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Significance of aerobic deterioration of 
silages and silage based mixed rations

❙ Silage losses in the feedout phase: ↑ up to 20 % of DM 
(and more)

❙ Affects:

❙ Hygienic quality

❙ Energy value

❙ Protein quality

❙ Nutritive value

❙ Palatability

❙ Waste of resources, economic loss
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Microbial development upon exposure to air

❙ „Classical“ process:

Yeast infestation at ↓pH and air ingress     Stepwise outgrown by mould 
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Metabolization of nutrients

Carbohydrate: 
Glucose

+ 6 O2 6 CO2 + 6 H2O + ATP

Cellular respiration

Peptides
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DecarboxylationDeamination
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(oxoacid)
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compounds
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Metabolic end products

CO2

Heat
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Heat development

1. Various biochemical pathways: cell respiration, alternative oxidase, …

2. Thermodynamics:

 Specific heat capacity (c): 

 Depends on substance (e.g. water ↑)

 Varies with temperature, different for each state of matter (e.g. ice < liquid water)

 Phase transition (e.g. melting/boiling): undefined specific heat capacity (heat changes the state instead of 
temperature)

 Thermal conductivity (k): physical property of the material (e.g. metals ↑, styrofoam ↓)

Temperature increase:

Up to now the only indicator commonly used to describe aerobic 

instability.

Which factors do influence the measured temperature?

Is the time to + 1/2/3 K a comparable absolute value?

Is it  sufficient to describe the onset & extent of aerobic changes?
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Heat transfer – Sources of heat losses

❙ Thermal conduction (Q): diffusion of heat within the silage and towards the silo wall

❙ Convection: mass transport in the flowing gas (!) 

❙ Radiation  emitted from the silage surface

https://img.machinedesign.com/
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Indicators of aerobic changes

❙ CO2 production

❙ (Condensed) water

❙ Temperature increase

❙ Increase in pH

❙ Appearance of yeasts and moulds

❙ Further sensory changes
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Experimental setup – implemented at 5 locations/institutions in Germany
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Temperature increase – Example of fresh TMR without or with stabilizer
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❙ Evaluated after 72 h of 
incubation at 25 °C

Temperature – Example of fresh TMR treated with increasing concentrations of propionic acid
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Condensed water
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Humidity score  and pH increase 
– Example of fresh TMR treated with increasing concentrations of propionic acid

❙ Evaluated after 72 h of 
incubation at 25 °C
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Appearance of yeasts and moulds
Points Yeasts Moulds

0.0 None visible None visible

0.5 Traces of yeasts A very small area of mould

1.0 Yeasts ~10% -------

1.5 More yeasts Some small mould colonies

2.0 Yeasts continuously present -------

2.5 Yeasts continuously present More mould colonies

3.0 Heavy presence of yeasts Mould mycelium in every part

4.0 Completely deteriorated                Completely deteriorated

According to PAHLOW, 1997
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Yeast score
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Mould score
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Yeasts Moulds
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Evaluation of the effect of stabilizer concentration on aerobic changes –    
two examples of TMR

0

1

2

3

4
pH increase

smell/appearance
of yeasts

smell/appearance
of mouldswarming

condensation

„Typical“ example - Control     „Atypical“ example – High PA



20 | 22 July 2025 | siriwan.martens@lfulg.sachsen.de

Observation & measurement of indicators

❙ Part I: Simple laboratory approach: qualitative, semi-quantitative and quantitative assessment

https://lsnq.de/tmraerobicstabilityhttps://lsnq.de/tmraerobicstability

https://lsnq.de/tmraerobicstability
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Controlling and measurement 
at the silo face

sampler: Ø 104 mm

50 cm

20 cm

• Measurement of density and 
DM by core sampling using a 
penetrometer

• Measurement of pH and temperature 

Measurement of DM losses and emitted CO2
is challenging ……… and more simple to do in small scale silos  

Dr. Christian Maack, University of Bonn, c.maack@uni-bonn.de
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Technical setup in small scale silos

❙ Simulation of an open silo face of different density using a 60 L barrel

❙ Automated measurement of CO2 outflux and O2 in the silage

❙ Temperature near the surface and in deeper layers

• High density leads to lower 
CO2 outflow at the surface 
of the barrel

• Air stress at day 28 and 40 
lead to shorter aerobic 
stability rising CO2 
emissions  

Dr. Christian Maack, University of Bonn, c.maack@uni-bonn.de

(G. Shan et al. 2021)
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Technical setup in small scale silos

❙ Simulation of an open silo face of different density using a 60l barrel

❙ Automated measurement of CO2 outflux and O2 in the silage

❙ Temperature near the surface and in deeper layers

Time courses of CO2 flux measured at the working faces of the air-exposed 
and intact mini-silos without air stress packed a) at LD and b) HD. The 

arrows and labels denote the aerobic stability of the silage samples that was 
defined as the time (h) required for Tsi (15-cm or 30-cm) to reach 2 °C 

above ambient

• Hi density lead to lower 
CO2 Outflow at the 
surface of the barrel

• Air stress at day 28 and 
40 lead to shorter 
aerobic stability rising 
CO2 emissions  

Dr. Christian Maack, University of Bonn, c.maack@uni-bonn.de

(Y. Sun 2025)

See Poster #41
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Test set up with complete gas control

• Collection of fermentation gases in bags

• Analysis of samples in glass vials

• Controlled ventilation during aerobic storage

• 2 L/h (1.5 L glass jar)

• Sampling the outflow in glass vials 

• Recording the sample temperature inside the 

thermal insulation

Dr. Christian Maack, University of Bonn, c.maack@uni-bonn.de See Poster #161
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CO2 concentration in outflow during aerobic storage with controlled air flow 

• Reheating of CON starts after 2 days

• Samples with heteroferm. LAB additive are 
stable over 14 days

• CO2 in outflow rises up to 25% in CON

• Dry matter loss of LAB treatment   < 1 %

• Total losses can be calculated by CO2 sum

heteroferm. LABCON

Air stop
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Dr. Christian Maack, University of Bonn, c.maack@uni-bonn.de
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Fermentation and ASTA test in 30 L barrel

• Harvest crop (corn 42% DM) filled at low 
compaction

• Airtight cover with connected gas bag (25 L)
• Gas sampling on top

• Temperature sensor inside the silage
• Treatments:

• CON: untreated control
• BIO:

• 106 cfu (g FM)-1 Lentilactobacillus
buchneri

• 105 cfu (g FM)-1 Lactiplantibacillus
plantarum

• CHE:
• 0.5 g sodium benzoate (kg FM)-1

• 0.3 g potassium sorbate (kg FM)-1
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Dr. Christian Maack, University of Bonn, c.maack@uni-bonn.de

anaerobic aerobic (ASTA)

multi gas analyzer(H. Deeken et al. 2024)
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27

• Main part of gas formation in the first week
• >80% of the gas CO2

• Chemical additive lowers gas formation
• BIO additive leads to 15% more gas and 

CO2

Dr. Christian Maack, University of Bonn, c.maack@uni-bonn.de

CO2 formation during fermentation and aerobic 
stability test of corn silage (42% DM)

(H. Deeken et al. 2024)
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Summary & Conclusion

❙ Aerobic changes in silages  - still a wide field for research

❙ - and an important factor to minimize losses!

❙ Temperature increase (+2 K) has to be complemented by other spoilage indicators such as pH, CO2, 
sensory evaluation!

❙ Different simple and elaborate techn(olog)ical approaches applicable and available!

❙ In practice, losses can be reduced by considering their cause at silage making!

& c.maack@uni-bonn.de
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Thank you for your attention!

→ See Posters 116-121  in 
Session 1 and

the Proceedings

Thanks go to the colleagues 
of the University of Bonn and 

of the DLG Technical 
Comittee for Ensiling Agents.
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