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Welcome Letter 

24-26 July 2018, Bonn, Germany 

Welcome Letter  

 

Distinguished Delegates, Ladies and Gentlemen, Dear Colleagues and Friends, 

It gives me immense pleasure to extend to you all a very warm welcome on behalf of the 
Organising Committee of the XVIII International Silage Conference (XVIII ISC 2018) and to 
say how grateful we are to the members of the International Silage Conference Continuation 
Group who have accepted our invitation to host this conference for the first time in Germany, 
here in Bonn. It is an opportune time to renew and intensify contacts and discuss problems of 
mutual interest with delegates from countries all over the world.  

 

It is gratifying to note that the agenda of the conference covers a wide range of very 
interesting items relating to the science of silage production and utilization. Silage production 
will remain a key part in animal production systems across tropical, subtropical and 
temperate regions. This demands continuing approaches for production of high quality 
silages involving improvements in management practise to minimise losses and maximise 
the preservation of the inherent feeding value of the parent crop. Fermented substrates other 
than silage for ruminants also play a more prominent role nowadays and we are pleased to 
see that this is also reflected in contributions to this conference. No matter how much we can 
do by ourselves on the national level, whether it be research, development or extension, it is 
never enough. In a spirit of true cooperation, we must join in action-oriented efforts to 
address the challenges and solve the problems that beset plant materials between harvest 
and utilisation by animals and people. 

 

Generous sponsorships from many industrial companies have recognized that the XVIII 
ISC 2018 is an important venue to present and discuss scientific and technological progress 
in silage research across the world. Our Organising Committee members are committed to 
provide maximum hospitality. Please feel free to ask questions to committee members. We 
are here to serve you. Enjoy your participation in the XVIII ISC 2018. 

In conclusion, I wish you every success in interchange of ideas and a very pleasant stay 
in Germany. 

 

On behalf of the Organising Committee 

 

 

Karl-Heinz Südekum 
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The future of ensiling: challenges and opportunities  
 

J.M. Wilkinson1, R.E. Muck2 

1School of Biosciences, Sutton Bonington Campus, University of Nottingham, Loughborough, Leics, 
LE12 5RD, UK, j.mike.wilkinson@gmail.com. 
2Retired, US Dairy Forage Research Center, USDA, Agricultural Research Service, Madison, WI 
53706 USA. 

 

Summary   

This paper looks at the challenges and opportunities that lie ahead for ensiling, from crop to feed-out 
from the silo or pile. Challenges are coming from a wide spectrum. Faster harvest rates are making it 
more difficult to achieve target densities in bunker and pile silos. Larger harvest equipment is 
increasing soil compaction and rural road issues. As farm sizes grow, old silos are either overfilled, 
creating safety issues, or temporary piles are placed on bare ground permitting soil contamination. 
Mycotoxins and the development of various pathogens in silages are still a problem. Global warming 
may affect the forage crops grown and crop characteristics as well as rates of silage fermentation and 
aerobic deterioration. In Europe, the future is unclear as to the impact of using silage as an input to 
bio-refineries. Silage analysis is challenged by how to take good samples safely and knowing what 
components truly predict the nutritional value of silage to livestock. 

The future holds many opportunities for both ensiling and silage research. Robotic harvesting will 
release more labour for silo packing, and there are opportunities to develop tools to estimate silage 
density during filling. Total mixed ration (TMR) silages should allow more by-products in rations. The 
opportunity to develop silage additives that either improve silage hygiene or increase nutrient 
availability to livestock appears promising. Prediction of the onset of aerobic deterioration with quick 
tests for lactate-assimilating yeasts or silage temperatures seems possible. Metabolomics and 
metabonomics, in addition to all of the microbiome tools that are in development, put us at the cusp of 
being able to see which microorganisms are active in the silo and rumen and what compounds, 
particularly the minor ones, they are producing. This could lead to all kinds of advances including 
reduced microbial toxins in silage, better silage hygiene and improved utilisation of silages by 
livestock. 

 

Introduction   

Developments in silage conservation technologies in the past five decades, reviewed by Wilkinson 
and Rinne (2017), have led to increased speed of physical and microbiological processes that have 
accompanied the increased size of livestock production units. In the 1960s, forage harvesters 
equipped with flail or flywheel chopping mechanisms were capable of harvesting about 10 tonnes of 
fresh crop per hour (MAFF 1961). Today, self-propelled machines can harvest more than 350 tonnes 
of fresh crop per hour (Marsh 2013) and the limiting factor to the speed of ensiling has moved from 
field to silo or pile.  

A critical control point in the ensiling process occurs at the time of harvest when the subsequent 
fermentation can be influenced by extent of chopping and by addition of chemical and/or biological 
inoculant additives. For example, addition of formic acid reduces crop pH immediately, restricts extent 
of fermentation and reduces risk of undesirable metabolic end-products in silage (Wilson and Wilkins 
1973). Inoculation with lactic acid bacteria (LAB) at levels equal to, or exceeding the indigenous 
population (e.g. 106 colony forming units (cfu)/g fresh crop) accelerates the speed of decrease in crop 
pH in the initial period of ensilage (Pitt and Leibensperger, 1987). Biological inoculation is now the 
predominant technology employed to influence the silage fermentation.  

Meta-analysis of 130 peer-reviewed papers published since 1996 on the effect of inoculation of crops 
with homolactic and facultative heterolactic LAB revealed improved fermentation quality (assessed as 
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Figure 2  Effect of maize silage dry matter and density on dry matter loss during storage in bunker 
silos (Griswold et al., 2010). 

 

 

 

Many silos are too old and too small to meet the needs of the increasing size of livestock units, with 
the result that bunker silos are either over-filled or temporary drive-over piles are made in fields, with 
greater risk of soil contamination during filling and feed-out. Bunker wall strength is challenged when 
silos are packed with heavy equipment and operator safety is put at risk when silos are filled above 
wall height. Lateral hydraulic pressures on bunker silo walls are less with drier crops (>35% DM), than 
with wetter crops due to lower silage fresh weight density (Savoie and Jofriet 2003), but greater 
packing tractor weight is required with drier crops to achieve the target silage density (Holmes and 
Bolsen 2009), putting additional pressure on walls.   

 

Hazards to animal and human health 

Silage fermentation is only partially controlled. Undesirable microorganisms and their toxins can be 
present in silage when it is consumed by the animal due to contamination of the crop pre-harvest, 
during storage and during feed-out. Potential hazards to human, animal and food safety from silage 
have been reviewed by Driehuis (2013) and Driehuis et al. (2018).  The major microbiological hazards 
include Clostridium botulinum, Bacillus cereus, Listeria monocytogenes, Shiga-toxin producing 
Escherichia coli (STEC), Mycobacterium bovis, mycotoxins and pathogenic protozoa such as 
Cryptosporidium parvum.  The challenge for future research is to determine the specific crop and 
ensiling conditions in which pathogenic microorganisms can develop and to link those conditions to 
signs of clinical disease in livestock. In other words, we know these undesirable organisms can be 
identified in silages, we also know about their likely effects on the animal, but do we know when 
livestock are suffering from a specific disease?  For example, the incidence of mycotoxin 
contamination of maize silage can be very high (Cogan et al., 2017) and effects of mycotoxins on 
animal cells and body tissues have been documented (Fink-Gremmels, 2008), but on-farm diagnosis 
of clinical mycotoxicosis is difficult. There is a clear need for novel animal-based diagnostics that are 
non-invasive, rapid and sensitive. 
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additives provided direct means of improving silage hygiene: nitrites to inhibit clostridia and 
propionates, acetates, sorbates and benzoates to inhibit fungi.  

Direct inhibition of clostridia by bacteriocins produced by LAB has been a focus of a number of 
laboratories in the 21st century (Muck et al. 2018). At present, the bacteriocins investigated have not 
been completely satisfactory, either failing to inhibit a wide range of clostridial species or inhibiting 
beneficial LAB. Nevertheless, this is an important area of research.  

Reduction of mycotoxins is another potential opportunity for additives. Good silage management can 
prevent mycotoxin production in the silo, but growing season conditions can result in a crop with high 
levels of mycotoxins at harvest. Are there microorganisms or enzymes that can detoxify mycotoxins 
during silo storage? Could binding agents or other chemicals be applied at ensiling to reduce the 
effects of mycotoxins at feeding? 

There are various opportunities to improve nutrient availability using additives. Enzymes to improve 
fibre digestibility have been the most investigated. However, the cellulase/hemicellulase combinations 
of the 20th century typically broke down fibre that was digestible in the rumen, providing little benefit to 
the cow (Muck et al., 2018) and sometimes increasing effluent production. A new approach was the 
L. buchneri strain that produces ferulic acid esterase, an enzyme capable of breaking ester linkages 
between sugars and ferulic acid in cell walls (Nsereko et al. 2008). These ester linkages in grasses 
are some of the key ones limiting cell wall digestion. While this inoculant approach has had variable 
success (Muck et al. 2018), the concept is important: to hydrolyse ether and ester cell wall bonds in 
the silo that are difficult for rumen microorganisms to attack.  

In ryegrass (Lolium spp.) and lucerne (alfalfa, Medicago sativa), proteolysis, i.e., the breakdown of 
true protein to soluble non-protein N, may limit the efficient utilisation of the N from the silage if the 
total diet does not account for the soluble N in the silage. Tannins found in many legumes or the 
polyphenol oxidase system found in red clover have the potential to be additives for the future to 
reduce proteolysis in ryegrass or lucerne and increase the proportion of N in the diet that goes to milk 
or meat (Muck et al. 2018).  

Starch availability is an issue in maize silage as the starch granules are held in a protein matrix that 
inhibits ruminal starch digestion (Hoffman et al. 2011). This protein matrix slowly breaks down in the 
silo so that the starch becomes more available with increasing time in the silo. Recent studies with 
acidic proteases applied at ensiling look promising for breaking the protein matrix more rapidly and 
increasing starch digestion, but more research is needed (Muck et al. 2018).  

 

Early indicators of aerobic instability  

It would be useful if we could provide producers with a tool that provides a warning that a silage is 
aerobically unstable. Ideally one would like to know if lactate-assimilating yeast counts are above 105 
cfu/g silage, which has traditionally been the sign that a silage is likely to spoil within 24 h. However, 
we know that sending samples to a forage testing laboratory for yeast counts is fraught with issues to 
obtain an accurate assessment. Quick tests for human pathogens have been developed. Is it possible 
to do something similar for yeasts, allowing for immediate on-farm analysis? 

We know that once yeast populations reach approximately 107 cfu/g both silage pH and temperature 
begin to increase. Borreani and Tabacco (2010) in making measurements on the feed-out faces of 
commercial maize bunker silos in Italy found that the difference in temperature 200 mm behind the 
face minus the temperature at 400 mm behind the middle of the face was positively correlated with 
pH, yeast and mould counts. Are their findings valid in countries with cooler and warmer climates? 
Working at the face to probe for temperature is hazardous due to the risk of injury or suffocation if an 
avalanche occurs suddenly. However, would it be possible to develop a safe system to probe for 
temperature at 200 and 400 mm behind the face?  
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5. Silage additives that consistently improve fibre and nutrient availability to livestock compared 
to that of the harvested crop. 

6. Silage additives that reduce or eliminate mycotoxins and other microbial toxins that enter the 
silo on the harvested crop. 

7. Silo and pile covers that can be re-used for many years. 
8. Robotic emptying of bunkers or piles, keeping a smooth face. Through sensors on the device 

it can recognize and divert spoiled silage so that it is not incorporated in the TMR. 

The extent to which these changes are realised will depend on the rate of progress in research and 
development, driven by new environmental legislation and supported by producers in their demands 
for increased efficiency and higher quality silages. There is no doubt, however, that some of the 
changes are occurring right now and that the silage we make in 2050 will be quite different to what we 
make today. 

 

Conclusions   

Increases in efficiency at one stage in the ensiling process can produce challenges at subsequent 
stages. For example, increased speed of harvest can lead to low silage density due to inadequate 
packing.  Improved fermentation quality can reduce aerobic stability. These challenges create 
research opportunities. Progress has been made but we still have some way to go to be confident we 
can provide producers with ensiling systems that meet all their needs fully.  

Automated approaches, especially the application of robotics and artificial intelligence to 
mechanisation offer new opportunities for improving efficiency in ensiling by enabling farm staff to 
concentrate on fine-tuning different stages of ensiling instead of being engaged in repetitive work.  

Plant, microbial and animal responses to external perturbations can be inexplicable by conventional 
methods of analytical investigation, and there is now a great opportunity to apply new molecular 
technologies to solving the challenge of why some silages under-perform.  

Ensiling is such an important global means of preserving crops that it deserves continued, sustained, 
multidisciplinary research to help users realise its full potential. The goal is to achieve greater 
knowledge of the relative importance of the many factors that contribute to low quality silage as well as 
those that contribute to high quality material, with the overall objective of being able to include greater 
levels of top quality silage in diet formulations for high-producing livestock and in feedstocks for biogas 
and bio-refineries. 
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Introduction Lucerne (Medicago sativa L.) is not a common species in northern climates because of 
its poor overwintering. Recently introduced new varieties offer a possibility to use lucerne as an 
alternative silage raw material to grasses. The reason for including lucerne in ration formulation is the 
expected increase both in intake and milk production. Lucerne can also supplement low N content 
forages such as maize or whole-crop silage. The first objective of the experiment was to determine the 
effects of replacing grass silage with lucerne silage on milk production and nutrient utilization of dairy 
cows. The second objective was to study if the inclusion of lucerne can replace protein 
supplementation. An additional objective of this study was to test the overwintering of lucerne in 
Finland. 

Material and Methods  Second cut grass silage and second cut lucerne silage were prepared on 
9 and 16 August 2017, respectively. Lucerne was sown (21 kg/ha) in 2016 as a seed mixture 
containing varieties Live, Nexus and Plato. Grass silage was a mixture of timothy and meadow fescue 
(varieties Nuutti and Inkeri, 20 kg/ha). Both silages were preserved in round bales using a formic-acid-
based additive at 5 l/tn. The treatments were Control (grass silage + rapeseed meal supplement), 
LucerneNormal (grass silage + lucerne silage + rapeseed meal supplement) and LucerneLow (grass 
silage + lucerne silage + lowered rapeseed meal supplement). The lucerne and grass silages were 
mixed in the ration at 40:60 on a dry matter basis. The diets were fed as TMR ad libitum. The 
proportion of rapeseed meal in the concentrate was 20% in Control and LucerneNormal, and 15% in 
LucerneLow. The average concentrate proportion in the diets was 46% on DM basis. The experiment 
was conducted using 48 dairy cows in a change-over design with two periods. The average milk yield 
at the beginning of the experiment was 34.8 kg (SD 7.67 kg) per day and the cows were, on average, 
138 days in milk (SD 83.8).The cows were divided into four blocks according to parity and lactation 
stage. The statistical model included treatment, period and the block as fixed variables and animal as 
a random variable. The differences between LS means were tested using contrasts: Control vs 
lucerne diets and LucerneLow vs LucerneNormal. 

Results and Discussion The lucerne mixture overwintered relatively well. The total lucerne dry 
matter yield was 4200 kg DM/ha which was about half of an average grass silage yield at Luke 
Maaninka experimental farm. The reasons for low yield were the cool weather in summer and the use 
of herbicide (Harmony, tifensulfuron-metyl), which damaged the lucerne vegetation after the first cut. 
The DM yield of lucerne was 30% lower compared with the results reported by Bélanger et al. (2014) 
with two cuts. Taking an additional third cut would increase the yield, but it is not recommendable 
because of risk for overwintering (Bélanger et al. 1999). The energy content of lucerne was low 
(10.0 MJ ME/kg DM) compared with grass (10.6 MJ ME/kg DM), whereas the crude protein content of 
lucerne was high (221 g/kg DM) compared with grass (166 g/kg DM). The average DM intake of 
lucerne diets was on average 15% higher compared to grass silage diet (Table 1). This is in 
agreement with earlier results reported using leguminous plants (Huhtanen et al. 2007). Rapeseed 
meal supplementation has been reported to increase DM intake (Huhtanen et al. 2007) which can be 
seen in a higher DM intake of LucerneNormal compared with LucerneLow, but the effect was not 
statistically significant due to a small difference in rapeseed supplementation between lucerne diets. 
Increased intake with lucerne diets resulted in increased milk yield. Milk protein and fat concentrations 
did not differ between treatments, but milk urea concentration was higher with LucerneNormal 
compared with LucerneLow and Control. High milk urea is linked with increased N excretion in urine 
(Castillo et al. 2000). 
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The DM intake of Control was low taking account the production level of the cows leading to a clearly 
negative energy balance. The moderate fermentation quality of second cut grass silage is one reason 
for this. Maintaining milk yield with a negative energy balance is possible in short term experiments, 
but the expected milk yield in long term might be lower compared to the results in this experiment. The 
inclusion of lucerne silages improved the energy balance close to zero. Thus, the low energy content 
of lucerne was compensated by increased intake.   

Table 1 .The effect of treatments on feed intake, milk production and nutrient utilization. 

 Control LucerneNormal LucerneLow sem1 C12 C23 
Intake, kg DM4/d       
Silage 10.9 12.5 12.3 0.20 <0.001 0.25 
Concentrate 9.0 10.6 10.3 0.16 <0.001 0.09 
Total 19.9 23.1 22.6 0.36 <0.001 0.16 
ME5, MJ 216 247 243 3.5 <0.001 0.18 
Milk, kg/d 29.3 31.3 30.5 0.57 <0.001 0.06 
ECM6, kg/d 32.5 34.9 33.8 0.63 <0.001 0.08 
Nutrient utilization       
ME, MJ/kg ECM 4.59 5.13 5.22 0.106 <0.001 0.46 
kg ECM/kg DM 1.64 1.51 1.49 0.027 <0.001 0.39 
ME balance, MJ/d -19 -2 -0.4 3.4 <0.001 0.65 
Milk N/N intake 0.322 0.285 0.279 0.0005 <0.001 0.27 
1standard error of mean, 2Control vs lucerne diets, 3LucerneNormal vs LucerneLow 
4dry matter, 5metabolizable energy, 6energy corrected milk 

The high N content of lucerne is not recommendable from the environmental point of view and protein 
supplementation increases the nitrogen content of the diet further. There was a tendency for milk yield 
to increase with LucerneNormal compared with LucerneLow. The additional amount of rapeseed meal 
between these diets was 0.5 kg/d so the supplementation was economically profitable On the other 
hand, the high nitrogen content of the diet increases both excreted urine N and ammonia emissions 
(EMEP/EEA 2016). A hypothesis of the experiment was that the inclusion of Lucerne in the grass 
silage diet would reduce the use of rapeseed meal in the diet. Numerically, LucerneLow produced 
more milk compared with Control. Thus, if the target is only to maintain the production level with a 
grass silage based diet, the use of Lucerne can decrease the use of rapeseed meal.     

Conclusion Lucerne was not a recommendable alternative for grass if high forage yields are targeted. 
However, partial replacement of grass with lucerne increased intake, milk yield and energy balance 
demonstrating the nutritional advantages of lucerne compared with sole grass silage. Lucerne can 
partially replace the protein supplementation with grass silage based diets if the target is to maintain 
milk production. A protein supplemented lucerne diet is economically reasonable if the target is to 
maximize economic output at the expense of environmental emissions.   
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Introduction In the last few years our team has made efforts for developing a method to evaluate the 
dynamics of gas production in silages, by collecting and measuring all gases produced during the 
fermentation (Schmidt et al. 2012). This system consists of a PVC silo attached to a graduated 
chamber immersed in water. From a completely closed system, we have surprisingly detected that a 
new phase of negative pressure inside the silos starts one to two weeks after sealing (Souza et al. 
2015). This effect has been detected throughout the trials we have performed with maize silage (n=7), 
even under a controlled-temperature room. From this unintentional discover, we have designed a 
simple trial to start studying this effect. This trial aimed to evaluate the pressure inside the silos as well 
as the carbon absorption when feeding the silos with carbon dioxide (CO2). The hypothesis is that a 
homoacetogenic acetyl-CoA pathway performed by bacteria occurs in maize silages which can lead to 
carbon absorption under an anaerobic metabolism. Findings in the literature support this idea. 

Material and Methods  Eight PVC silos (8.8 L) were filled (196 kg DM m-3) with chopped maize forage 
(332 g kg-1 DM), closed with a proper cap and completely sealed with a liquid rubber glue, on April 08, 
2016. A previous test to block the escape of gases was performed. Silos were stored in a controlled-
temperature room (24±1 ºC) for 5 months. In the cap of each silo a silicon tube attached to a 3-way 
valve was inserted. A device composed of a low-density polyethylene chamber (1 L) was attached to 
the valve in each silo to collect and measure the volume of all gases produced during the 
fermentation. The internal pressure inside the silos was assessed using a mercury column manometer 
attached to the valve, with no escape of gases (Figure 1). 

   

Figure 1 . Details of the silos, gas collector device, and manometer (photos: Patrick Schmidt). 

 

Once the silos stopped the gas production and started showing negative pressure, four of the eight 
silos were weekly fed with pure CO2. The polyethylene chamber was filled up with CO2 and then the 
valve was opened in order to balance the pressure inside the silo. The CO2 was not forced inside the 
silo. The volume of CO2 absorbed by the silo was recorded. The other four silos remained closed and 
their internal pressure continued being measured. After 147 days of storage, silos were opened and 
samples were taken for pH measuring. Descriptive statistics of the average data is presented. 

Results Silos showed gas production until 11 days after closing (3235±388 mL kg-1 DM). Twelve days 
after, a negative pressure (-0,5 mm Hg) inside the silos was detected. The silos that were kept closed 
showed increase of the negative pressure until 101 days after sealing (-43±2.6 mm Hg), and the value 
lasted until the opening (-44±2.8 mm Hg) (Figure 2a). The CO2 was made available for the silos 
28 days after sealing, and they absorbed 225±52 mL. Four days after, another 387±59 mL of CO2 
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Introduction  It is becoming increasingly difficult to produce high-quality hay, because the hay rarely 
dries evenly on the field. Especially high mass coverage and unstable weather conditions make it 
almost impossible to uniformly dry to higher than 85% dry matter. Often it is the stem nodes that are 
not sufficiently dry. After harvesting, residual moisture returns to the stems and leaves. This benefits 
certain microorganisms, especially moulds. Their growth reduces quality and feed hygiene. External 
signs of microbial activity include the rise in the temperature in the stored hay. In order to counteract 
such spoilage processes, the use of preservatives is gaining increasing attention. As a rule, products 
based on propionic acid are used for this purpose. However, their use is not entirely unproblematic. In 
addition to relatively high application rates, the risk of corrosion in the recovery technology, the need 
for a special acid-resistant dosing technology and transport restrictions on possible application 
restrictions make its use difficult. The aim of the investigations was therefore to develop a user-friendly 
alternative product based on neutral salts to the classic acid-based products.    

Materials and Methods  In the laboratory trial the relation between heating and microbial development 
and biochemical changes were studied. For this trial German Grazing Grass (Lolium perenne) was 
harvested in 2015, dried and pressed into 25 kg square bales as moist hay. The target value for the 
residual moisture was 22%. In addition to the untreated control (T1), the moist hay was treated with a 
special formulation of three anti-fungal chemicals (T3) (potassium sorbate, sodium benzoate and 
sodium propionate, produced by Danstar Ferment (Zug, Switzerland) with different individual modes of 
action. This salt mixture was applied at 250 g / t, solved in 1 litre water. Propionic acid (T2) (99.8%, 
4.5 l / t) was used for positive control. The moist hay was examined at the beginning of each test 
(Table 1, composite sample) and after 30 and 100 days of storage (sampling of 5 individual bales). 
During storage, the temperature development in the bales was recorded by means of a data logger. 
As the bales were stored, in such a way that the formed heat could escape easily, a temperature of 45 
° C was never exceeded. Furthermore, individual bales (n=5) of each treatment were examined after 
30 and 100 days of storage and the dry matter content, feed value and hygiene status were 
determined.  

Table 1 . Nutritional and microbial parameters of grass prior to baling 

Parameter Unit Value 
Dry matter 
Crude ash 
Crude protein 
Crude fibre 
Neutral detergent fibre 
Acid detergent fibre 
Lactic acid bacteria 
Yeasts 
Moulds 
Enterobacteria 

% FM1 
% DM2 
% DM 
% DM 
% DM 
% DM 

Log CFU3/g FM 
Log CFU/g FM 
Log CFU/g FM 
Log CFU/g FM 

78.0 
9.7 
8.3 
28.2 
58.1 
29.8 
4.67 

5.86 
6.18 
4.96 

1Fresh material, 2Dry matter, 3Colony-forming unit 
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Results  and discussion : Raw material (Table 1):  The target residual moisture content of 22% was 
achieved. With regard to the hygiene status (mould count) the values, according to the VDLUFA-
orientation values of 1.500.000 CFU/g were achieved. Temperature development (Figure 1):  During 
storage, there is a distinct warming in the untreated control, which was a clear indication of microbial 
spoilage processes. On the other hand, no increase in temperature was observed in all the replicates 
of moist hay treated with preservatives. Hygiene  status (Table 2):  Microbial spoilage quickly began in 
the untreated control. The mould count remained unchanged and high (after 30 days log 5,90 or after 
100 days log 5,60 CFU/g). In contrast, the number of moulds found in both preserved varieties 
decreased, with the largest decrease in the neutral salts mixture variant, with 100 days of storage; the 
number of moulds decreased here to 44,668 CFU/g. DM-content and further parameters (Table 2): 
Compared to untreated control, all preservative treated bales had a better feed value and higher 
energy densities. Thus, the digestibility of the organic matter in the bales, preserved with the new 
formulation, was 2.1% higher than the control, and the net energy was 0.12 MJ NEL/kg DM higher. 
Spoilage and loss of nutrients could be safely avoided. As expected, there was a further increase in 
dry matter content in the bales stored during the entire storage period. 

 

Figure 1 . Bale temperature profile (5 replicates) 

 

Table 2 . Cumulative temperature, hygiene status and nutritional value after 30 and 100 days of 
storage (5 replicates) (P<0,05) 

 Cumulative 
temperature 

°C 

Moulds 
Log CFU/g FM 

DM 
% 

dOS1 

% 
NEL 

MJ/kg DM 

30 days storage 
T1 2422 + 62 5,90 83,1 60,3 4,57 
T2 2223 + 54 5,13 85,4 61,1 4,61 
T3 2242 + 66 5,62 85,0 63,7 4,75 
100 days storage 
T1 7458 + 198 5,60 84,0 60,1 4,54 
T2 6134 + 40 4,85 84,2 60,8 4,59 
T3 6168 + 22 4,65 84,1 62,2 4,66 
1Digestibility of organic matter 

Conclusions With the help of preservatives, moist hay can be stored safely and loss-free. Heating 
and spoilage are prevented and quality is ensured. With the new product formulation based on neutral 
salts, a user-friendly alternative to the acid-based preservatives for moist hay is now available. 
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Introduction Silage fermentation is a dynamic microbial process involving the acidification of the 
forage by lactic acid bacteria activity in order to stabilize the biochemical and microbial constituents. 
Synthesis of organic acids, mainly lactic acid in the initial phase follows the reactivation and growth of 
members of the Lactobacillales. A succession of microbial genera occurs as the pH drops. To ensure 
optimal fermentation and to promote other characteristics, such as improvement of aerobic stability, 
silage can be inoculated with live microbial additives. The impact of bacterial inoculation on silage 
quality has been demonstrated in numerous research (Oliveira et al. 2017) but its influence on 
microbial diversity throughout the fermentation process deserves more attention (Muck 2013). The 
potential of microbial inoculants to modify the microbial community was observed using traditional 
microbiology techniques, and also recently using molecular techniques (Eikmeyer et al. 2013). A 
microbial diversity study using amplicon sequencing has been performed on corn and alfalfa silages to 
evaluate how a lactic acid bacteria inoculant influenced succession of the microbial communities. 

Material and Methods  Two separated ensiling experiments were performed using similar analytical 
process, one with corn (352 g dry matter (DM) kg-1) and the second one with alfalfa/grass (86/14% 
botanical composition at 395 g DM kg-1). Inoculation was performed using a combination of 
Lactobacillus buchneri NCIMB 40788 and Lactobacillus hilgardii CNCM-I-4785 and was compared to 
the forage without inoculation. The forages were ensiled under vacuum bag mini-silos using 300 g of 
material. Five repetitions were made for each treatment. Vacuum was applied with a commercial 
vacuum sealer (Weston 2300). Silage was incubated for 0, 1, (2 for corn), 4, 8, 16, 32 and 64 days. 
DNA was extracted using MoBio's Power Lyser Power Soil DNA isolation kit prior to amplicon 
sequencing of the 16S rDNA V4 region (bacteria) and ITS1 region (fungi) on an Illumina MiSeq 
sequencer. Diversity data were analyzed using edgeR package. Analysis of fermentation parameters 
was performed at Cumberland Valley Analytical Service (Maryland, USA). One-way ANOVA was used 
for comparison between treatments. All statistical analyses were performed on R (version 3.3.3). 

Results and Discussion For corn and alfalfa silage, the fermentation profile followed the expected 
drop in the pH of the silage, starting within the first 24 hours of fermentation. In that initial 24 hours, the 
pH reached nearly 5.0 for corn and alfalfa samples. For all treatments, the lowest pH values were of 
3.68 (16 days - control) for corn and 4.57 for alfalfa/grass (32 days - control). The concentration of 
organic acids followed the trends observed by the pH, with higher concentration as the pH drops. As 
for the bacteria diversity, the fresh forage Enterobacteriales were identifed as the most abundant 
group in the case of corn and Pseudomonadales for alfalfa/grass (Figure 1). After 24 hours of ensiling, 
Lactobacillales superseded over the initial population. At that point in the incubation period, corn and 
alfalfa/grass followed different succession pathways. In corn, Lactobacillaceae family was the main 
population. For alfalfa/grass, Leuconostoccaceae dominated the silage for most of the incubation 
period, with Weissella representing the dominant genus. Adding lactic acid bacteria inoculants 
increased the speed of the microbial succession toward a heterofermentative community. At the Order 
taxonomy level, the observed changes induced by inoculation were more important for the corn than 
for alfalfa/grass silage. Inoculated corn silage had a significantly (P < 0.01) smaller population of 
Enterobacteriales compared to the control after 64 days of fermentation. For alfalfa/grass, no 
difference was visible between the two treatments at the Order community profile. Differences were 
observed at the Family and Genus level following inoculation with L. buchneri 40788 + L. hilgardii 
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4785. The genus Lactobacillus was basically absent from non-inoculated samples but represented 
more than 50% of the bacteria community for the inoculated samples (P < 0.01), a trend that started at 
day 4. Inoculation in alfalfa/grass did contribute to lowering the proportion of other Orders present in 
the community by more than 12% of the relative abundance for alfalfa/grass (P < 0.01). Fungal 
population also changed throughout the fermentation periods, with yeast (Ascomycota) succeeding 
over Basiodiomycota in corn silage. Interestingly the combined inoculant contributed to the change in 
the fungal population by selecting for specific genera of yeast, while overall fungal related reads 
numbers were reduced. As an example, the yeast Malassezia was typical of non-inoculated 
alfalfa/grass. The results observed here also confirmed the observation of a similar study performed 
by Gharechahi et al. (2017). 

Conclusion As previously observed by classic microbiology, microbial population changes are 
dynamic along the ensiling period. This amplicon based metagenomic diversity study with corn and 
alfalfa/grass allowed for detailed observation of the succession in bacterial and fungal population, and 
the impact of inoculation. Inoculation with a mix of two heterofermentative strains, L. buchneri 40788 
and L. hilgardii 4785, positively modified composition of the Eubacteria community for both types of 
silages. Evolution of the microbial community is a dynamic process that changes along the incubation 
period used in these two fermentation trials. 

 

Figure 1 . Community composition at the Order level following 16S (V4-region) operon 
metasequencing of whole plant corn silage and alfalfa/grass (86/14% composition) silage fermented 
for 1, 2 (only for corn), 4, 8, 16, 32, and 64 days. Inoculation with L. buchneri 40788 + L. hilgardii 4785 
was compared to samples not inoculated. 
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acetic acid production that decreased the counts of both yeast and molds (Kleinschmit and Kung, 
2006). The INO reduced bacterial (66 vs. 226 ± 10.7) and increased fungal (46 vs. 20 ± 2.95) 
observed OTUs vs. CON (P < 0.01). These results suggest that INO reduces the bacterial and 
increases fungal diversity consistently across all ensiled hybrids tested in this study. INO had higher 
RA vs. CON for Lactobacillaceae (99.2 vs. 75.7 ± 3.08%) and lower RA for Enterobacteriaceae 
(0.28 vs. 9.93 ± 1.32). INO had a lower RA of Leuconostocaceae vs. CON only for PBR (0.21 vs. 14.5) 
but not for other HYB (~0.21 vs. ~2.70±1.87; HYB × INO, P < 0.05). Collectively for the major bacterial 
families at d 100, RA were 86.6 and 0.4% of genus Lactobacillus and Pediococcus for 
Lactobacillaceae; 1.7 and 1.1% of genus unidentified and Leuconostoc for Leuconostocaceae; and 
3.7 and 0.4% of genus unidentified and Cronobacter for Enterobacteriaceae. The overwhelming 
dominance of Lactobacillaceae and the reduction of Enterobacteriaceae observed in this study shows 
that INO has the potential to keep silos hygienic besides the other effects reported on forage quality 
and conservation. For fungi, INO did not affect Saccharomycetaceae (~40.8%) but a lower RA vs. 
CON for Monascaceae (12.6 vs. 44.7 ± 7.30) and increased incertae sedis Tremellales (8.0 vs. 
1.2 ± 2.31) and incertae sedis Saccharomycetales (6.4 vs. 0.3 ± 1.7). Collectively for the major fungal 
families at d 100, RA were 42.4% of genus Kazachstania for Saccharomycetaceae; 30.8% of genus 
Monascus for Monascaceae; 6.6% of genus Hannaella for incertae sedis Tremellales; and 5.9% of 
genus Candida for incertae sedis Saccharomycetales. At d 0 vs. 100, we observed a clear separation 
and difference in the distribution and structure of the bacterial and fungal community using the 
weighted UniFrac and Bray-Curtis principal coordinates analysis plot, respectively. However, between 
CON and INO differences were only observed for bacteria at d 100. 

Conclusions  INO used consistently improved aerobic stability across HYB by increasing acetic acid 
and reducing fungal counts but had lower DM recovery of the corn ensiled at high moisture. This can 
be partially explained by the Lactobacillaceae dominance in INO silages, compared to a more diverse 
CON, and reduced Monascaceae, which increased fungal diversity relative to CON. 
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Introduction  Over the last decades, political and social pressure to reduce the pollution arising from 
agro-industrial activities has led to the food processing industry to modify their production processes, so 
that their residues can be reused. Several parts of plants that are not exploited during the process of 
industrial transformation, such as vegetable and fruit residues from commercial processing, have turned 
these wastes into by-products and become available for animal feeding in areas such as south-eastern 
Spain with low forage supply (Márquez et al. 2010). However, vegetables and fruits usually have a high 
amount of water, which causes them to have a rapid degradation and difficult conservation. The ensilage 
can be an adequate method but the environmental pollution capacity of the effluent and its environmental 
impact must be considered to prevent the release of effluents, with very high: chemical oxygen demand 
(COD), biochemical oxygen demand (BOD5), pH, conductivity (C) and total suspended solids (TSS). 
Several authors have used different models to find the best prediction equation, for crops with low or 
medium content of dry matter (DM) but no much information has been found about how is produced the 
flow of the effluents in high moisture content silages. The objective of this study is to know the amount of 
effluents released in the silage of different vegetable by-products with low dry matter content.   

Material and Methods Seven common vegetable by-products in the industries producing vegetables 
(aubergine, lettuce, tomato, zucchini, persimmon, broccoli, and artichoke) were used to find the best 
equation to predict the effluent production after the silage process. Three replicates of each one was 
chopped and packed into plastic bags, adjusting the weight to 150 or 250 g, using a vacuum heat-
sealer. The by-products were stored for 28 days at 9 °C temperature. The effluent production was 
measured and the DM content determined. To find the best prediction equation for effluent production 
based on the DM content of the by-products, the Curve Expert 1.4 program, with 90 fit models 
incorporated, was used (Hyams 2005).  

Results and discussion The DM content and the effluent produced of the by-products are shown in 
Table 1.  

Table 1. DM content and effluent production of different vegetable by-product silages 

By- product  Dry matter  
(DM) g/kg  

Effluent production  
mL/kg DM  

Artichoke 297 0 

Persimmon 183.63 35.04 

Broccoli 103.8 44.8 

Aubergine 76.11 75.3 

Zucchini 69.50 95.2 

Lettuce 61.83 106.09 

Tomato 25.58 146.71 
The date ranged from 24.6 to 297 g/kg of tomato and artichoke by-products, respectively. The best 
equation found was the quadratic model Y= 2.05 -1.23x + 1.82 x2, with r2 = 0.973 and SE = 16.9 
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(Figure 1) where can be seen that small increases on moisture content can produce very important 
elevations on effluent production. The second-best fit found was for the reciprocal equation, Harris 
model: Y = 1 /3.082 + 1.314 X 1,005, with r2 = 0.953 and SE = 18.4. For Megías et al. (2014) this model 
was the best found with less types of by-products, but the r2 was higher. 

 

Figure 1.  Prediction curve of production of silage effluent based on DM content of different vegetable by-
products. 

 

Conclusion This study showed that changed in the moisture content of seven by-products can 
produce very important variations of the effluent production. More studies are necessary to know what 
other parameters, in addition to DM, affect to the production of effluents during silage to decrease the 
release of them. 
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xanthine, diadenosine tetraphosphate, dialkyldisulfides, phenylpropanoic acid, L-carnitine, hydrocinnamic 
acid, ethyl 1-(ethylthio)ethyl disulphide, sphingosine, D-threitol and erythritol. 

Discussion  Despite using the same initial plant materials within the runs of the preference trial there were 
significant differences in preference, suggesting a major influence of the ensiling conditions on silage 
composition and preference by ruminants. However, no explanation for the differences in preference could 
be carved out based on proximate constituents and fermentation acid analysis. Since the DMI rankings of 
the lucerne and red clover silages and thus, the DMI of the most extreme silages (i.e., lowest and highest 
DMI) were very similar, this offered the possibility to directly compare the metabolites of those silages. The 
67 metabolites being more concentrated in the avoided compared to the preferred silages may have had a 
negative impact on feed intake behaviour. Carnitine as a quarternary ammonium salt for example acts as a 
taste modifying molecule accounting for a bitter taste (Behrens & Meyerhof 2015). Hydrocinnamic acid has 
a sweet, floral scent at room temperature (HMDB 2018) and might have contributed to the flavour of the 
avoided silages in an olfactory way. Precursors such as oligopeptides and amino acids contribute to the 
flavour of foods by chemical reactions that occur during food processing (Regulation (EC) No 1334/2008 of 
the European Parliament and the Council 2008). Similar processes may occur during ensiling. A difference 
of 29% and 15%, respectively, in the entirety of detected metabolites in the lucerne and red clover silages 
shows clearly that conventional analyses are not sufficient to characterise silages profoundly and to 
establish reasons for differences in preference behaviour. A certain share of the metabolites may have 
contributed to the postingestive feedback and to the sensory characteristics of the silages. Volatile 
compounds could have had the greatest impact on preference and avoidance of silage since they are the 
most flavour-relevant components in plants and thus in silage. Amongst others, they are composed of 
monoterpenes, sesquiterpenes, alcohols (mono- and sesquiterpene alcohols), ketones, phenols, aldehydes, 
coumarins, esters and oxides (Parker 2015), which were all verified in the samples. 

Conclusions  It was shown that conventional analyses are not always sufficient to provide profound 
explanations for differences in preference between silage treatments, since preference was scarcely related 
to proximate constituents and fermentation characteristics. Metabolome analyses proofed to be a good 
foundation for the approach of examining which variables might play a role in preferring and avoiding 
ensiled forages. Using metabolomics data as a basis to deduce intake related compounds provides a 
promising track which may lead to progress in silage research. 
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silages but did not differ within the same type of mini-silo. Acetic acid (18.4 vs. 12.5 g/kg DM), 
pH (4.64 vs. 4.40) and ammonia (61.1 vs. 46.0 g/kg of CP) were lower (P<0.05) for the inoculated 
silages in the 1 L mini-silos. The ratio of Lactic:Acetic (2.59 vs. 4.37) and the proportion of lactic acid 
of the total acids (0.72 vs. 0.81) were increased (P<0.05) by inoculation in the 1L mini-silos. In the 3L 
mini-silo the contents of acetic acid and ammonia were numerically lower for the inoculated silage, 
while the contents of lactic acid, total acids, lactic as a proportion of total acids, the ratio of 
Lactic:Acetic and ethanol were numerically higher, but did not allow for the detection of treatment 
differences. Data suggest that 1L mini-silos replicated four-times are suitable for the detection of 
treatment differences while for 3L mini-silos greater replication may be needed in order to determine 
treatment differences. These could be explained by the packing densities achieved in the 1L (156 
kg/m3) vs 3L (194 kg/m3) mini-silos. The DMR was not affected by treatment and averaged 96.2% 
(data not shown). All silages were aerobically stable during 174 h (data not shown). 

Table 1 . Nutritional characteristics of wilted Lucerne and resulting silage ensiled in different types of 
mini-silos for 91 d1,2 

  3L PVC   1L PVC  1 L GJ  SE P< 
 Wilted   NI HBI  NI HBI  NI HBI   
DM3,  504  487 490  488 484  487 488 6.1 0.35 
Crude 
protein 

179  191 185  180 187  179 183 3.1 0.10 

ADF4 352c  363bc 367b  374ab 368.7b  385a 371ab 3.3 0.001 
WSC5 132a  40b 41b  37b 39b  40b 38b 1.4 0.001 
NFC6 333  313 325.1  316 322.9  311 315 5.3 0.09 
1abc within the same row differ P<0.05; 2 Treatments were 3L PVC mini-silo, 1 L PVC mini-silo, 1 L 
glass jar; NI = not inoculated, HBI= Homolactic bacterial inoculant; 3Dry matter g/kg as is; all others 
g/kg DM; 4Acid detergent fibre; 5Water soluble carbohydrates; 6Non-fiber carbohydrates 

 

Table 2 . Fermentation characteristics of Lucerne silage ensiled in different types of mini-silos for 91 d1,2,3 

 3L PVC 1L PVC 1 L GJ  SE P< 
 NI HBI NI HBI NI HBI   
pH 4.53ab 4.40b 4.7a 4.4b 4.68a 4.4b 0.04 0.001 
Lactic acid, g/kg DM 51.4ab 58.6a 43.6b 45.1ab 44.7b 56.3ab 3.0 0.01 
Acetic acid, g/kg DM 18.7ab 15.6bc 16.8a 9.6c 19.7ab 12.4c 0.9 0.001 
Total acids, g/kg DM 70.1ab 74.1a 60.4bc 54.7c 64.4abc 68.7ab 2.6 0.001 
Lactic:Total acids 0.73bc 0.79ab 0.72c 0.82a 0.69bc 0.82a 0.17 0.001 
Lactic:Acetic 2.88bc 3.88ab 2.61bc 4.70a 2.27c 4.54a 0.31 0.001 
Ammonia-N, g/kg N 5.74ab 5.05bc 6.40a 4.50bc 6.18a 4.25c 0.31 0.001 
Ethanol, g/kg DM 0.34ab 0.37a 0.28c 0.22c 0.34ab 0.29a 0.01 0.001 
1Propionic acid, butyric acid, iso-butyric acid, ethanol, methanol, propanol, propanediol, butanol were 
analyzed, but not detected at levels above 0.1 g/kg DM; 2abc within the same row differ P<0.05; 
3 Treatments were 3L PVC mini-silo, 1 L PVC mini-silo, 1 L glass jar; NI = not inoculated, HBI= 
Homolactic bacterial inoculant 

Conclusions  Inoculation exerted positive characteristics to the fermentation process and were 
detected in the 1 L, but not in the 3L mini-silos, possibly due to differences in packing density. All 
silages were aerobically stable. Mini-silos as small as 1 L replicated four-times are suitable for the 
study of the fermentation process of Lucerne silage, whether they are hand packed or vacuumed 
sealed as they allow the detection of treatment differences that are statistically significant. 
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Introduction  The global demand for dairy products is expected to be 63% higher in 2050, and a large 
part of this increase will occur in the developing countries such as in Pakistan, because of the rising 
incomes and rapid population growth (FAO 2011). Much of the recent research shows that the bottle-
neck to the increase in milk production under the existing genetic resources and production systems in 
Pakistan is the low-quality and availability of good quality forages (Nazir et al. 2016).Therefore, a 
quest for good quality forage resource in terms of high yield, nutritional value and year-round 
availability is a must to ensure sustainable increase in milk yield, and as such the growth of dairy 
industry and economic profitability of the dairy farmers. The introduction of high yielding, nutritious 
fodder varieties can boost up the forage yield and nutrients supply to livestock. Maize is one of the 
most important forage crops being grown under both irrigated and barani conditions and production of 
silage from maize can ensure good quality forage availability throughout the year. However, in 
Pakistan the average forage yield and nutritional quality of maize silages is very low due to low 
yielding varieties and substandard agronomic practices. Recent research in our laboratory shows that 
the nutritional value of maize silage produced in Pakistan is highly variable, and most of this variation 
was caused by differences in genotypes and maize maturity. Genotype of maize has a marked 
influence on the biomass yield, grain to stover ratio as well as stover/fiber digestibility, and as such 
silage yield, quality and economic return to farmers (Boon et al. 2005; Khan et al. 2015b). This study is 
part of systematic research project and aimed to quantify the nutritive value of spring maize hybrids for 
silage production in terms of: (1) dry biomass and nutrients yield; (2) silage fermentation quality; (3) 
and fiber digestibility and metabolizable energy (ME) supply to dairy cow. 

Materials and Methods  Site selection and maize sowing:  The study was conducted in the research 
fields (34°0'N, 71°35'E, 359 m above sea level) of The University of Agriculture Peshawar, Pakistan. 
Peshawar has a subtropical steppe/low-latitude semi-arid hot climate. Six promising spring maize 
genotypes, including Pioneer (P1543 and P1429 hybrids), Monsanto (DK 9108 hybrid), new released 
quality protein maize (QPM-200 and QPM-300) hybrids by CIMMYT and NARC Pakistan, and one 
local cultivar (Azam) were evaluated. The seeds of each cultivar were sown on March 28, 2016 in 8 
replicate plots (5 m × 10 m) that were blocked in two replicate fields (locations). At each field the 
seeds were sown at a seed of ca. 33000 seeds/acre (plant to plant distance of 20 cm and row to row 
distance 70 cm) in 4 replicate plots (5 m × 10 m) according to randomized completed block design. 
The standard agronomic, weed control and irrigation practices were applied uniformly to all plots. 
Monitoring Harvest Maturity and Sampling:  Maize maturity was strictly monitored by counting the 
number of leaves from 13 leaves stage onward, appearance of flower (50% flowering date) and silk 
(50% silking date) on 1 m long randomly selected strip of two randomly selected adjacent rows. 
Moreover, one week after the silking the DM content of the whole crop was strictly monitored by oven 
drying randomly collected samples of each plot. Samples from each plot were harvested at a targeted 
DM content of 25, 30, 35 and 40%. At each harvest time, sample of 1 m2 area of consecutive plants 
were hand-harvested by cutting 15 cm above the land surface from each harvest area. The harvested 
crop was weighed, chopped, mixed thoroughly and a sub sample was collected for chemical analysis. 
Laboratory scale Silage production:  The chopped material of each plot was ensiled in four 
replicates, 1.5-liter laboratory silos. After three months of silage production duration, the silos were 
opened and the silages were analyzed for fermentation quality, nutrient composition and fiber 
digestibility as described earlier (Khan et al., 2014) nutrition. Sample processing and chem ical 
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axis in Figure 1 show that it is possible to produce bunker silage with no peripheral loss of DM or 
visible waste material over a wide range of densities and DM contents.  Further study and analysis are 
therefore required to identify the key multivariate factors that affect peripheral losses in bunker silos. 

Table 1.  Silo dimensions, density of silage in top metre, silage DM, particles in top sieve of Penn State 
Separator, estimated loss of DM in top 30 cm and estimated total visible waste DM in silo. 

 Width 
of silo 
(m) 

Height 
of silo 

(m) 

Total 
volume 
of 
silage 
in silo 

(m3) 

Density of top 
metre (kg fresh 
matter/m3) 

Mean 
silage 
DM (% 
of fresh 
weight) 

Particles 
on top 
sieve (% 
of total 
particles) 

DM loss 
in top 30 
cm (%) 

Total 
visible 
waste in 
silo (t 
DM) 

Mean 12.80 2.73 935 452 30.2 41.3 16.3 11.1 

Minimum   8.40 1.90 336 124 20.5 23.2     0 0 

Maximum 20.50 3.90 1872 632 44.9 78.3 50.9 68.2 

 

 

         DM Loss VS FMDens     DM Loss VS SDM  

Figure 1 . Plots of fresh matter density (FMDens, kg/m3, horizontal axis) and silage DM (SDM, %, 
horizontal axis) against estimated DM loss in top 30 cm (%, vertical axes) 

 

Conclusions  Oxidative loss was zero on 45% of the farms surveyed, indicating that this source of DM 
loss is avoidable by adopting silo management practices that prevent oxygen ingress into the silage 
during storage. 
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Abstract   

Microbial activity during ensiling leads to the production of numerous organic compounds. More than 
40 of these compounds are volatile organic compounds (VOC), which readily volatilize when silage is 
exposed to air. VOC contribute to poor air quality in some areas by participating in atmospheric 
reactions that produce harmful secondary pollutants, including ozone. Recent measurements and 
calculations suggest that the silage VOC make a significant contribution to total anthropogenic VOC 
emission and resulting poor air quality in some areas.  Although silage VOC production has been 
studied for well over a century, only recently have there be efforts to quantify emission.  Recent 
studies have focused on measurement of VOC emission and development of emission models to 
better understand emission pathways and estimate the magnitude of silage VOC emissions. Studies 
on silage additives have begun to address the question of mitigation. In this paper we summarize the 
current understanding of silage VOC production and emission, estimate the contribution of silage to 
VOC emissions in the US and EU, discuss mitigation methods, and identify research needed to 
address the problem of silage VOC emissions. Results show that silage VOC emission in Europe and 
the US is probably equivalent to more than 5% of all other anthropogenic sources, and likely much 
higher in some locations. However, uncertainty in emission estimates is high, and development and 
application of more accurate measurement techniques is an important research need. 

 

Introduction  

Silage contains organic acids, alcohols, esters, and other volatile organic compounds (VOC) that 
volatilize into the atmosphere during silage production, storage, and feeding. Research in the United 
States over the past decade has shown that these compounds may make a significant contribution to 
total anthropogenic VOC emission in some areas (Howard et al. 2010; Hu et al. 2012; Hafner et al. 
2013). Silage is also an important animal feed and bioenergy feedstock in Europe, but its contribution 
to VOC emissions has not been assessed. Emission of VOC from silage and other sources 
contributes to poor air quality by reacting to form tropospheric ozone and other oxidants, resulting in 
an increase in respiratory disease and premature death (National Research Council 2008; Jerrett et al. 





Emissions and Volatile Organic Compounds 

54  XVIII International Silage Conference 

VOC production in silage  

Silage VOC are thought to be produced primarily by microorganisms during silage fermentation and, 
although some may form during storage. A limited number of studies have shown that concentrations 
of ethanol and 1-propanol approach increase rapidly during fermentation, approaching final levels 
within one week of ensiling, while other concentrations of other compounds may continue to increase 
(Filya and Sucu 2010; Franco 2016). Sources of silage VOC are summarized in this section, and more 
details can be found elsewhere (McDonald et al. 1991; Hafner et al. 2013).  

Acetic acid is produced by numerous silage microorganisms through fermentation, but 
heterofermentative lactic acid bacteria (LAB), enterobacteria, and clostridia are thought to be the most 
important. Acetic acid is less effective than lactic acid for lowering pH, but inhibits yeast activity and so 
can improve aerobic stability (McDonald et al. 1991). Propionic acid is produced by clostridia, and 
sequentially by Lactobacillus buchneri and L. diolivorans. Typical concentrations in maize silage after 
fermentation and storage have been given as between 10 and 30 g kg-1 for acetic acid and < 1 g kg-1 
for propionic acid (Kung and Shaver 2001). A compilation based on literature data showed that acetic 
acid was generally between 10 and  
50 g kg-1 and propionic generally between 1 and 10 g kg-1 (Hafner et al. 2013). 

Ethanol, which is probably the single most important silage VOC from an air quality perspective 
(Hafner et al. 2013), is thought to be produced primarily by yeasts, and to a lesser degree, obligate 
heterofermentative LAB by fermentation of forage carbohydrates (McDonald et al. 1991, Driehuis and 
van Wikselaar 2000). Yeasts use the alcoholic fermentation pathway, resulting in production of 2 
moles of ethanol and 2 mole CO2 per mole of glucose substrate, while heterofermentative LAB instead 
produce one mole each of lactic acid, ethanol, and CO2 (McDonald et al., 1991). Recent results from 
anti-fungal additive experiments also suggest that yeast dominate ethanol production, at least in maize 
silage (see Mitigation section below). Ethanol concentrations in maize silage may exceed 10 g kg-1 
(Hafner et al. 2013). 

1-Propanol and propionic acid are produced by Lactobacillus diolivorans by degradation of 1,2-
propanediol (Krooneman et al., 2002), which is produced by Lactobacillus buchneri. Additionally,  
1-propanol is a minor product of fermentation by yeasts (McDonald et al. 1991). Production of this 
alcohol varies widely in silage, with concentrations after storage ranging from below 0.1 to above 10 g 
kg-1 (Hafner et al. 2013). 

Methanol has been reported to be the main product from the metabolism of pectin by Clostridium 
butyricum in culture (Schink and Zeikus 1980), and by certain bacteria of the genus Enterobacter and 
Clostridium (Lindinger et al. 2006). However, it is likely that methanol formation in silage occurs 
through the action of pectinesterase and polygalacturonase, which are responsible for de-esterification 
of pectin in higher plants (Birch et al. 1981; Hou et al. 2008). Also, it is possible that damage to plant 
cells during harvest and chopping of corn plants for silage triggered the action of pectinesterase and 
polygalacturonase, which facilitate the degradation of pectins and, thus, the formation of methanol 
(Pedrolli et al. 2009). Methanol concentrations in silage are generally less than 10% of ethanol (Hafner 
et al. 2013). 

Aldehydes may be produced by some LAB and yeast, using sugar and amino acids as substrates (Liu 
and Pilone 2001; Østlie et al., 2003), but also through two abiotic pathways, of which alcohol oxidation 
is probably the most important. Very few measurements of aldehydes in silage exist, but reported 
concentrations are all below 1 g kg-1 and typical concentrations appear to be an order of magnitude 
lower (Hafner et al. 2013). However, high reactivity increases their contribution to secondary air 
pollution. 

Esters may be formed by LAB and also abiotically through esterification reactions with alcohols (Weiß 
et al. 2016). More recently, the formation of esters was attributed to the reaction of ethanol and acetyl-
CoA, which was found to be mediated by yeast acyltransferases (Piskur and Compagno 2014). Thus, 
it is likely that production of ethyl acetate and other esters in silage occurs due to yeast activity, and it 
will probably depend on the concentration of ethanol (or other alcohols) and acetyl-CoA during silage 
fermentation, as well as pH, temperature, yeast abundance, and strain type (Suomalainen 1981; 
Peddie 1990). In the case of non-brewing yeasts, ethyl esters can be synthesized by the action of 
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esterase enzymes (Peddie 1990). Management strategies and practices that promote ethanol 
formation during ensiling will most likely also stimulate the production of ethyl acetate and other ethyl 
esters (Weiß et al. 2016). Correlation between ethanol and ethyl ester concentrations in silage provide 
some evidence of abiotic formation (Weiß and Auerbach 2013). However, limited measurements on 
the timing of ester production show a high initial rate, before alcohol and acid concentrations have 
peaked, suggesting the biological routes may dominate (Franco 2016). Most esters are present at 
concentrations below 1 g kg-1 in maize silage after storage (Hafner et al. 2013). 

Mitigation is complicated by the redundancy in silage microbial communities, and further 
characterization of microbial communities responsible for the formation of specific VOC during ensiling 
is needed. It will be important to investigate both the concentrations of VOC and the changes in 
microbial communities in the first few days of ensiling as well as after active fermentation in the silo 
has ceased. A combination of techniques such as selective microbial inhibition, DNA and RNA based 
methods (i.e., molecular techniques, gene sequencing) for identifying and enumerating both fungi and 
bacteria, and  determination of VOC throughout ensiling would provide valuable data for developing 
effective mitigation strategies in the control of VOC production and emission from silage (Pang et al. 
2011; Gharechahi et al. 2017; Xu et al. 2017; Tennant et al. 2017)  

 

VOC emission  

Emission pathways  

Emission of VOC occurs throughout the silage production process, starting during crop growth, 
generally increasing during harvesting, continuing during fermentation and storage in a silage pile, pit, 
bag, bunker, or tower silo, and ending only when silage is consumed by animals (the majority of 
ethanol consumed by cattle, for example, is probably metabolized in the rumen or liver (Kristensen et 
al. 2007)) or fed to an anaerobic digester for biogas production. The magnitude of VOC emission 
varies throughout the silage production cycle, and depends on the concentration of VOC present in 
the material at each stage, and conditions that determine the rate of mass transfer through silage 
pores and from the exposed surface (Hafner et al. 2012). Or, in the case of emission from growing 
crops, the production rate may control emission. The maximum concentration of VOC present in silage 
is a convenient reference point for emission. Assuming little emission occurs before and during 
storage and VOC production is minor under the aerobic conditions that silage is exposed to once it is 
removed from a storage structure, maximum VOC concentrations occur after silage fermentation is 
complete. Expressing the maximum VOC concentration as a fraction of the silage dry matter basis 
(mass of VOC per kg of silage dry matter) makes it convenient to estimate emission based on silage 
production or silage feeding estimates, and is the approach used in this section. Production of 
individual silage VOC and varies with location, crop, and other factors. Based on mean values from a 
literature review, the sum of all VOC in maize silage is between 30 and 40 g kg-1 (silage dry matter 
basis).  

Plants produce volatile compounds as result of abiotic or biotic stresses, and to communicate with 
insects and other plants (Holopainen, 2004; Holopainen and Gershenzon, 2010). Low molecular 
weight VOC are also produced as part of secondary metabolism, with methanol, isoprene, and 
monoterpenes being the most abundant in the atmosphere. Methanol is produced as a byproduct of 
pectin formation in developing plant cell walls (Galbally and Kirstine 2002; Brunner et al. 2007). 
Terpenoids, including isoprene and monoterpene, are the largest and most diverse plant secondary 
metabolites, participating in photosynthesis, respiration, stress adaptation, plant defense mechanisms 
and attraction of pollinators (Sharkey et al. 2008; Guenther et al. 2012). 

Estimates of VOC emission rates from growing crops are scarce. The average flux of volatiles emitted 
from growing maize crops measured with micrometeorological methods ranges from 230 to  
5000 µg m-2 h-1 and is dominated by methanol, acetic acid, and acetaldehyde (Das et al. 2003; Bachy 
et al. 2016; 2018). Wiß et al. (2017) and Graus et al. (2013) also measured volatile organic emissions 
from maize growing crops using controlled flow chamber concentration methods and found VOC flux 
that was one half the flux measured by the studies that use micrometeorological methods. The range 
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of volatiles flux measured varied from -300 µg m-2 h-1 (net uptake) to 3450 µg m-2 h-1 and was 
dominated by methanol (55% to 88% of the total VOC emissions), acetic acid (10% to 30%), and 
acetaldehyde (about 10%). The large variation in flux magnitude was attributed to the interaction 
between the emission of VOC by maize and the adsorption and desorption from soil, as affected by 
the physiological stage of the plant, temperature and moisture condition of the soil (Wiß et al., 2017; 
Bachy et al., 2018; Mozaffar et al., 2018). Graus et al. (2013) also measured VOC emission from 
switchgrass (Panicum virgatum L.) and found the flux to be dominated by methanol, but to be one-half 
the magnitude of the flux measured on corn fields. Fluxes for white clover and mixed grasses reported 
in the compilation by Bachy et al. (2016) vary  
from -200 to 1000 µg m-2 h-1, and Warenke et al. (2002) report 4000 µg m-2 h-1 from undisturbed 
mature alfalfa. 

Harvesting the crop triggers stress response mechanisms and enzymatic tissue decomposition that 
increase emission of VOC. Karl et al. (2001) measurements of VOC emissions from a mixture of 
grass-legume hay harvesting ranged from 1000 to 8400 µg m-2 h-1, and Davison et al. (2008) 
measured fluxes ranged from 500 to 2400 µg m-2 h-1 after cutting a different grass-legume mixture for 
hay. Warenke et al. (2002) measure a twofold increase of the VOC flux after alfalfa was cut during 
harvest. Methanol was the dominant volatile emitted before and during harvest, increasing in 
proportion immediately after cutting the crop, and diminishing as the crop dries and leaf senescence 
volatile compounds acetaldehyde, acetic acid and acetone increase in proportion over the following 
days (Warenke et al. 2002; Bachy el at. 2018; Mozaffar, et al. 2018). 

Emissions of volatile organic compounds during crop grow and harvest are unrelated to the post-
harvest process and storage, and occur whether the material is processed as silage or not. Cutting the 
plant material to size for ensiling, transporting it to the silo and packing it to the appropriate density are 
post-harvest activities directly related to silage production and are expected to enhance VOC 
emissions through the same mechanisms that occur during harvest. Nonetheless, recommended 
silage preparation practices limit the time from harvest to covering the silo to a day, and total VOC 
emissions occurring during silo preparation are expected to be less than those incurred during harvest 
and drying of the material for hay. 

Assuming a silage dry matter yield of 20 t ha-1, a growing season of 110 d, dry matter losses during 
ensiling of 15%, and emission at the maximum observed rate of 5000 µg m-2 h-1, crop growth could 
contribute as much as 8 g kg-1 (g of VOC per kg silage dry matter). With more typical rates of 200-400 
µg m-2 h-1 (Graus, 2013; Bachy et al., 2016) total emission would be about 0.3-0.6 g kg-1. These 
estimates are < 10% of losses during feeding (discussed below) and < 2% of VOC mass present after 
silage storage. 

During fermentation the most important silage VOC are produced and accumulate. Carbon dioxide 
(CO2), a byproduct of heterolactic fermentation, mixed acid fermentation, and alcoholic fermentation 
(McGechan, 1990) causes pressure- and buoyancy-driven advective flow of gas out of the silage 
storage structure (Williams et al., 1997). This gas flow will carry VOC out of the silage, but the amount 
transported is limited by the concentration of VOC present at this stage of the fermentation process 
and by the partitioning of between gas and aqueous phases, which depends on temperature, silage 
moisture and gas-phase porosity (Hafner et al., 2012). Hafner et al. (2012, supplementary material) 
presented an approach to predict these losses, assuming that VOC concentrations during the entire 
fermentation period are similar to the values measured when the silo is open at the end of the storage, 
which indicates that for the most volatile compounds (esters and aldehydes), predicted losses are < 
6% of the total compound mass under typical conditions, but nearly 30% under extreme conditions. 
For alcohols, which are the most important from an air quality perspective, losses from this route are 
probably negligible (< 2% even under extreme conditions). 

Even in the most carefully sealed silage bags some exchange of mass between the silage and the 
atmosphere occurs during storage. It is possible to estimate storage losses by using aerobic 
deterioration losses as an estimate of the air that enters stored silage and assuming that a similar 
quantity of silage gas has escaped (Hafner et al., 2012, supplementary material). Under typical 
conditions, predicted ester losses may be 40% to 100% of the total ester mass under extreme 







Emissions and Volatile Organic Compounds 

24-26 July 2018, Bonn, Germany  59 

used by Zeyer et al. (2013) might be used but this requires substantial development and verification. 
Tracer ratio methods can include both time-averaged and online measurements with the latter (e.g., 
PTR-MS for VOC) adding the benefit of a high time resolution. 

At this time, with only limited measurements of emission rates available (see Emission pathways 
section, below), those developing inventory estimates should be skeptical of any measurements made 
under conditions that do not reflect those that silage is exposed to on farms, including silage condition, 
air speed, temperature, and the duration of exposure. If an appropriate approach from measurement 
of VOC emission is not available, measurements of VOC within silage are more useful than inaccurate 
emission measurements that depend on precise conditions that are difficult to replicate. 
Concentrations within silage can be used to estimate relative differences and total maximum emission 
(at least for all stages that occur after measurement). Silage VOC concentrations can be measured 
using water extraction or headspace analysis, combined with GC/FID or GC/MS measurements 
(Hafner et al. 2014; Weiss et al. 2016). 

Magnitude of silage VOC emission  

Given the paucity of reliable measurements of VOC emission from silage, emission estimates 
(including those published in national emission inventories) have the potential to be very inaccurate. 
However, even approximate estimates are useful for assessing the significance of the problem and 
identifying research needs. In this section we present new estimates of silage VOC emission for the 
US, EU, and some smaller areas, and compare them to inventory estimates of non-agricultural 
emissions as a means of evaluating the significance of silage VOC. 

We can estimate VOC emission by assuming fixed fractions of the three most important VOC groups 
are ultimately lost during the stages described above (see Emission pathways section). Mean 
concentrations from a large compilation of literature data for each of the four most important VOC 
groups in maize silage were 22.1, 9.7, 1.9, and 0.6 g kg-1 for acids, alcohols, esters, and aldehydes 
(dry matter basis) (Hafner et al., 2013). Our best estimate of typical emission losses from all stages 
after packing is 40% for alcohols and 70% for esters and aldehydes based on the wind tunnel results 
for packed silage presented by Montes et al. (2010) and the mass balance results for loose silage 
reported in Hafner et al. (2012). With a lower volatility, an estimate of 10% for acids may be 
reasonable. The sum of the product of silage concentrations and these volatilization estimates results 
in an emission factor of 8 g kg-1, which we can take as an estimate of typical VOC emission from 
maize silage. It is important to remember that this is an approximate estimate at best, and how well it 
reflects actual emission is unknown. Additionally, the value will vary among locations. Similar 
approaches for lower and upper limits (assuming only 1% acid emission, 10% for alcohols, and 20% 
for esters and aldehydes for the lower limit, along with a lower alcohol concentration of 5 g kg-1; and 
20% loss of acids, 70% for alcohols, and 100% for esters and aldehydes) yield values of 1 and 14 g 
kg-1.  

Reflecting on these estimates, and given some confusion in trade publications (e.g., Mitloehner and 
Cohen 2016), it should be recognized that VOC emission is not the major route of mass loss from 
silage. Even well-managed silage typically loses > 50 g kg-1 (5%) of dry matter between packing and 
feedout (not including surface waste), and losses may exceed 200 g kg-1 (McGechan 1990; Savoie 
and Jofriet 2003). But this lost mass is primarily as CO2 from both fermentation or aerobic respiration 
(McGechan 1990). Only under the most extreme conditions (ethanol > 50 g kg-1) could VOC emission 
approach 50 g kg-1, and in this case, total mass loss would almost certainly be much higher (assuming 
ethanol production was from alcoholic fermentation by yeast, fermentation loss by CO2 alone would 
exceed 50 g kg-1 loss as well).  

The emission factors calculated above are used here along with estimates of silage production to 
predict VOC emission. Resulting estimates have been made for the US, the EU, and some smaller 
areas where silage VOC emission may be more significant: the San Joaquin Valley in California, USA, 
which has a large fraction of the US dairy cow herd and significant air quality problems (Howard et al. 
2010); Germany, which produces more maize silage than any other country in the EU, and France, 
which is exceeded only by Germany in maize silage production within the EU. In Germany, almost half 
of the silage maize produced is used for biogas production (S. Kraume, Deutsches Maiskomitee e.V., 
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personal communication). Differences in management and handling (including the lack of feed lanes in 
biogas production) would result in different emission factors than for silage produced for animal feed, 
and so emission estimates are particularly uncertain for this country. 

Resulting estimates (Table 2) clearly show that silage has the potential to be a major source of VOC 
emissions. But they also show that more precise estimates are needed. For the US, for example, our 
estimates range from <1% to >9% of non-agricultural emissions. These average values do not show 
the variability in emission rates. In the San Joaquin Valley, for example, we estimate that silage 
emissions are at least 7% of non-agricultural sources, but may nearly match the sum from these other 
sources. Inventory estimates for the SJV range from approximately 13% to 30% of non-agricultural 
sources (CARB 2017; Howard et al. 2010), which falls in the range of the lower and upper limit of our 
predictions in Table 2 below.  

Table 2.  Estimates of VOC emissions from national inventories and estimated here, based on silage 
production and VOC emission factors. 

 Inventory anthropogenic 
VOC emissions1 (Gg yr-1) 

 
Total silage 
production 
(Tg yr-1)2 

Predicted silage VOC emissions 
(Gg yr-1)  

Region Non- 
agricultural1 

Agricultural Lower limit Best estimate Upper limit 

United States 15200 200 125 125 1000 1750 

European Union 
(EU 28) 

5840 1170 64 64 510 890 

San Joaquin 
Valley, 
California 

100 325  6.5 6.5 50 90 

Germany6 812 208 26 26 210 360 

France 623 1.7 15 15 120 210 

Notes: 1Emission inventory data for 2014 or 2015. EU data are from EEA (2017), US data are from 
EPA (2018b), SJV data are from CARB (2017). Agricultural estimates are incomplete in some cases, 
and known to be underestimates. 
2Dry matter produced basis. US data are from NASS (2018). The US total includes maize, grass 
(haylage), and sorghum silage production, and the San Joaquin Valley total is for maize silage only, 
since no other types are produced in significant amounts. Data for Europe are from EuroStat (2018). 
All values for Europe are for maize silage only. In all cases, a loss of 15% dry matter from harvest 
through storage was applied. 1 Tg = 1 million tonnes.  
5Excludes silage emission, which is reported as 13 Gg yr-1. 
6About 47% of silage maize produced in Germany is for biogas production (S. Kraume, Deutsches 
Maiskomitee e.V., personal communication), but the same emission factors were used for all locations 
presented in this table. 

 

Mitigation  

Silage additives may reduce VOC emission by reducing production of these compounds during 
ensiling. For given silage handling practices (e.g., sealing, exposure, feed depth) and fixed physical 
properties (density, particle size), mass transfer theory dictates that total volatilization of a particular 
compound from silage will be proportional to the mass of that compound produced (Hafner et al. 
2012). The use of some antifungal chemical additives have been found to be very effective in reducing 
production of ethanol and, in some cases, ethyl esters, in corn silage in laboratory trials (Table 3). 
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Other additives have shown no effect, or, in some cases, increased VOC concentrations (Hafner et al. 
2014; Weiß et al. 2016). 

Table 3.  Summary of results from laboratory or full-scale trials on effects on chemical antifungal 
additives on alcohols and esters in maize silage. 

Study Additive (dose per forage 
fresh mass) 

Effects Other details 

Kleinschmidt et 
al. (2005) 

1:1 potassium 
sorbate:EDTA (1 g kg-1) 

80% reduction in ethanol  

Teller et al. 
(2012) 

Potassium sorbate (1 g 
kg-1) 

70% or greater reduction in 
ethanol 

 

Weiß and 
Auerbach 
(2013) 

21.9% sodium benzoate, 
13.2% potassium sorbate 
(2 g kg-1) 

72% reduction in ethanol, 
45% in ethyl acetate and 58% 
in ethyl lactate 

 

Auerbach and 
Nadeau (2013) 

250 g/L sodium 
benzoate, 150 g/L 
potassium sorbate; 1.0, 
1.5, 2.0 L t-1 

73 to 84% reduction in 
ethanol 

Reduction did not depend on 
dose  

Hafner et al. 
(2014) 

Potassium sorbate (1 g 
kg-1) 

58% reduction in ethanol, 
46% reduction in ethyl 
acetate 

A lower dose of potassium 
sorbate appeared to increase 
VOC production 

Auerbach et al. 
(2015) 

Sodium benzoate, 
potassium sorbate; 1.0. 
2.0 L t-1 

45 to 51% reduction in 
ethanol 

Reduction did not depend on 
dose 

Hafner et al. 
(2015) 

Potassium sorbate (1 g 
kg-1) 

>70% reduction in ethanol, 
>65% reduction in ethyl 
acetate 

Also >50% reduction in 1-
propanol when Lactobacillus 
plantarum was added along 
with K sorbate 

Franco (2016) Potassium sorbate (1 g 
kg-1) 

>80% reduction in ethanol, 
ethyl acetate, ethyl lactate, 
>60% reduction in 
acetaldehyde, >30% 
reduction in methanol 

 

Weiß et al. 
(2016) 

21.9% sodium benzoate, 
13.2% potassium sorbate 
(2 g kg-1) 

58% reduction in ethanol, 
86% in ethyl acetate, 80% in 
ethyl lactate 

Depending on air exposure: 
25-40% reduction in ethanol, 
63-77% in ethyl acetate and 
46-49% in ethyl lactate 

Brüning et al.,  
In Weiß 2017 

21.9% sodium benzoate, 
13.2% potassium sorbate 
(2 g kg-1) 

62% reduction in ethanol, 
88% in ethyl acetate, 50% in 
ethyl lactate 

 

 

Effects of other management practices are less clear. High compaction of silage (i.e., attaining a high 
density) has been suggested as an important means for reducing VOC emission (Mitloehner and 
Cohen 2016). In general sufficient silage density is important for producing high-quality feed. And 
while lower gas-filled pore space will reduce transport of VOC to the exposed silage face (Hafner et al. 
2012), the effect on total silage VOC emission is probably small, since feeding and not storage or 
feedout is thought to be the major route of VOC loss (see Emission pathways section above). 
Moreover, production of both ethanol and ethyl esters has been found to be higher in compacted 
areas within bunker silos in Germany (Weiß et al. 2015) and pilot-scale experiments have shown an 
increase in response to higher compaction (Brüning et al. 2018). The most recent pilot-scale study 
with maize found higher acetate, ethanol, ethyl lactate and ethyl acetate in the high density treatments 
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but similar levels of methanol and 2-butanol between high and low density (Brüning et al. 2018). 
Overall these results suggest that high density may minimize respiration of sugars, providing more 
substrate for yeasts to produce ethanol in maize silages, where fermentation by LAB is more likely to 
be limited by low pH. Whether this holds true in silages where LAB fermentation is more likely to be 
limited by sugar availability needs to be studied. 

Delayed sealing has long been associated with an increase in spoilage microorganisms including 
yeasts. For a delay in sealing of 16 to 24 h, Weiß et al. (2016) found no consistent effects across three 
trials in maize silage on ethanol, ethyl acetate and ethyl lactate. Recently, Brüning et al. (2018) studied 
delays in sealing of 2 and 4 d in maize silage. Both delayed sealing treatments increased ethyl lactate 
and ethyl acetate and decreased methanol and 2-butanol compared to immediate sealing. Ethanol 
was unaffected by the sealing treatment. More research in this area is needed and may be useful in 
uncovering the sources of some VOC. However, from a practical perspective, these results provide an 
additional reason for farmers to promptly seal silage piles and bunkers. 

 

Conclusions  

Numerous volatile organic compounds (VOC) are produced by yeasts and bacteria during ensiling, 
and together these compounds make a significant contribution to VOC emission in the US and EU. 
Silage VOC emission is probably equivalent to > 5% of all other anthropogenic sources in both the US 
and EU. In some areas with high silage production, its contribution to VOC emissions are undoubtedly 
larger than national or continental averages, perhaps by an order of magnitude. However, uncertainty 
in emission estimates is high. Conversely, these is less uncertainty about how VOC emission can be 
reduced. Chemical additives that inhibit yeasts have the potential to cut silage VOC emission in half. 
With some exceptions, this topic is not receiving much attention by researchers. Research needs 
include: 

�x Development and testing of new, more accurate, methods for measuring VOC emission from 
silage or whole farms 

�x Accurate measurements of VOC emission on farms under a range of conditions 
�x Quantitative assessments of the contribution of silage VOC emission to air pollution for 

specific locations based on a combination of emission and atmospheric chemistry models 
�x Identification and quantification of VOC production pathways through application of molecular 

biology tools 
�x Evaluation of VOC-reducing silage additives from multiple perspectives (VOC, animal health 

and milk yield, economy) under diverse conditions  
�x Assessment of management practices other than use of silage additives on VOC emission 
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Introduction Climate related trace gases are a well discussed topic in agricultural animal husbandry 
and slurry application to the soil. Formation of emissions associated to the upstream and downstream 
sectors are mostly neglected. Measurements of climate relevant gas formation by animal or silage are 
rare. Therefore, this study dealt with the course of gas formation during the process of ensiling under 
anaerobic conditions with focus on formation of methane (CH4) and nitrous oxide (N2O) immediately 
after exclusion and depletion of oxygen. Furthermore, the influence of forage type and dry matter (DM) 
concentration were part of the investigation. 

Material and Methods  Grass (GS) and lucerne (LS) were ensiled at two different levels of DM. Both 
were produced from a second cut and were cut on an evening in May 2017 and wilted overnight. 
Additionally, the forages were dried in the next morning on a prepared ground for different lengths in 
the sun. The more wilted material was four hours longer dried (LD) than the only wilted (W) material. 
Forages were stored anaerobically in 120-L plastic barrels (n = 3 per treatment). During filling the 
barrels, density was considered via pressing force of a hydraulic press. Furthermore, filling of fresh 
matter was regulated and controlled by the filled forage mass and the known volume of the barrels. 
Subsequently, the barrels were closed with a lid and a rubber septum for gas sampling with a double 
needle and evacuated glass vials. Ensiling time was seven weeks (49 d). There was a constant 
temperature of 23.7 ± 1.4°C during storage of the silage barrels in an experimental room. The 
measuring interval was 30 min in the first 12 h and decreased to 2 h afterwards in the first 2 days, up 
to each 2 days over the period of 49 days. The concentrations of carbon dioxide (CO2), CH4 and N2O 
in the glass vials were analysed by gas chromatography (GC-ECD/FID) (Schmithausen et al. 2018). 
Table 1 shows the DM concentration and the labelling of the used silages.  

Table 1 . The dry matter (DM) content of the forages ensiled in 120 l barrels (n = 3 per treatment) 

Variant Material per barrel  DM content (%) Density per m³ (kg m-3) 

GS W Grass silage (wilted) 24.0 ± 2.2  170.0 

GS LD Grass silage (longer dried) 30.6 ± 1.5 185.8 

LS W Lucerne silage (wilted) 23.2 ± 0.3 156.7 

LS LD Lucerne silage (longer dried) 25.5 ± 0.5 134.2 

DM: dry matter 

 

Results and Discussion The concentration of CO2 increased within the first 12 h after silo closure up 
to 50%. After 24 h until 30 h the CO2 concentration increased to 80% to 90% and even up to 100% 
after 48 h. Therefore, after the first hours CO2 concentration was outside the measuring range of the 
GC and had to be deluted for analysis. Figure 1 shows the course of CO2 concentration during 
approximately one day. There are no differences between GS and LS. However, the substrate with 
higher DM (dashed line) appears with lower CO2 concentration. 
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Figure  1. Average CO2 concentration in 120 l barrels with lucerne (LS) and grass (GS) over the time. 

The CH4 concentration showed a small increase within the first 2 d up to 5-6 ppm following by a 
decrease to 1 ppm. Later on there was a strong increase in CH4 concentration up to 100 ppm for LS 
beginning on d 10 (Figure 2, left, dashed line). The GS showed no increase in CH4 concentration. 
Between day 30 and 40 a low CH4 concentration of 2 ppm was measurable for GS. 

A remarkable increase in N2O concentration within the first 5 d up to 1,200 ppm was measured 
(Figure 2, right). After that a decrease in the N2O concentration until d 30 with a constant value 
between 50 and 300 ppm appeared. Spoelstra (1985) also described formation of N2O during ensiling 
by anaerobic activity of Enterobacteriaceae species at the beginning of ensilage. A higher DM content 
results in increasing N2O concentrations. A reason could be less CO2 formation at the beginning and 
consequently less suppression of N2O by CO2. The GS shows higher N2O concentration than LS and 
the level remains higher for GS up to the end.  

Figure  2. Average CH4 (left) and N2O (right) concentration in 120 l barrels with lucerne (LS) and grass 
(GS) over the time. 

The gas measurements showed remarkable concentrations of N2O. Such a formation of N2O during 
the process of ensiling can lead to further outgassing after opening and feeding of the silage. 
Subsequent N2O emissions determined from a ruminant animal can originate from the forages eaten 
by the animal. Possibly the formation of CO2 provides a dilution of the N2O concentration during the 
first 10 days. Simultaneously N2O decreases and remains constant while CO2 production is decreased 
by the ongoing ensiling process.  

Conclusion Formation of N2O takes place at the beginning of the ensiling process and N2O remains a 
long time in the silage and is latest released during opening of the silage. The level of N2O 
concentration is comparable to other investigations. The courses of CO2, CH4 and N2O concentration 
show no similarities, such that the formation of these gases must be completely separate processes. 
Further research on the amount of gas formation would be instructive. 
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Introduc tion  The formation of a whole spectrum of gases occurs during the ensiling process. The 
formation of gases is undesirable, because it is often a sign of undesirable processes in silages, and 
causes concern about the impact on the global environment. The objective of the study was to 
investigate nitrate degradation and gas formation from silages treated with a silage additive based on 
Na-benzoate, K-sorbate and Na-nitrite and compare with untreated and lactic acid bacteria inoculated 
silages with particular focus on NO formation.  

Materials and Methods  A clover-grass ley (52% grasses) was harvested with lye and shortly wilted 
on Juli 10th 2016, nearby Uppsala. The forage was chopped, mixed with a suspension of Clostridium 
tyrobutyricum viable spores at the rate of 1 x 105 per g fresh forage (FF) to create difficult ensilable 
crop  and divided in three fractions. One was left untreated and served as control, while the rest was 
treated with either of two silage additives; one with a bacterial inoculant (Lactococcus lactis, 
Lactobacillus buchneri) at the rate of 250000 colony-forming units/g FF, and the second one with 
Safesil Challenge (Na-benzoate, K-sorbate, Na-nitrite) at the rate of 3 L/ton FF. Forages were ensiled 
in triplicates 1.7 L laboratory glass silos for 98 days and in steel laboratory silos (25 L) for 7 days. 
Glass silos were aerated weekly for 2 hours. Two forms of gas collection were applied. The Automatic 
Methane Potential Test System II (Bioprocess Control AB, Sweden) was used to measure total gas 
production from glass silos. Steel silos were used to collect escaping gases into Tedlers bags 
(Supelco) for gas determination. Measurements of gas composition was provided by mobile gas 
analyzer Optima 7 (MRU GmbH in Neckarsulm, Germany). The analyzer determined the 
concentrations of O2, CO, NO, NOx, and gas temperature. Gas measurement was performed during 
the first 7 days of storage. After the storage, the same analyses were performed to determine silage 
quality as described by Knicky and Spörndly (2009). 

Results  The wilting resulted in forage dry matter (DM) content 34.2%, and crude protein and WSC 
concentrations of 13.3% and 9.9% of DM respectively. The content of nitrate in forage was 3 mg/kg 
DM. All additive treated silages were found to have a lower silage pH and ammonia-N but higher 
concentration of lactic acid (Table 1).  

Table1.  Chemical composition of silages after 98 days of storage (n=3). 

Treatment 
DM 
 

pH 
  

NH4-N*  
 

NO3-N NO2-N Lactic 
acid Acetic acid 

Butyric 
acid 

 %  % of TN mg/kg DM % of DM  
Control 30.8 5.4 14.5 10.5 0.0 0.4 1.9 2.2 
S.Challenge 33.5 4.7 8.3 15.1 1.4 4.8 1.3 0.0 
Bacteria 32.4 4.7 9.1 2.0 0.1 2.3 4.2 1.7 
LSD0.05  0.04 0.49 3.07 0.58 0.32 0.35 0.28 
P-value  0.001 0.001 0.001 0.001 0.001 0.001 0.001 

 

Bacterially inoculated silages had lower formation of butyric acid than control but higher than chemical 
additive. Concentrations of nitrate and nitrite were remarkably lower in control silages than in Safesil 
Challenge treated silages during the whole period (Figure 1). The concentration of nitrite-N displayed 
reduction shortly after ensiling with considerable decrease after 72 hours of storage in Safesil 
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Challenge treated silages (Figure1). Results of gas measurements revealed the lowest formation of 
gases in Safesil Challenge treated silages from 4th hour of ensiling to the end of measurement.  

  

Figure 1 . Nitrate-N and nitrite-N formations in silages during 98 days of storage (n=3). 

The total gas formation in Safesil Challenge treated silages was 4 times and 5 times lower than in 
bacterially treated and control silages, respectively (Figure 2). Gas composition displayed a 
significantly higher formation of NO and NOx gases in Safesil Challenge treated silage (3051ml NO 
and 2907ml NOx per silo ) while formation of these gases in control silage was negligible during the 
whole measuring time (11ml NO and 10ml NOx per silo ). 

 

Figure 2. Development of total gas formation in silages over the period of 7 days of storage (n=3). 

Discussion The present study confirmed the importance of nitrate for a successful ensiling process. 
In agreement with Hein (1970) that ensiling of forages with low nitrate content often results in silages 
with high butyric acid contents, a low content of natural nitrate in the present crop was probably one of 
the factor causing butyric acid formation in control and bacterially treated silages. On the contrary, 
silages treated with Safesil Challenge containing Na-nitrite were free of butyric acid. The rate of nitrite 
disappearance in Safesil Challenge silages is in agreement with a previous study (Knicky and 
Spörndly 2009). It is also assumed that the higher nitrate content in Safesil Challenge silage at the 
end of storage than at the beginning of fermentation was caused by chemical conversion of added Na-
nitrite to nitrate (McDonald et al. 1991). Differences in gas formation could be explained by differences 
in fermentation intensity and variation in bacterial composition among the silage treatments. A high 
gas formation in bacterially treated silages is assumed to be a consequence of addition of bacterial 
microflora which intensified the fermentation process. On the other hand, Safesil Challenge possesses 
a rather selective inhibitory property which restricts particularly undesirable fermentation processes. 
As the fresh forage was practically free of natural nitrate, the formation of NO and NOx gases in Safesil 
Challenge treated silages was the consequence of Na-nitrite degradation present in Safesil Challenge.  

Conclusions Ensiling of low nitrate content forage resulted in butyric acid formation in silages while 
the addition of a chemical additive based on Na-benzoate, K-sorbate and Na-nitrite prevented that. 
Total gas formation was significantly reduced in Safesil Challenge silages and it was associated with 
increased NO and NOx presence in the gas composition. 
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Introduction  The end of the sugar quota system in the EU by 2017 may go along with increasing 
availability and decreasing market prices of sugar beets. Thus, an alternative use as farm grown feed 
was tested. Sugar beets can be stored in clamps during the winter time. However, when it is getting 
warmer in spring, sugar beets tend to spoil. Thus it should be evaluated in terms of losses and silage 
quality which partners would be apt to ensile broken sugar beets with to absorb the effluent and to 
serve as appropriate ruminant feed. It was hypothesized that there exist mixing partners which are 
especially suitable to reduce the loss of mass during ensiling.  

Materials and Methods  Two laboratory scale ensiling experiments were performed in March and in 
April 2017 with beets stored in a clamp. The mixing partners were selected based on their availability 
at that time of the year and their contribution to either fibre or protein complementation (Table 1). The 
ratio was calculated derived from the water holding capacity of the mixing partners determined before, 
adapted from Barsnick (2003) and the amount of effluent to be expected from the sugar beets. Two 
elevated percentages of grass silage (30 %) and grass hay (10%) were included as considered for on-
farm solutions. Pieces of unwashed pure sugar beets and eight mixtures (Table 1, treatment 
abbreviations used from here on) were ensiled in quadruplicates in modified Rostock Model Silos 
(Hoedtke and Zeyner, 2011), i.e. a double layer of vacuum bags, where effluent could drain off in a 
closed system. Silos were opened after 2 months of anaerobic storage and silages evaluated for 
sensory and chemical quality parameters, including volatile organic compounds (Weiß et al., 2016) for 
the ensiling in March. Aerobic stability was assessed according to Honig (1990). Descriptive statistics 
and univariate analysis with post hoc Tukey HSD test were performed using SPSS (Version 19). 

Table 1.  Ratio of sugar beet (SB) to mixing partner (in % fresh matter, FM) and proximate constituents 
in silages (g/kg DM) 

Treatment  SB Partner  Description  Crude ash  Crude protein  Crude fibre  
SB 100.0 0.0 Pure sugar beet 240.9 57.6 53.5 
Hay10 90.0 10.0 Grass hay (85 % DM) 160.0 63.6 135.3 
Hay4 95.6 4.4 Grass hay (85 % DM) 171.5 61.2 93.5 
Sil30  70.0 30.0 Grass silage (53 % DM) 208.4 87.5 143.5 
Sil7  93.0 7.0 Grass silage (53 % DM) 222.4 66.6 77.9 
BP 88.8 11.2 Pressed sugar beet pulp 222.5 60.1 70.8 
FP 91.4 8.6 Field pea. coarsely ground 163.9 95.3 61.9 
RM 93.8 6.2 Rapeseed meal 185.1 121.6 71.8 
STR 96.7 3.3 Straw. finely shredded 231.3 53.8 90.9 

SEM 9.61 0.98 1.57 

 

Results  During the initial phase of the ensiling in March an extreme gas production was observed in 
general. Resuming both trials, the fresh matter (FM) losses ranged between 4.6-9.4%, dry matter 
(DM) losses averaged 15%, SB being at the upper end and combinations of Sil30 or of Hay10 or Hay4 
resp. at the lower end (Table 2). This corresponded also mostly to the effluent losses where 
additionally RM at 6% or STR at 3 % of FM proved as efficient absorbents. The fermentation quality of 
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concentration in milk. Esters occurring in products of dairy cows seem to originate from synthesis in the 
udder or synthesis during the ripening process of cheese. Alcohols, on the other hand, can have effects on 
milk composition (Raun and Kristensen 2012) and milk flavour (Randby et al. 1999) already in low 
concentrations, as shown for ethanol and propanol. For ketones, a direct transfer from silage to milk seems 
probable as increased ketone concentrations in silages resulted in higher concentrations in milk (Villeneuve 
et al. 2013). Some ketones have also shown to influence milk flavour. Cheese: The results of VOC effects 
on cheese composition are equivocal and difficult to interpret. Many VOC occurring in cheese are formed 
during ripening such that a transfer from forage to product is difficult to track, as described for aldehydes, 
esters and carboxylic acids. Volatile fatty acids in cheese, for example can be a product of lipolysis during 
ripening or of carbohydrate fermentation by lactic acid bacteria (Verdier-Metz et al. 1998). For alcohols and 
ketones there is a lack of literature with regard to cheese quality. Ketones are important with regard to the 
flavour of cheese and can be found in different kinds of cheese in a broad variety; however, in most cases 
their origin is still unclear (transfer from forage, synthesis by rumen microbes or ruminant, synthesis during 
milk production or cheese ripening). 

Conclusion The VOC occurring in silages are very diverse regarding their chemical structure and also 
regarding their impact on the metabolism of ruminants and ruminant product quality such they have to be 
considered separately. Major VOC in silages have been studied in literature but for most of the numerous 
other products the knowledge on their formation and mode of action in ruminants is limited. 
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Abstract  

Due to an increasing competition between humans and livestock animals for food sources, an 
inefficient utilization of grains as food or feed can be considered as a rising problem worldwide. By-
products of the food industry generally comprise a high amount of dietary fibre. This, however, 
reduces the nutrient digestibility and hence impairs nutrient efficiency in monogastric animals. 
Currently, different methods of feed pre-treatments are known to improve feed efficiency and warrant 
sustainability in pig and poultry production systems. To compensate for poor feed efficiency, 
pretreatment technologies such as fermentation can be applied. Fermentation with bacteria or fungi 
can degrade dietary fibre, improve the bioavailability of minerals and reduce the pH value in feed and 
the digesta in the gastro intestinal tract. Furthermore, fermented feedstuffs are known for their 
prebiotic, antimicrobial and antioxidant properties. As fermentation lowers the pH of the feedstuff the 
intestinal microbial and physiological balance can be improved, and the gut immune system can be 
stimulated by an improved barrier function of the gut. Additionally, the application of fermented feed is 
positively correlated with the main zootechnical performance parameters, resulting from improved 
nutrient digestibility and reduction of anti-nutritional factors. Thus, fermentation of feedstuffs and and 
in particular fibre rich industrial by-products for pigs and poultry is of rising interest, as it enables 
innovative end-use strategies as an animal feed compound.  

 

Introduction  

The use of side-streams accumulating in the food industry as feedstuffs comprises a future-oriented 
and sustainable approach for an economically and ecologically practicable handling of resources. 
Hence, owing to volatile prices for feedstuffs, the use of by-products as feedstuffs but also 
conservation and valorization strategies have become of major interest for animal production systems. 
The biodegradation of anti-nutritional factors in cereals or by-products via fermentation further enables 
innovative end-use strategies as an animal feed compound.  

Fermentation can be considered as a metabolization of organic material by bacteria, fungi or a 
combination of both (Madigan et al. 2003). Generally, fermentation is a dynamic process aiming to 
degrade starch and sugar to lactic acid, alcohol, methane, carbon dioxide and short chain fatty acids 
(SCFA). However, depending on the water content included in the fermentation process, a more or 
less pronounced energy loss of the substrate can be expected (Pieper et al. 2011, Humer et al. 2013, 
2014). From an agrarian point of view, fermentation can be commonly used to improve storage quality 
or nutrient utilization of feed (Humer and Schedle 2016). Through fermentation with bacteria and fungi 
dietary fibre can be disintegrated and bioavailability of minerals can be improved by degrading anti-
nutritional factors such as phytate or specific proteins (Feng et al. 2007, Canibe and Jensen 2012, 
Humer and Schedle 2016). Moreover, fermented feed can improve the intestinal microbial and 
physiological balance, stimulates the gut immune system and improves the barrier function of the gut 
by lowering the gut pH (Niba et al. 2009). In agriculture, a popular and widely used kind of feed 
conversation is ensiling. The advantages of this process are beside an improvement in nutrient 
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Fomitella fraxinea, Flammulina velutipes, Ganoderma lucidum, Cordyceps inensis and Cordyceps 
militaris can be source of bioactive substances, modulating animal health status (Bederska-Lojewska 
et al. 2017). Moreover, oyster mushroom waste or by products fermented with mushrooms possess 
antioxidant and prebiotic properties (Bederska-Lojewska et al. 2017, Xu et al. 2018). White-rot fungi, 
such as Pleurotus sp, are capable of degrading agro-industrial by-products comprising lignocellulose 
via their enzymes such as laccases, lignin- and manganese peroxidase, mannase and xylanase 
(Castoldi et al. 2014, Elisashvili et al. 2008). Previously, it has been reported that solid-state 
fermentation of wheat bran using Pleurotus eryngii or Pleurotus ostreatus can decrease NDF content, 
viscosity and phytate content and can therefore be recommended as an appropriate valorization 
strategy for fibre rich by-products (Wanzenböck et al. 2017). In a further study, a solid-state 
fermentation of wheat bran for 12 days using white rot fungi resulted in increased laccase and 
manganese peroxidase activity and higher concentrations of quercitin, phenolics and crude 
polysaccharides, which is associated with lignin degradation (Wang et al. 2017). In this respect, a 
fermentation of soybean meal with Aspergillus oryzae resulted in higher crude protein, ash and crude 
fat contents (Fard et al. 2007). However, to date, the number of studies examining the effect of solid-
state fermentation using fungi is still very limited and future studies will be necessary to evaluate the 
effect of feed fermentation with various fungi species.  

 

Fermented feed in diets for pigs  

In pig production, feeding fermented liquid feed is a technique mostly used in several northern parts of 
Europe (e.g. Denmark, north Germany). Thus, feed is produced by a fermentation of solid substrates 
mixed with water at certain temperatures for a certain time. The process is performed with or without 
adding starter cultures and mostly lactic acid bacteria (Lactobacillus paracasei, Lactobacillus 
plantarum and others), yeasts, such as Candida milleri, Kazachstania exigua, Candida pararugosa 
and Kazachstania buderi and Enterobacteriaceae are involved (Gori et al. 2011, Kraler et al. 2014). In 
other parts of Europe (south Germany, Austria), ensiling of whole maize or cereal grains is a common 
used technique for storage of wet maize or cereals. Studies hitherto undertaken showed that such 
fermented feed stuffs like maize or wheat bran in diets for pigs improved nutrient digestibility and 
hence performance (Humer et al. 2013, Humer et al. 2014, Humer and Schedle 2016, Gori et al. 2011, 
Kraler et al. 2014). Generally, fermentation of animal feed can improve the apparent ileal digestibility 
(AID) of dry matter, organic matter, crude fibre, ash, phosphorus, calcium and energy in pigs 
(Jørgensen et al. 2010, Kraler et al. 2014). As a result, a modification of the intestinal physiology 
(microbiome, microbial metabolites, intestinal morphology) was observed (Humer et al. 2014, Kraler et 
al. 2015). Jakobsen et al. (2015) reported that a fermentation of dried distiller grains with solubles 
(DDGS) comprising of 80% wheat and 20% barley can improve AID and apparent total tract 
digestibility (ATTD) of nutrients when administered to pigs. A diet containing 60% fermented DDGS 
can increase the AID of non-starch polysaccharides from 7.7% to 15.6% and the ATTD from 58.0% to 
60.2%. Furthermore, dry matter, crude protein and phosphorus digestibility was enhanced by the 
supplementation of fermented DDGS. In the aforementioned study using fermented DDGS in pigs´ 
diets, no effects on Enterobacteriaceae counts in ileum and distal colon/faeces were observed. 
However, higher lactic acid bacteria counts, presumably originating from the fermented feed in the 
small intestine and lower counts in the colon/faeces were observed (Jakobsen et al. 2015). In 
accordance with those findings Canibe et al. (2007) also observed reduced lactic acid bacteria counts 
in the colon and no effect on Enterobacteriaceae in the gut, resulting from fermented liquid feed or 
fermented grain. This effect may be due to an absence of low molecular weight carbohydrates in the 
gut and is further supported by lower concentrations of SCFA in the middle colon of piglets fed with 
fermented feed. The same study revealed that the Lactobacillus delbrueckii ssp bulgaricus count was 
reduced in the stomach due to fermented feed supplementation. Furthermore, Clostridium perfringens 
and Clostridium lituseburense counts increased in the middle colon due to supplementation with 
fermented feed. However, the pathogenicity of clostridia varies with the strain and its effect on animal 
health is not predictable (Canibe et al. 2007). Moreover, the supplementation of pigs´ diets with 15% 
fermented wheat bran seems to promote the growth of beneficial bacteria like lactobacilli in the gut 
and fermentation of wheat bran may possess the ability to modulate the gastrointestinal microbiota 
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Introduction In recent years, there has been an increasing demand throughout the world for 
alternative energy crops for biogas. Over the last few years, a growing interest in thistle (Cynara 
cardunculus L.) has been observed, since it produces a large amount of biomass, even when the 
plants are provided with minimal inputs, which allows the crop to be grown on lands not usually used 
for cropping (Pari et al. 2017; Pesce et al. 2017). One critical point of alternative sources of biomass 
for biogas production, such as thistle, concerns their ability to well ferment and to be conserved as 
silage. The aim of this work was to evaluate the microbial and fermentation quality and the aerobic 
stability of thistle silage harvested at two different stages of maturity, and treated or not with a lactic 
acid bacteria (LAB) inoculum. 

Material and Methods Two trials were conducted on thistle, harvested as a whole plant, at two 
different growing stages. The fresh forage was untreated (C) or treated with a mixture of L. buchneri, 
L. plantarum, and L. casei (L) [(theoretical application rate of 300,000 colony-forming units (cfu)/g 
fresh matter (FM)]. The forages were ensiled in 20-L plastic silos at a density of 716±24 and 378±20 
kg/m3 FM for stage I and II, respectively, and opened after 160 and 320 d of ensiling. At opening, the 
silages were analysed for dry matter (DM) content, pH, fermentative profile and microbial counts [lactic 
acid bacteria (LAB), yeast and mould]. The DM content was determined at 60°C for 72 h. The 
fermentative products were determined in the acid extract by HPLC. The microbial counts were 
determined using the pour plate technique on MRS and YGC agar, for LAB and for the yeast and 
mould, respectively. The weight losses due to fermentation were calculated as the difference between 
the weight of the forage placed in each plastic silo at ensiling and at the end of conservation, and were 
expressed on a DM basis. After each opening, silages were subjected to an aerobic stability test by 
continuously measuring the temperature during exposure to air. Aerobic stability was defined as the 
number of hours the silage temperature remained stable before increasing more than 2°C above room 
temperature. Data were analyzed for their statistical significance, via analysis of variance, using the 
GLM of SPSS (v. 24 for Windows, SPSS Inc., Chicago, IL). The data were analysed utilizing the 
treatments (T) and harvesting stage (S) as the fixed factor, with three replicates. 

Results and Discussion  The chemical and microbial characteristics of the thistle herbages, prior to 
ensiling, are reported in Table 1. The DM content at harvest was 24% (wet) and 45% (dry) for 
harvesting stages I and II, respectively. The buffering capacity was higher for the wet forages than for 
the dry ones, and no differences were found for the microbial counts. Fermentative profile, microbial 
counts, aerobic stability and weight losses of silages, after 160 and 320 d, are summarized in Table 2. 
The use of LAB inoculum did not influence many of the parameters at 160 or at 320 d of ensiling. The 
harvesting stage affected the fermentative profile to a great extent. Lactic acid was 7 and 10 times 
higher in wet silages than in dry ones for 160 and 320 d, respectively. Acetic acid was around 20 g/kg 
DM and 32 g/kg DM for wet and dry silages, respectively. This resulted in a higher lactic-to-acetic ratio 
than 3 in wet silages and lower than 1 in dry ones. Pari et al. (2017) found that the lactic acid ranged 
from 9 to 14 g/kg DM and acetic acid ranged from 10 to 19 g/kg DM in 35% DM thistle silages. The 
different lactic-to-acetic ratio determined the different yeast counts, which reached lower values in dry 
silages. A larger amount of ethanol (>43 g/kg DM) was found in wet silages than in the dry ones (<2 
g/kg DM), with a significant interaction with the treatment, thus confirming a possible yeast activity 
during early phase of fermentation. The weight losses due to fermentation were influenced by the 
treatment and harvesting stage, and reached around 6% and 2% for wet and dry silages, respectively. 
During ensiling, the LAB count remained higher than 7 log10 cfu/g in all dry silage treatments, whereas 
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it decreased as the ensiling duration increased in the wet silages. Despite the lower amount of LAB in 
wet silages, the fermentative products indicated a dominant lactic fermentation, probably because of 
the LAB fermented sugars in early stages of fermentation. The yeast count decreased during 
conservation, and this reduction improved aerobic stability in both wet and dry silages. Aerobic 
stability was 4 times higher in the dry than in the wet silages after 320 d. The higher the aerobic 
stability, the lower the yeast count, as previously reported for other forage crops (Kleinschmit and 
Kung, 2006). 

Conclusion  Thistle silage seems to represent a good opportunity for use as an energy crop for biogas 
production. The main factor that affects the fermentation quality appears to be the harvesting stage. 
Low DM content silages produced large amounts of fermentative products, but were characterized by 
high weight losses during fermentation and low aerobic stability. Dry thistle silages with low lactic-to-
acetic ratios showed reduced yeast counts and improved aerobic stability. Further investigations are 
needed to evaluate the biogas production of these silages. 

Table 1.  The chemical and microbial characteristics of the thistle herbages prior to ensiling. 

Parameters*  Stage I  Stage II  
DM (%) 24.3 ± 0.15 45.2 ± 3.46 
pH 6.06 ± 0.16 6.83 ± .012 
Water activity (aw) 0.996 ± 0.002 0.981 ± 0.003 
Nitrate (mg/kg) 491 ± 177 578 ± 310 
Buffering capacity (mEq/kg DM) 129 ± 8 71 ± 9 
Yeast (log10 cfu/g) 6.43 ± 2.06 6.14 ± 0.13 
LAB (log10 cfu/g) 7.84 ± 0.70 7.98 ± 0.47 
* The values represent the mean of 6 replications ± SD. DM = dry matter, LAB = lactic acid bacteria. 

 

Table 2. Fermentative profile, microbial count and aerobic stability of thistle silages. 

Parameters*    Stage I   Stage II      
d  C L  C L Treat  Stage T*S SEM 

DM (%) 160  20.6 22.1  44.7 43.1 NS *** NS 3.44 

 320  22.1 22.4  44.1 42.2 NS *** NS 3.00 
pH 160  4.13 4.11  4.90 4.78 ** *** NS 0.110 

 320  4.14 4.07  4.74 4.72 NS *** NS 0.091 
Lactic acid (g/kg DM) 160  77.3 68.5  8.6 11.1 NS *** NS 9.76 

 320  55.4 61.3  6.6 6.2 NS *** NS 7.59 
Acetic acid (g/kg DM) 160  21.5 18.4  31.6 32.9 NS *** NS 2.076 

 320  18.4 19.5  31.7 35.2 NS *** NS 2.26 
Lactic-to-acetic ratio 160  3.7 3.7  0.3 0.4 NS *** NS 0.521 
 320  3.0 3.1  0.2 0.2 NS *** NS 0.420 
Ethanol (g/kg DM) 160  49.5 43.7  0.7 1.4 NS *** NS 6.85 
 320  58.5 55.4  0.6 1.7 * *** * 7.94 
LAB (log10 cfu/g) 160  5.58 5.34  7.21 7.61 NS *** NS 0.305 

 320  3.91 3.30  7.06 8.04 NS *** * 0.841 
Yeast (log10 cfu/g) 160  5.53 5.32  1.06 1.35 NS *** NS 0.679 

 320  3.03 1.50  1.73 1.46 NS NS NS 0.301 
Aerobic stability (h) 160  64 69  54 125 NS NS NS 14 

 320  113 134  391 >478 NS *** NS 48 
Weight losses (% DM) 160  6.05 5.87  1.97 1.95 NS *** NS 0.604 
 320  6.65 5.96  2.23 2.21 *** *** *** 0.593 
* d =day of ensiling; DM = dry matter; L = lactic acid bacteria inoculum; LAB = lactic acid bacteria. 

References  

Kleinschmit, D.H. & Kung L. (2006) A meta-analysis of the effects of Lactobacillus buchneri on the 
fermentation and aerobic stability of maize and grass and small-grain silages. Journal of Dairy 
Science, 89, 4005-4013. 

Pari, L., Alfano, V., Mattei, P. & Santangelo, E. (2017) Pappi of cardoon (Cynara cardunculus L.): The use 
of wetting during the harvesting aimed at recovering for the biorefinery. Industrial Crops & 
Products, 108, 722-728. 

Pesce, G.R., Negri, M., Bacenetti, J. & Mauromicale, G. (2017). The biomethane, silage and biomass yield 
obtainable from three accessions of Cynara cardunculus. Industrial Crops & Products, 103, 233-
239.  



Fermented Feeds for Non-Ruminants 

92  XVIII International Silage Conference 

Impact of cultivar, maturity stage and storage period on fermentation quality of 
wet sorghum seeds  
 

R. Resch1, M. Schweiger1, R. Schmied2 
1AREC Raumberg-Gumpenstein, Irdning-Donnersbachtal, Austria, reinhard.resch@raumberg-
gumpenstein.at  
2Agricultural chamber of Styria, Graz, Austria  

 

Keywords : hermetic silo, sorghum silage, volatile organic compounds, wet sorghum seeds 

 

Introduction  Austrian pig fattening farmers are looking for alternative crops instead of maize, like 
sorghum (sorghum bicolor), because increasing problems arise with western corn root worm 
(Diabrotica virgifera Le Conte) and, subsequently, with governmental regulation of crop rotation. 
Sorghum is an appropriate crop for pig feeding (Puntigam und Wetscherek 2013), but there is little 
experience in conservation of wet sorghum seeds to silage via hermetic silo (Resch 2016). Analysis of 
relevant sorghum cultivars at different maturity stages was determined to collect data of nutrients and 
fermentation quality during the storage period of eleven months, because farmers and consultants of 
Austrian agricultural institutions need valid results for recommendations to optimal practice.  

Materials and Methods  Wet sorghum seeds of two different sorghum cultivars (Targga, Baggio) and 
three maturity stages (early [24th Sept. 2014], moderate [3rd Okt. 2014] and late [10th Okt. 2014] 
degree of seed ripeness) were harvested at the Styrian research station Hatzendorf (46°58'52.2''N and 
16°00'13.1''E) and filled in hermetic lockable 60 litre laboratory barrels. All variants were replicated 
three times. To ensure equal storage conditions the barrels were transported to AREC Raumberg-
Gumpenstein and kept there at an average room temperature of 24 °C. Sorghum silages were 
sampled (mixture of different depths) and analysed by wet chemistry standard methods (VDLUFA 
1976) at three different dates during length of storage (4th Feb. 2015, 4th May 2015, 7th Sept. 2015). 
Dry matter (DM) of silages was corrected by method of Weißbach und Strubelt (2008). Data analysis 
was executed by software SPSS (version 22). Factor effects were tested via Anova and Tukey-HSD 
test. Interactions between factors were analysed by GLM (General Linear Model). 

Results We observed significant differences in DM-content and nutrients (protein, starch, sugar) 
between maturity stages as well as between cultivars. Silage of wet sorghum seeds did not obtain 
stable pH-level beneath 5.0. Regarding high ethanol contents, a dominant alcoholic fermentation (55 
to 85% of metabolised products) was detected (Table 1).  

Consequently, the fermentation process continued during storage period. The average losses of DM 
were 0.2 to 5.2% depending on DM-content and date of sampling; starch losses went up to maximal 
8.7%. Depending on increasing moisture of the wet sorghum seeds fermentation products and 
fermentation loss increased, as well. Reduction of protein, depending on the production of ammonia 
(NH3), reached a maximum of 4.9% of total N. However, after eleven months of storage under 
hermetic-sealed conditions, silage of wet sorghum seeds showed persistent changes of fermentation 
parameters, indicating suboptimal silage stability. Results of interactions showed a significant impact 
of DM-content to some fermentation parameters. We partly found strong correlations between 
fermentation parameters and DM-content resp. storage length (Resch et al. 2017).  

 

 

 

 

 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































