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ABSTRACT Ad libitum feeding of diets rich in crude fibre reduces stereotypies and 
improves saturation in pregnant sows. In this study this feeding system and its 
implications on the amount and quality of manure were observed. It results in high 
requirements for manure management e.g. flushing of manure pits. There was 1.5 times 
more manure after feeding a non-rationed diet, based on whole crop wheat silage. In 
addition, thicker floating layers (+ 200%) were formed and the dry matter content 
(DM content) of the mixed manure was higher (+ 50%) in comparison to control feeding. 
Therefore, the manure pits has to be stirred and flushed more frequently as additionally 
necessary manure management measures. In order to not only consider the daily 
emissions due to the diet rich in crude fibre, the following will deal with the development 
of emissions during these additional management measures. Methane (CH4) emissions 
doubled during flushing compared to the mean of entire trial period (10 weeks). After 
flushing, CH4 emissions decreased by more than two thirds compared to the previous day. 
Ammonia (NH3) emissions were also increased (+ 50%) during stirring and flushing. Ad 
libitum feeding of fibrous diets improves animal welfare. The higher amount of manure, 
the additional manure management measures and the resulting emissions are in contrast 
to it and worsen the animal welfare. In this context, a conflict of objectives arises that can 
only be resolved on a farm individual basis. This study can help to find suitable solutions. 

Keywords: high-fibre feeding, ad libitum feeding, diet rich in crude fibre, silage-based 
diet, gaseous emission 

INTRODUCTION Pregnant sows are often fed with rationed feeding with an feeding place 
ratio of 1:1 either synchronously or individually via electronic feeding stations 
(Ebertz et al., 2018). One alternative is ad libitum feeding, where low-energy and feed rich 
in fibre can be offered for free intake. Up to now, ad libitum feeding has only been used 
very rarely in piglet production in Germany (Ebertz et al., 2018). Advantages of the 
ad libitum feeding strategy are a lower aggressiveness of the sows due to saturation 
(Bergeron et al., 2000; Danielsen & Vestergaard, 2001) and a reduction in the frequency 
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of mastitis metritis agalactia (Kleine, 2012). However, a disadvantage is often a generally 
higher feed consumption, which causes a larger amount of manure (Massé et al., 2003; 
Sievers, 2017). The composition of the manure changes equally through the feeding of 
diets rich in fibre (Kleine, 2012; Massé et al., 2003; Philippe et al., 2015; Preißinger 
et al., 2016).  

In the presented study the additional amounts of manure that are produced by ad libitum 
feeding rich in crude fibre, the differences in its composition and the resulting additional 
effort for manure management are presented. As a rule, the manure must be 
homogenised more frequently when diets contain more fibre (Kleine, 2012; Preißinger 
et al., 2016). This process releases gases such as methane (CH4) (Hilhorst et al., 2001) and 
ammonia (NH3) (Dai & Blanes-Vidal, 2013), which in larger quantities are detrimental to 
animal welfare and possibly dangerous for the people working in the barn (Bachmann 
et al., 2007; Hoy et al., 2016; Wähner & Hoy, 2009). 

 

MATERIALS AND METHODS In the experimental barn (total approx. 1,000 productive 
sows, Danish genetics) the pregnant sows were kept in a test compartment in the novel 
‚SWOF‘ housing concept (Angermann et al., 2018; Ebertz et al., 2017) for up to 200 
animals. The husbandry system is based on the idea that the sows must pass a sorting 
unit on their way to the feeding area. Inside the sorting unit they are evaluated optically 
by a 3D camera regarding their body condition score. According to the desired condition 
development of the respective animal, access to the feeding area A (low-energy ad libitum 
feed) or feeding area B (high-energy ad libitum feed) is granted. In the study the animals 
were fed a diet of barley, wheat and soybean meal mixed with whole plant wheat silage 
as a source of fibre. The feed was fed in both feeding areas via a modified liquid feeding 
system.  

In contrast to the new housing system, sows were supplied with a dry feeding system in 
a control compartment similar to the ‚Quickfeeder‘ (Hoy & Bauer, 2003), as is common 
throughout the farm. Here the sows were kept in groups of 40 - 50 animals. 

The floor areas of the manure channels were determined underneath the partial slatted 
floors before the examination started. At the end of the test periods, the animals were 
removed from the compartments and the volumes of the whole manure, the floating 
layers and the manure stored underneath were determined by measuring the filling levels 
as described at Bohnenkemper and Steffens (2006). Samples of fresh matter were taken 
at six measuring points in order to determine the dry matter contents (DM contents) of 
the individual fractions and of the homogenised manure similar to Ebertz et al. (2020).  

A slatted-floor agitator was used for homogenisation, sampling and discharging the 
manure from the channels (e.g. see Figure 1). The stirring blade can be lowered into the 
channel through the slots of slatted floor manually by means of a rope winch. By driving 
the motor, the manure under the slatted floors is homogenised. In the following this 
process is called ‚stirring‘. The process described was carried out several times in the 
channels concerned until the entire manure was stirred up. In some cases, 
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homogenisation with this method did not work to empty the manure channels completely 
without any further drive. For this reason, an external rotary pump was necessary to 
pump manure into the channels at certain times to provide additional stirring liquid. This 
process is called ‚flushing‘ in the following. 

 

 

Figure 1: Slatted-floor agitator (Buschmann GmbH, 2021) 

 

In order to quantify the NH3 and CH4 emissions during the two processes ‚stirring‘ and 
‚flushing‘, the NH3 and CH4 concentrations (C in g m-3) in the exhaust air of the test 
compartment ‚SWOF‘ were measured by Photoacoustic-Infrared-Spectroscopy (Multi-
Gas-Monitor Innova1412i, LumaSense Technologies A/S, Ballerup, Denmark). In addition, 
the air flow velocity in the exhaust air duct of the compartment was recorded (MiniAir20 
Macro 20 m s-1, Schiltknecht Messtechnik GmbH, Immendingen, Germany), so that the 
average exhaust air volume flow (V in m³ h-1) could be calculated. The resulting emissions 
(EGas in g h-1 LU-1) expressed per hour and livestock unit (LU) were determined as follows 

 

EGas = V * C * LU-1. 
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RESULTS  

Amounts and Characteristics of manure  

The ad libitum feeding of whole crop wheat silage (mixed in diets) provided a higher feed 
intake, as well as a higher resulting amount of manure in the test compartment (approx. 
1.5 times more manure, see Table 1).  

Table 1: Amount and DM-content of manure in test compartment (feeding of whole  
               crop wheat silage) and control feeding (dry feeding with concentrated feed),  
               average values of two observation periods 
 

 

Experimental feeding: 
Whole crop wheat 

silage-, mixed in diet 
Control feeding: dry 

feeding 
Difference to 

control feeding 

Amount of 
manure            

(m3 sow-1 y-1) 
6.40 4.29 +49% 

DM-content in 
manure (%) 

7.04 4.64 +52% 

 

The DM content of the manure increased to 7.04% and was thus about 1.5 times higher 
than in conventional comparative feeding (4.64%). Compared to control feeding, the 
thickness of the floating layers was increased by 200%, which led to problems when 
discharging the slurry.  

Stirring of the manure by means of a slatted-floor agitator (‚stirring‘) was unavoidable in 
the shallow manure channels of the test compartment (depth: 0.5 m) in order to keep it 
flowing and to be able to drain it via pipes (Ø 200 mm). During the test period, the 
channels and pipelines also had to be flushed (‚flushing‘) to keep the system flowing.  

NH3 and CH4 emission during manure management  

During the stirring process of the liquid manure in the channels the NH3 emissions were 
increased by more than 50% for a short time. An increase in CH4 emissions was also clearly 
visible (Figure 2, red squares). 
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Figure 2: NH3 and CH4 emissions while stirring of manure of an example stirring day in  
                         comparison to average NH3 and CH4 emissions of observation period 

 

 

Figure 3: Methane (CH4) emissions of an example flushing day: before, during and after 
                 flushing in comparison to average CH4 emissions of observation period 
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Figure 3 shows the CH4 emissions for an example flushing day. The main flushing times 
were between 8 and 10 a.m. and in the afternoon between 14 and 15:30 p.m. There is a 
strong increase in CH4 emissions by 60% at these times. After flushing, on the following 
day, CH4 emissions were reduced by about half compared to the day before flushing. 

DISCUSSION The group-adapted ad libitum feeding seems promising for the welfare of 
pregnant sows, as described similarly by Angermann et al. (2021). The higher amount of 
manure causes additional costs for storage, transport and any necessary delivery of the 
manure, which can place a financial burden on the individual farm, with regional 
differences. On the other hand, however, advantages stand in the range of the animal 
welfare and the animal health, which are difficult to be evaluated monetarily. 

The DM content in the sows manure determined in the study is comparable to that of 
cattle manure (cf. KTBL, 2012). In a similar study with ‚dry‘ offered maize silage submitted 
ad libitum, even a doubling of the DM content in the sows manure could be determined 
(Ebertz et al., 2020). The higher fibre and DM contents, similar to those described by 
Kleine (2012), Preißinger et al. (2016) and Ebertz et al. (2020) resulted in a stronger 
formation of floating layers as well as blocked slots of slatted floors in the studies with 
silage feeding. In contrast, Lengling et al. (2020) did not observe any deterioration in the 
degree of blocked slots in slatted floors in fattening pigs. The change in faecal consistency 
between sows and fattening pigs could play a role here, despite different legally 
prescribed slot widths in slatted floors. 

Due to the manure management measures and the resulting movement of manure, 
higher emissions of CH4 and NH3, could be observed. VanderZaag et al. (2009) report high 
CH4 and NH3 emission development at the beginning of agitation during storage of 
manure. The flushing of the manure, which is connected with the discharge of manure, 
reduced CH4 emissions by 35% compared to the previous day. This implicates that at least 
35% CH4 is produced from manure. Also Monteny et al. (2001) report 65% of the total CH4 
emitted from manure in animal husbandry. However, the distance between the surface 
of the manure and the slatted floor may also have had an influence on the emission of 
NH3 and CH4 (Haeussermann & Hartung, 2008). Especially the day before flushing, the 
small distance to the slatted floor due to the high filling height will have led to increased 
emissions. 

There are various approaches to reduce the need for labour intensive and emission 
relevant management measures such as flushing and stirring. Kolle (2008) considers 
manure channels of at least 1.8 m depth as a prerequisite for the permanent use of silage 
in the feeding of pigs or sows. Preißinger et al. (2016) suggest the use of underfloor 
scrapers as a possibility for improvement. A change in manure removal management is 
therefore indispensable to make silage processable in pig feeding. Besides these 
disadvantages, the higher DM content has advantages if the manure can be used in biogas 
plants. The higher organic DM content leads to higher biogas yields (Jarret et al., 2012). 
When a silo with silage is available for the biogas plant or at the same time for cattle, the 
highest silage quality at the silo can be used to feed the sows at any time despite lower 
withdrawal quantities. The remaining silage is then used sensibly in the biogas plant. 
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One way to reduce NH3 and CH4 emissions would be to acidify manure. Frequent stirring 
did not lead to increased emissions in the experiment by Overmeyer et al. (2021) because 
their manure was acidified. If more stirring is needed to keep the manure flowable, the 
simultaneous acidification can reduce the resulting emissions. 

CONCLUSION In the presented study ad libitum feeding with silages led to saturated 
animals. These improvements in animal welfare, however, initially cause, due to the 
effects mentioned above, higher demands on management and higher production costs 
in sow management. The present study helps to quantify this additional expenditure. In 
addition, the results can help to improve the management of emissions from manure 
storage and discharge. Farm-specific management can help to keep the additional costs 
low, reduce emissions and improve animal welfare at the same time.  
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