
 Pre-processing of manure and organic waste for energy production 

  

EFFECTS OF ANTIBIOTIC RESIDUES IN 

FERMENTATION SUBSTRATES ON BIOGAS YIELD 
 

Bauer A.
1
, Leonhartsberger C.

1
, Amon T.

1
, Klocke M.

2
, Bergmann I.

2
, Mundt K.

2
, Winckler 

3
 

1 University of Natural Resources and Applied Life Sciences, Division of Agricultural Engineering,  

Peter-Jordan-Strasse 82, A-1190 Vienna, Austria. Tel: +43 1 47654 3500; alexander.bauer@boku.ac.at 
2 Leibniz Institute for Agricultural Engineering Potsdam-Bornim, Department of Bioengineering,  

Max-Eyth-Allee 100, 14469 Potsdam, Germany. 
3 University of Natural Resources and Applied Life Sciences, Division of Livestock Sciences,  

Gregor-Mendel-Str. 32, A-1190 Vienna, Austria. 

 

 

1 INTRODUCTION  

Over the last few years, the interest in bioenergy production has increased significantly. A number of different 

technologies and processes are used to recycle organic substances and one of them is biogas production. Biogas 

production is a technology that can make efficient use of diverse organic substances despite high water content. 

Animal excrements are especially flexible and are therefore a preferred substrate for biogas production. Livestock 

husbandry involves the use of a lot of veterinary drugs, especially antibiotics.  

Antibiotics are substances used for chemotherapy treatment of infectious diseases. In agricultural 

livestock husbandry, antibiotics are not just used for the treatment of diseases but also for disease prevention. 

Antibiotics are natural metabolites of microorganisms (molds, bacteria) or synthetically derived copies of them. 

They act on pathogenic bacteria, either by killing them (bactericidal) or by inhibiting their growth (bacteriostatic). 

Because of the characteristics of antibiotics, it can be expected that their presence will have an inhibitory effect on 

biogas processes.  

This research project “Stercus Terra” investigated the effects of different concentrations of two antibiotics 

(chlortetracycline and enrofloxacin) on the biogas process. Concentrations between 40 and 8,000 mg per dry matter 

pig slurry were analyzed in continuous fermentation tests run according to VDI 4630 guidelines. Parameters like 

specific biogas and methane yield, H2- and H2S-concentration were evaluated daily. In this paper, the results of an 

antibiotic concentration of 400 mg kg-1 DM are presented.  

  

2 MATERIALS AND METHODS 

Continuous tests, run according to VDI guideline 4630, were used to evaluate the effect of antibiotics (enrofloxacin 

and chlortetracycline) on the specific biogas and methane concentrations. In contrast to a batch fermenter system, 

the type of system used in these experiments requires that the fermenter be fed once daily with a fixed substrate 

quantity and that fermentation residue be extracted with the help of a pipetting system developed for this purpose. 

The fermenter, set to a temperature of 37.5°C (fermentation temperature), is equipped with a magnetic mixer, which 

stirs the fermenter content every 30 minutes for a period of 10 minutes.  

The biogas and methane yield was monitored on a daily basis. Biogas and methane production is 

measured in norm liters (273 K and 1,013 mbar) per m³ digester volume (lN m³). At the beginning of the test run 

(December '08), every lab fermenter was fed with 1,000 ml IM (inoculum).  

The inoculum consisted of a mixture of 1 part active material (= fermenter content of the biogas plants 

Gaspoltshofen and Mureck) and 2 parts pig slurry (based on the fresh matter). The initial phase without addition of 

active ingredients (41 days) was used to help the microorganisms get acclimatized to the pig slurry. In 
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TABLE 1 the requirements for the experiment are summarized. Each variant was repeated three times.  
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TABLE 1  Summary of the general requirements for the experiments  

  data 

beginning of test  03. Dec. 2008 

Measuring period   12. – 20. Jan. 2009 

pig slurry   

Dry matter % Fresh matter 4.73 

Daily feeding  g Fresh matter 10.0 

 

The active ingredients were added daily during the measuring phase. Their concentration was based on 

the dry mass content. Before adding the active ingredients, the dry substance quantity in each fermenter was 

measured so that potential deviations in the dry matter content could be taken into consideration. Then, the active 

ingredients were added to each fermenter by dissolving them in deionised water (taking into account their solubility 

as stated by the manufacturer) and then feeding them in liquid form.  

The ingredient composition of big manure was determined by analyzing dry matter (DM) and raw ash 

(XA). Elemental analyses for all samples were carried out with the Elemental Analyzer of Perkin-Elmer in an EA 

1108 CHNS-O apparatus, Carlo Erba Instruments. All analyses were performed by the Microanalytical Laboratory 

of the University of Vienna according to standard procedures (Theiner, 2008). 

Hydraulic retention time defines the average time a substrate spends in a digester. This time (specified in 

days) is calculated by taking the ratio of total digester volume to volume of fresh substrate introduced daily. The 

retention time is controlled to ensure that the secondary digester does not lose more bacteria than the initial digester 

can regenerate. The bacteria regeneration concentration depends on the digester volume, the existing and supplied 

bacteria concentration, and their growth parameters. Since it takes several days to generate methanogenic 

microorganisms, short retention times (i.e., shorter than the generation time) lead to a loss of microorganisms and a 

decreasing degree of degradation (Grepmeier, 2002). Volume load is another characteristic fermentation property. It 

specifies the daily supply quantity of substrate per unit volume of the digester. Volume load is based on the substrate 

concentration and the retention time. The specific methane yield depends primarily on the type and composition of 

feedstock and on processing conditions in the digester.  

The statistics program SPSS (version 15) was used for statistical analysis of the study results. A multiple 

means comparison according to the Tukey method was used to check for statistically significant differences in the 

biogas and methane yield (per m³ fermenter volume). 

  

3 RESULTS AND DISCUSSION  

TABLE 2 lists the process-specific indicators. The mean value for daily feeding in the experiment was 10.14 g fresh 

matter/m³ fermenter volume. There was no significant difference between individual variants fed to the fermenters 

in the two test runs so that an influence of feeding on the daily gas production can be ruled out. The feeding 

quantities lead to a daily volume load of 0.5 kg VS/m³ fermenter volume for a retention time of 98.6 days. 

According to Hopfner-Sixt (2007), the retention time in Austrian biogas plants lies between 60 and 120 days, 

although in 18 % of the plants the retention time is more than 180 days.  

 

TABLE 2  Process parameters of the lab tests  

Process parameters Unit Experiment 

Feeding per day  g FM 10.14 

Volume load kg VS m-3 d-1
 0.47 

Hydraulic retention time d 98.6 

 

 
The dry matter content in the lab fermenters was between 4.3 and 4.9 % (based on the fresh matter).  

Fluctuations in dry matter content were accounted when adding antibiotics to the mix.  
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TABLE 3 shows the biogas and methane production of the tested variants in the experiment. When 400 

mg chlortetracycline kg-1 DM was added, the biogas yield decreased from 0.19 lN to 0.14 lN m-3 fermenter volume d-

1.  

The difference in biogas yield was statistically significant. The addition of enrofloxacin as active 

ingredient showed similar results. Biogas yield decreased from 0.18 lN to 0.15 lN. The difference in biogas yield was 

not statistically significant. A similar trend can be seen in the daily methane production. When chlortetracycline was 

added, methane yield decreased from 0.12 lN to 0.08 lN. The difference in biogas yield was statistically significant. 

When enrofloxacin was added, methane yield decreased from 0.11 lN to 0.09 lN. 

 

TABLE 3  Statistical evaluation of biogas and methane production of the tested variants in test 1 

Parameter Variant Significance Antibiotic 

concentration 
x̄ [lN] SD n Statistics 

Biogas        

 Chlortetracyclin 0.000 0 mg kg-1 DM  0.19 0.033 15 a 

   400 mg kg-1 DM 0.14 0.020 15 b 

 Enrofloxacin 0.000 0 mg kg-1 DM  0.18 0.048 15 a 

   400 mg kg-1 DM 0.15 0.039 15 a 

Methane        

 Chlortetracyclin 0.000 0 mg kg-1 DM  0.12 0.021 15 a 

   400 mg kg-1 DM 0.08 0.012 15 b 

 Enrofloxacin 0.000 0 mg kg-1 DM  0.11 0.031 15 a 

   400 mg kg-1 DM 0.09 0.024 15 a 

 

The theoretical biogas yield that was calculated from the elementary composition of the substrate 

according to Boyle (1976) was within the range of 913 - 979 lN kg-1 VS biogas. Theoretical methane yield was in the 

range of 480 to 535 lN kg-1 VS. When no antibiotics were added, 71.5 % of the theoretically possible biogas yield 

and 86 % of the theoretically possible methane yield were achieved. Once antibiotics were added, the actual yield 

was lowered to 49 - 61 % of the potential. It can therefore be concluded that the two tested antibiotics exert a very 

strong influence on the degree of degradation of pig slurry.  

Arikan et al. (2006) used cattle slurry treated with oxytetracycline for their experiments. The initial 

oxytetracycline concentration was approx. 10 mg L-1 (at about 5 % dry mass content, this amount corresponds to a 

concentration of 200 mg kg-1 DM). During this experiment, a cumulative reduction of methane gas of 27 % over a 

period of 64 days was detected as compared to the use of slurry without antibiotics.  

 

4 CONCLUSIONS 

Animal manures are an important substrate for biogas production. So far, the effects of antibiotics and medicinal 

products on biogas production are not very well investigated. Results from this research project show that antibiotics 

have a strong effect on the specific biogas yield. A reduction on the biogas and methane yield and therefore a 

reduction of the economics results on practical biogas plants can be expected. Therefore it is necessary to keep the 

antibiotics utilization on animal husbandry on a low level, if the manure is used as substrate for the biogas 

production. 

Further investigates are necessary to analyze the effects from other antibiotic and medicinal product as 

well as disinfectant on the specific biogas production. Furthermore, no information on the effects of these substances 

on the microorganism and their ability to adapt are investigated.  
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