
Viscosity measurements were conducted in batch experiments as well as

continuous anaerobic fermentation tests. Agitator torque (M) was recorded in

CSTRs and calibrated by external measurements with an impeller

viscosimeter.

Enzyme supplementation in continuously fed biogas reactors (Fig. 3) had no

observable long-term effect on impeller torque or viscosity. However,

anaerobic digestion of carboxymethyl cellulose (CMC) supplemented with

enzyme preparations showed decreasing viscosity alongside an increase in

biogas formation (Fig. 4). Initial effects of enzyme supplementation were also

detected by analysis of the particle size distribution in batch experiments.

Effects of Lignocellulolytic Enzyme Preparations on 
Anaerobic Digestion: A Multi-Method Approach

Batch Experiments
Lignocellulolytic enzyme preparations generated from by-products of edible

Lentinula edodes cultivations as well as novel and commercially available

industrial enzymes were analyzed in terms of lignocellulolytic enzyme activities

and effects on digestion of wheat straw in mesophilic batch fermentation.

Increases in biogas and methane yield of up to 7.9% (Tab. 1) and 7.4%,

respectively, were observed. Cellulase activity appeared to have the greatest

impact on anaerobic digestion of wheat straw.

Conclusions
This study presents a systematic investigation on the effect of enzyme

preparations on the anaerobic digestion of defined reference compounds as

well as complex lignocellulosic substrates. Several effects, such as an increase of

methane yields or a decrease of viscosity were observed. In contrast to the

outcome of the utilization of polysaccharide-cleaving enzymes, supplementation

of laccase led to contradictory results.

While distinct enzyme-related effects were observed in batch experiments,

enzyme applications in the continuously fed biogas reactors yielded ambiguous

results. This might be due to a rapid degradation of the supplementary enzymes

as observed by mass spectrometry of samples from incubation experiments. In

addition, intrinsic process variations occurring in continuous experiments

impeded the analysis of possible enzyme-related effects.

Investigation of Lignin Degradation
Effects of enzyme preparations on

the anaerobic digestion of lignin-

containing substrate mixtures were

investigated in batch experiments.

Kraft lignin and microcrystalline

cellulose (MCC) were enzymatically

treated and supplemented to batch

reactors.

Applications of laccase (Fig. 1) or an

enzyme preparation from by-

products of Lentinula edodes led to an

increase of methane yield of ca. 4%.

However, direct supplementation of

enzyme preparations led to a

decrease in both, biogas and

methane formation.

Continuously Fed Biogas Reactors Rheology Analysis

Background
The application of enzyme preparations in anaerobic digestion has become a

widely used strategy to support the biogas production from renewable raw

materials. Furthermore, supplementation of enzymes may promote the use of

lignocellulose-rich feedstocks, currently under-exploited in biogas production.

Recent studies reported an increase in methane yield of up to 15% in batch

experiments utilizing enzyme preparations generated from by-products of

edible white-rot fungi cultivation [1]. However, current literature on the subject is

still characterized by contradictory results. Evaluation of the practical use of

enzyme preparations in biogas plants is hindered by a lack of experimental data

on continuously operated processes. In particular, effects of enzyme application

in large-scale biogas plants, such as the reduction of viscosity in fermentation

media [2], are rarely published.

The present work investigated the effects of enzyme applications on anaerobic

digestion in batch experiments and continuously fed biogas reactors at

laboratory-scale. Commercially available enzyme preparations were applied

alongside several novel enzyme preparations on various feedstocks.

Tab. 1: Activities of enzyme preparations and corresponding biogas yields (YB) from anaerobic digestion of
enzymatically treated wheat straw (WS). Enzyme preparations (5 mg g-1 organic dry mass) and WS were
incubated at 38 °C for 72 h prior to the start of 30 d batch fermentations. Enzyme preparations were
replenished periodically after 7 and 14 d. YB,Ref. = 354 ± 8 ml g-1. Data expressed as mean ± SD. ND = not
detected.

Fig. 2: CSTRs including on-line
monitoring of pH, temperature,
volumetric biogas formation,
impeller torque and weight of
reactor content.
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Enzyme preparation
novel, based on by-

products

commercially 

available

novel, industrial 

production

Cellulase activity [U ml-1] 63 ± 4 1285 ± 4 1429 ± 35

Xylanase activity [U ml-1] 260 ± 1 1888 ± 57 530 ± 18

Laccase activity [U ml-1] 5 ± 1 ND ND

YB [ml g-1] 367 ± 11 372 ± 1 382 ± 1

YB increase [%] 3.7 5.1 7.9
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Fig. 1: Methane formation in mesophilic anaerobic
digestion of mixtures of kraft lignin and MCC (2:1) in
batch experiments. Substrate was incubated with
either laccase from Trametes versicolor (3.5 mg g-1

organic dry mass) (green) or water (blue) for 72 h at
38 °C prior to the experiment. Data expressed as
mean ± SD (shaded area); n = 3.

Fig. 3: Daily methane formation (moving average, window size = 7) and organic loading rate (OLR) in
continuously fed anaerobic digestion of whole-crop cereal silage in CSTRs. Reactors EP.1 and EP.2 were
treated with different enzyme preparations during phases I (novel, based on by-products), II (commercially
available), and III (novel, industrial production), while Co.1 and Co.2 were operated as control reactors. No
enzyme preparations were applied during start-up phases I and II or during the reference phase.

Fig. 4: Relative torque change (ΔM, left) and biogas formation (V, right) as a function of enzyme preparation
addition to mesophilic biogas reactors (Fig. 2) supplemented with 0.5% carboxymethyl cellulose (CMC).
Reactors treated with enzyme preparation (green) and reference reactors (blue) were operated. The torque
before CMC addition (t=0) corresponds to 0%. Enzyme preparation (novel, industrial production) was added
at 1.5 h (5 g kg-1 CMC) (dashed vertical line). Data expressed as mean ± SD (shaded area); n = 2.

Anaerobic digestion in continuously fed biogas

reactors was investigated in presence of daily

supplementation of different enzyme preparations

or enzymatically treated substrates. Continuously

stirred tank reactors (CSTRs, Fig. 2) were operated

for one year at mesophilic conditions and supply of

whole-crop cereal silage (Fig. 3) or maize silage

(organic loading rate 3.5 g ODM L-1 d-1). Effects on

biogas formation were observed, albeit only for

short periods after enzyme addition. No long-term

increase in methane yield or decrease in viscosity

was recorded.


