
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Figures 3: ADF decomposition in relation to incubation period and cutting time (mean ± standard deviation of three 
replicates)
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In Figure 4 is presented the degree of dry matter degradation and methane yield of the silages 
from the different cuts with an incubation time of 42 days. The methane yield from the first cut is 
291 l kg-1DM. The methane yields from cuts 2 to 4 are shown as 19, 3 and 25 l kg-1 DM less than 
from cut 1 (Figure 4). Despite the reduced dry matter degradation of 7.21 and 2.38 % by cut 3 com-
pared to cuts 1 and 2, the methane yield is, with 288 l kg-1 DM, higher than that from cut 2 with a 
methane yield of 272 l kg-1 DM and a dry matter degradation degree of 90.26 %. The cut 4 substrate, 
at 85.46 %, shows the least degree of dry matter degradation. This is also reflected in the reduced 
methane yield of 266 l kg-1DM. The content of structural substances is highest with this cut and 
influences the dry matter degradation and, with that, the methane yield of this silage.

Table 2 presents the degree of degradation of the structural substances and lignocellulose after a 
period of 42 days in the biogas process in relation to the cut the material comes from. It shows clearly 
that the digestibility of all fractions reduces with the subsequent regrowths. The biggest differences 
in the degrees of degradation are to be seen in cut 1 compared with subsequent cuts. Cut 1, with a 
dry matter degree of degradation of 95.09 %, achieves a biogas yield of 571 l kg-1 DM. The dry matter 
degree of degradation of cut 2 is less than cut 1 by an absolute 4.83 %. The biogas yield is 8.24 % less 
than that from cut 1. Cut 3 has, in comparison to cut 2, a 2.38 % absolute lesser degree of dry matter 
degradation. The biogas yield is 553 l kg-1 DM and is 29 l kg-1 DM higher than that from cut 2. The 
reason for this can be the differing chemical compositions of the silages (Table 1). 

Figure 4: Dry matter decomposition and methan yield after 42 days of incubation in relation to cutting time
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Table 2: Anaerobic degradation of lignocellulose und fibre components as well as biogas yield and methan yield of 
grass silage in relation to cutting time (mean ± standard deviation of three replicates)

Parameter Unit Cutting time 1
(CT 1)

Cutting time 2
 (CT 2)

Cutting time 3
(CT 3)

Cutting time 4
(CT 4) F-Value

DM degradation % 95.09a ± 0.14 90.26 ± 0.62 87.88 ± 0.73 85.46 ± 0.73 138.92**

ADF degradation % 90.67a ± 0.21 83.96 b ± 0.55 83.38b ± 0.89 81.27b ± 1.00 92.55**

NDF degradation % 91.72 ± 0.28 85.06 ± 0.85 84.01 ± 0.86 82.69 ± 0.87 84.58**

Hemicellulose  
degradation1) % 93.23 ± 0.51 86.77 ± 1.75 84.72 ± 0.83 84.44 ± 0.76 44.10**

Biogaspotential l kg-1 DMc 571 ± 2.15 524 ± 5.23 553 ± 3.47 522 ± 4.98 5.82***

Methanpotential l kg-1 DMc 291 ± 1.27 272 ± 3.98 288 ± 2.52 266 ± 2.68 5.54*

1) Calculated as difference, *p<0,05. **p<0,01: Comment: Values with different suspended letters (a,b) are significantly different at the 5%-level.

The results of the single factor variance analysis (Anova, Microsoft Excel) with a significance level 
of 0.05 and 0.01 are also presented in table 2. The cut number has a significant effect (F (3.8) = 92.55, 
p < 0.01) on the degree of degradation of ADF on incubation day 42, as well as a significant influence 
on the degree of degradation of the dry matter (F (3.8) = 138.92, p < 0.01) and of NDF (F (3.8) = 84.58, 
p > 0.01) on incubation day 42. With the later cuts, there is a significant reduction in the degree of 
degradation of DM, ADF and NDF. The time of cut has also a significant influence on biogas yield (F 
(2.9) = 0.63, p < 0.05) and methane yield (F (2.9) = 0.66, p < 0.05) on incubation day 42. The ADF 
degree of degradation from cuts 2 to 4 is significantly higher than the ADF degree of degradation of 
cut 1, although ADF content in the cut 1 silage is less than that from cuts 2 to 4. Although NDF con-
tent in the starting material does not differ greatly, the NDF degree of degradation after 42 days of 
incubation in cut 4 silage is 9.03 % less than that of cut 1 silage. A reason for this could be the crude 
fibre content, including lignin, which differs by 5.91 %. 

The anaerobic degradation of grass silage in the biogas process is influenced by degree of maturity 
and vegetative phase of the biomass at harvest. The further the degree of maturity has progressed, 
the slower the substrate is able to be utilised in the biogas process. The degradation degree of DM 
correlates very negatively (correlation number K = 0.98) with the DM content of the silage. The NDF 
content of the original material correlates slightly negatively (correlation number K = 0.14) with the 
degree of NDF degradation. Whereas the ADF content of the original material correlates very nega-
tively (correlation number K = 0.97) with the ADF degree of degradation.

Köllmeier et al. (2012) found a relationship between pH value and temperature. The higher the 
pH and the lower the temperature, the higher the resultant degree of degradation. In contrast to the 
trials reported here, the original material (a mix of straw and hay) was milled to 4 mm length. The 
degree of degradation hereby related only to the hydrolysis phase and therefore lay within a range 
of < 34 %. The trial reported here observes an incubation period of 42 days and is therefore able to 
show a substantially higher degree of degradation. Furthermore, Köllmeier et al. (2012) demonstrated 
a higher cellulose degradation degree with increasing pH values. The batch trials evaluated in this 
work were carried out within a pH range from 7.3 to 7.6. Conclusions regarding influence of pH on 
degradation degree could not be demonstrated. Because in practice there are few renewable energy 
biogas production plants where separation of hydrolysis from methane production is implemented 
structurally and technologically, these trials concentrated on a single-stage process. The results from 
PerčuliJa et al. (2012) show that, with increasing maturity, the degree of dry matter degradation falls. 
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In the trials reported here, this is also demonstrated for different incubation periods. Thereby, the 
anaerobic degradation of crop biomass is dependent on the degree of maturity of the plants and can 
be influenced by a targeted time of harvest. marín-PéreZ et al. (2011) could determine in batch trials 
that higher degradation rates are achieved, the higher the pH value and the lower the temperature in 
the trials. Investigated here was the hydrolysis phase. A result giving degradation rates in the total 
process was not achieved. Because a pH value dependency and a temperature influence were not ob-
served in the trial reported here, although degradation rates on incubation day are available, a direct 
comparison is possible only to a limited extent. 

Conclusions
With the methods described for investigating degree of degradation of structural substances and the 
lignocellulose fraction of grass silages in the biogas process, it is possible to examine silages that 
come from commercial farms without beforehand having to subject the material to preparation such 
as drying or milling. The wilting of harvested substrate prevents production of fermentation efflu-
ent which, because of its high content of readily available carbohydrates, represents a loss source, 
reflecting the situation in practice. In order to be able to better compare the results of the degrees of 
degradation of the different parameters, starting material should be wilted to a uniform dry matter 
content in subsequent investigations. Especially in the summer months, rising temperatures in the 
fermenters are repeatedly observed in agricultural biogas plants. Should this have an influence on 
degree of degradability, this could be demonstrated by the in-sacco-batch method.

The study reported here shows that the in-sacco-batch method is suitable for characterisation of 
energy crop plants with regard to degradation of the lignocellulose fraction and structural substanc-
es. It also demonstrates that estimates of biogas potential, whilst delivering a statement on expected 
yield, leave unconsidered the degree of material exploitation involved. It may be assumed that use 
of ensiling additives to optimise the biogas production process can influence the degree of silage ex-
ploitation. Additionally, the In- Sacco-Batch method is an instrument for demonstrating the efficiency 
of additives as already demonstrated by demmig et al. (2011) in earlier studies. Moreover, the trials 
show that the yield of biogas, as well as the amount of structural substance and lignocellulose degra-
dation, is dependent on the cutting/harvesting time. The in-sacco-batch method is, in comparison to a 
biogas potential investigation, substantially more complex. As basic research into the biogas process, 
such investigation methods should not be disregarded on cost grounds. The efficiency of a process can 
only be qualified and quantified through precise investigations.
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