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1.1. Welfare aspects of piglet castration without anaesthesia 
Piglet castration is performed to avoid boar taint in pig meat in most European 

countries for centuries (EFSA, 2004). In Germany, 99.8% of male piglets are 

castrated, the vast majority being three to five days old (Fredriksen et al., 2009). This 

is mainly due to the fact that piglet castration < 8 days of age may be carried out 

without anaesthesia by a trained person (i.e. a learned farmer) by European and 

German animal welfare law (Council Directive 2008/120/EC; Tierschutzgesetz). This 

age limit was decreed, because it was long assumed that neonates have a limited 

ability of pain perception (Taylor et al., 2001). Indeed, research by McGlone and 

Hellmann (1988) suggests a greater castration effect on feeding duration of weaned 

piglets (> 7 weeks of age) than on nursing duration of suckling piglets (< 20 days 

old). However, suckling duration and lying times of piglets between 1 and 20 days of 

age were similar after castration (McGlone et al., 1993). Furthermore, Taylor et al. 

(2001) showed that piglet age (3 – 17 days) had no effect on vocal calls and 

behaviour changes during and after castration. Thus it can be concluded that piglet 

castration is painful intra- and post-operation at all ages (EFSA, 2004). 

Due to the increased farm animal welfare concern and the negative perception 

by society, surgical piglet castration without anaesthesia has consequently become a 

welfare issue. A voluntary agreement was made by non-governmental organisations, 

market partners, scientists and the European Commission (2010) to abandon routine 

surgical castration without anaesthesia until 2018. In consequence, the German 

animal welfare law (Tierschutzgesetz) was amended, so that from January 2019 on, 

piglet castration can only be performed with anaesthesia (Bundesrat, 2013).  

 

1.2. Solutions to enhance animal welfare 
Apart from enhancing animal welfare, a future solution for piglet castration (or its 

alternative) must also be safe for animals and applier, cost-effective and practical for 

producers. Therefore diverse approaches are being researched and evaluated. 
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1.2.1. Raising entire males 
To abandon surgical castration of piglets entirely and raise entire male pigs instead is 

one major favoured option in Germany. Since entire males have better production 

characteristics and improved meat quality in comparison to castrates, raising entire 

males is more profitable; however, a reliable and practicable, technical or human 

detection of boar taint remains a tremendous difficulty (Lundström et al., 2009). 

Furthermore, the welfare benefit is disputed. As an advance, young piglets are not 

subjected to pain of surgical castration. However entire males are more aggressive 

than castrates (EFSA, 2004) and display more sexual behaviour (Rydhmer et al., 

2006; Boyle and Björklund 2007). These behaviour changes can lead to 

management and housing problems and result in impaired welfare (Frederik and 

Hexeberg 2008; Rydhmer et al., 2006; Boyle and Björklund 2007).  

 

1.2.2. Immunocastration 
For the vaccination of male pigs against the body’s own gonadotrophin-releasing 

hormone (GnRH), there is now a commercial product available in the EU (Improvac®, 

Pfizer). It involves two subcutaneous injections, applied at least four weeks apart. 

The second injection (applied four to six weeks before slaughter) stimulates high 

levels of GnRH antibodies with the aim of inhibiting testicular function (Borell et al., 

2009). Like raising entire males, immunocastration has an advantage of not 

subjecting piglets to pain of surgical castration. Furthermore, sexual and aggressive 

behaviour of immuno-castrated males seems to be reduced in comparison to entire 

males (Fàbrega, 2010; Rhydmer et al., 2010). There are however disadvantages 

concerning practicability. As Einarsson (2006) recapitulates, the grown-up pigs have 

to be vaccinated a few weeks before slaughter, which can be work-intensive and 

troublesome. Furthermore the operator has to be careful to avoid accidental self-

injection as humans are susceptible for the pharmacologic agent. A further 

problematic point is that the boar-taint causing substances might be recognizable in 

some animals due to individual variable immunological responses (Einarsson, 2006). 

While immunocastration is widely used and seems to be accepted by consumers in 

Australia, New Zealand and Brazil (Batorek et al., 2012) consumer acceptance in 
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Europe varies considerably between different countries (Huber-Eicher and Spring, 

2008; Fredriksen et al., 2011; Vanhonacker and Verbeke, 2011). However, in organic 

farming immunocastration is perceived critically by consumers as a “hormone 

treatment” and the method is rather declined (Heid and Hamm, 2012).  

 

1.2.3. Analgesia 
An analgesic injection of a non-steroidal anti-inflammatory drug (NSAID) could 

provide a practicable option to reduce stress and pain for piglets intra- and post-

operation. Because of the simple application and low costs, it is already standard in 

German member farms of the foundation for quality scheme for food (QS) since 2009 

to enhance welfare (QS-guideline, 2013). However, research assembled with 

behaviour changes, vocal calls, physiological and endocrine (cortisol) parameters, 

suggests that the use of NSAID contributes to post-operation pain relief, but does not 

reduce stress during castration (Kaita et al., 2010; Hannson et al., 2011). Therefore 

the sole use of an NSAID is not sufficient. A combination of an NSAID and a form of 

anaesthesia to reduce pain during castration may provide a better solution for 

enhanced animal welfare. 

 

1.2.4. Local Anaesthesia 
A local anaesthetic applied intratesticular, as performed generally for piglet castration 

in Norway since 2009, is used to anaesthetize the testicles, spermatic cord, 

surrounding tissue and skin (Ranheim et al., 2005). It reduces physiological and 

behavioural pain responses during castration to some extent (Haga and Ranheim, 

2005; Hannson et al, 2011; Kluivers-Poodt al., 2012) but does not prevent pain 

entirely. As a further disadvantage, piglets have to be handled twice, which causes 

stress and discomfort for the animals and is impracticable for the operator (Leidig et 

al., 2009). A topical application of a local anaesthetic into the castration wound did 

not seem to reduce castration pain sufficiently either, so as a solution for piglet 

castration a general anaesthesia may be better suited (Sutherland et al., 2010). 
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1.2.5. General anaesthesia 

1.2.5.1. Injection anaesthesia 
General anaesthesia can be applied easily and safe to pigs via injection (Lahrmann, 

2006). Judging by pain specific defence and behaviour controls, an azaperone / 

ketamine anaesthesia injection used for piglet castration enhances animal welfare 

(Lahrmann et al., 2006). However, due to the long post-operative sleeping phase of 

averagely 3 hours, the piglets have to be secluded from the sow to avoid being 

crushed. In consequence, piglets are stressed due to the instable suckling order 

post-operation and show negative behavioural changes (Schmidt et al., 2012). The 

practical use of the injection anaesthesia and the welfare benefit post-operation are 

therefore questionable. 

 

1.2.5.2. Inhalation anaesthesia with CO2 
Another form of general anaesthesia is the inhalation of anaesthetic gases (i.e. CO2, 

isoflurane), which have the advantages of a fast administration and short post-

operative sleeping phases and might therefore be more practicable for the use on 

piglets. However, the usefulness of CO2 anaesthesia for surgery of piglets seems 

doubtful, due to a questionable welfare benefit. CO2 anaesthesia does not seem to 

reduce stress intra- and post-operative satisfactorily as shown by physiological, 

endocrine and behaviour parameters (Van Beirendonck et al., 2011; Sutherland et 

al., 2012). In fact, in some studies CO2 anaesthesia appeared to be more stressful for 

piglets than castration without anaesthesia (Kohler et al., 1998; Mühlbauer et al., 

2009; Zimmermann et al., 2011) and no suitable operation stage could be monitored 

by the use of electroencephalography (Hoppe, 2011). 

 

1.2.5.3. Inhalation anaesthesia with isoflurane 
Like the other inhalation gases, isoflurane has the advantage effect of a fast 

administration and a short post-operative sleeping phase. Depending on dosage, it 
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reduces brain-, cardiovascular and breathing functions. As all halogenated ethers, 

isoflurane is in liquid form at room temperature and has to be vaporized prior 

inhalation (Mette, 2008). Isoflurane inhalation anaesthesia has been routinely used 

for piglet castration on Neuland farms in Germany since 2008 and is in general use in 

Switzerland since 2010. Hodgson (2007) concluded isoflurane anaesthesia as safe, 

with a rapid induction, smooth and brief recoveries and optimal conditions for piglet 

castration. Schulz (2007) and Schulz et al. (2007) showed by endocrine parameters 

that isoflurane anaesthesia did not cause stress or discomfort for piglets, but in 

contrast combined with an NSAID reduced endocrine pain and stress parameters 

significantly. Similar results were found by Kupper and Spring (2008) who scored 

movements and vocalisation of the piglets; under field conditions 92% of piglets were 

apparently castrated with sufficient pain reduction.  

There are critical issues concerning the wider use of isoflurane anaesthesia 

though, regarding economic efficacy, practicability and hygiene risks. By the current 

EU animal welfare law (Council Directive 2008/120/EC) the performance of narcosis 

is confined to veterinarians only. Furthermore costs evolve from the anaesthetic 

device and its maintenance, the required medicaments (isoflurane and analgesic), as 

well as the additional required labour time (de Roest et al., 2009). The most 

important cost factor is the equipped inhaler device. Depreciation and maintenance 

represent 75% of the total cost for farms with less than 90 sows. In consequence a 

purchased inhaler device is only profitable for larger farms (de Roest et al., 2009). 

Therefore sharing an inhaler device among several farms after a thorough cleaning 

and disinfection has become an economically sustainable option in Switzerland 

(Schweinegesundheitsdienst, 2009). However, this implies a certain hygiene risk, 

since it is unclear if the employed cleaning- and disinfection methods are sufficient to 

eliminate/control microbiological agents well enough to prevent spreading of 

pathogens among farms. As research in human medicine shows, reusing or sharing 

medical devices can be responsible for cross-infections between patients (Beck and 

Zadeh, 1968; Berry and Nolte, 1991; Langevin et al., 1999). Furthermore it has not 

yet been investigated, if and how the shared use of the device potentially prolongs 

labour time and to what extend the resulting costs will be influenced. 
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Therefore, it was the aim of this study: 

- to investigate whether sharing an anaesthetic device among associated farms with 

a similar hygienic status results in an elevated risk of bacteriological contamination 

and further spread in spite of a thorough cleaning and disinfection under field 

conditions (chapter 2) 

- to evaluate the amount and components of labour time required for piglet castration 

with isoflurane anaesthesia performed with stationary and shared devices under field 

conditions (chapter 3) 
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Isoflurane-anaesthesia used for piglet-castration: a bacteriological assessment 
of the anaesthetic device 
  

Abstract 
Castration of piglets with the use of isoflurane-anaesthesia in combination with an 

analgesic has been proven to be an animal-friendly approach. However, castration is 

performed with an equipped anaesthetic device which is not profitable for small 

farms. Thus, this study aimed at investigating whether sharing the anaesthetic device 

among farms results in an elevated risk of bacteriological contamination and further 

spreading in spite of a thorough disinfection. The study included two groups of 

organic farms. Piglets (N=1579) were anaesthetised with isoflurane supplied from an 

equipped device and castrated. Stationary anaesthetic devices were used in the first 

group of farms, whereas farms in the second group shared one device. Each farm 

was visited four times and the colony forming units (CFU) of total mesophilic bacteria, 

Staphylococcus spp., Methicillin-resistant Staphylococcus aureus (MRSA) and 

Escherichia coli were determined. Sampling took place before castration and after 

disinfection, and included snout masks, retaining fixtures, pedals and wheels of the 

device (N=376). 

The results indicated presence of Staphylococcus species in 56.5% and 40.3% of 

samples obtained from farms using stationary and shared devices, respectively. 

MRSA was detected in 2.4% of the samples and only one pathogenic Shiga toxin-

producing E. coli (Stx2e, F18) could be detected. Bacterial counts were lower on the 

shared device than on the stationary devices (P=0.038), particularly on restraining 

fixtures (P<0.05). In both groups wheels were the most and pedals the least 

contaminated materials (P<0.05). It is concluded that sharing an anaesthetic device 

on several farms does not increase bacteriological contamination after a thorough 

disinfection and thus does not impose an additional hygiene risk to farms with similar 

hygienic conditions. 
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Labour time required for piglet castration with isoflurane-anaesthesia using 
shared and stationary inhaler devices 
 

Abstract 

Isoflurane-anaesthesia combined with an analgesic represents an animal-friendly 

method of pain mitigation for castration of piglets. However, it requires an inhaler 

device, which is uneconomic for small farms. Sharing a device among farms may be 

an economical option if the shared use does not increase labour time and the 

resulting costs. This study aimed to investigate the amount and components of 

labour time required for piglet castration with isoflurane anaesthesia performed with 

stationary and shared devices. 

Piglets (N=1579) were anaesthetised with isoflurane (using either stationary or 

shared devices) and castrated. The stationary devices were used in a group (n=5) of 

larger farms (84 sows / farm on an average), whereas smaller farms (n=7; 32 sows / 

farm on an average) shared one device. Each farm was visited four times and labour 

time for each process-step was recorded. The complete process included machine 

set-up, anaesthesia and castration by a practitioner, and preparation, collection and 

transport of piglets by a farmer. 

Labour time of the complete process was increased (P=0.012) on farms 

sharing a device (266 s / piglet) compared to farms using stationary devices (177 s / 

piglet), due to increased time for preparation (P=0.055), castration (P=0.026) and 

packing (P=0.010) when sharing a device. However, components of the time budgets 

of farms using stationary or shared devices did not differ significantly (P>0.05). Cost 

arising from time spent by farmers did not differ considerably between the use of 

stationary (0.28€ per piglet) and shared (0.26€) devices. 

It is concluded that costs arising from the increased labour time due to sharing 

a device compared to the use of stationary devices can be considered marginal, 

since the high expenses originating from purchasing an inhaler device are shared 

among several farms. 
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4 General discussions 
 

4.1. Advantages and disadvantages concerning the use of isoflurane 

anaesthesia for piglet castration 

Isoflurane anaesthesia is an important solution to enhance animal welfare for piglet 

castration in near future, when castration without anaesthesia will be abandoned by 

welfare legislation. In combination with an NSAID, isoflurane anaesthesia has been 

proven to reduce stress and pain significantly to tolerable levels (Hodgson 2007; 

Schulz 2007; Kupper and Spring 2008), which has to be the most important aim 

when evaluating alternative methods. The large food- and slaughter-industry 

companies in Germany are dominantly forcing the raising of entire males as future 

alternative to piglet castration. For smaller production niches, it remains important 

that alternative options stay available however, especially as long as the detection of 

boar taint and utilization of boar taint positive meat remains problematic in 

decentralised slaughter production systems. Especially for the organic market and 

alternative farming, isoflurane anaesthesia is a promising option, since the other 

alternatives to the surgical castration without pain relief have severe disadvantages 

for sustainable organic farming. 

Next to raising entire males and immunocastration, isoflurane anaesthesia 

appears to be the most reasonable solution for organic farming since the alternative 

forms of anaesthesia are either considered not to reduce pain and stress sufficiently 

(i.e. CO2, local anaesthesia) or impracticable (azaparone / ketamine injection). 

However, due to the increased sexual and aggressive behaviour of entire males, the 

welfare benefit is disputed (Fredriksen and Hexeberg 2008; Rydhmer et al., 2006; 

Boyle and Björklund 2007). But since enhanced animal welfare is one of the most 

important arguments for consumers to purchase meat from organic farming (Hughner 

et al., 2007), raising entire males is not a practicable alternative to raising castrates. 

Similarly, immunocastration performed on organic pigs is perceived critically 

by consumers, because it is understood as a “hormone” treatment and possible 

residues in meat are being feared (Heid and Hamm, 2012). In consequence, only 
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isoflurane anaesthesia seems to remain as a practicable and consumer-accepted 

option to enhance animal-welfare for piglet castration in organic farming especially.  

Next to enhancing animal welfare however, the alternative solutions to piglet 

castration should also be practicable and cost-efficient for producers and safe for 

animals and operators. The greatest disadvantage of isoflurane anaesthesia is the 

high resulting cost, due to the required isoflurane and analgesic, the equipped 

anaesthetic device and its maintenance as well as the additional labour time (de 

Roest et al., 2009). Furthermore, by the current EU animal welfare law (Council 

Directive 2008/120/EC) anaesthesia may only be performed by a veterinarian. To 

lower veterinarian costs, farmers in Switzerland are allowed to perform isoflurane 

anaesthesia themselves after training and receiving a certificate of competence. In 

EU legislation however, a certificate of competence for farmers is not in planning to 

our knowledge. Therefore costs for the veterinarian have to be considered as fixed. 

For smaller farms with less than 90 sows, 75% of the total costs are expenses for 

depreciation and maintenance of the inhaler device. Therefore a purchased inhaler 

device is only profitable for larger farms (de Roest et al., 2009). In consequence, it 

could be a reasonable option to share an inhaler device among several farms in 

order to lower equipment costs. 

 

4.2. Sharing an inhaler device – a safe solution to reduce costs? 

However, there are concerns about sharing inhaler devices among several farms. 

Firstly, sharing a device might bear a possible hygiene risk of transmitting pathogens 

from one farm to the other. Secondly, the question remains whether sharing a device 

would raise labour time and resulting costs significantly. Both concerns were 

addressed in the present study:  

The results of the first study (chapter 2) show, that sharing an inhaler device 

among farms is not associated with an elevated pathogenic transmission when a 

thorough cleaning and disinfection is employed. Disinfection of the inhaler devices 

after castration reduced total bacteria counts to a low level (100–101). Masks, pedals 

and wheels did not significantly differ between stationary and shared devices; 

however the number of bacteria on the restraining fixtures was lower on the shared 
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than on stationary devices. Since the restraining fixtures were the only sterilised parts 

of the device, the lower bacterial count must be attributed to sterilisation, which in 

consequence should be a prerequisite for sharing an anaesthetic device in the 

routine use. Masks and wheels should be considered as the greatest risk sources 

enabling spread of infections within and between farms, as they are in direct contact 

either with pig snouts or farm ground, respectively. Accordingly, the level of 

contamination was relatively higher in these two materials, particularly on the wheels, 

when compared with pedals or fixtures. Though not sampled, the tube system, which 

is in direct contact with respiration air of castrated piglets, may promote bacteria 

spread as research in humane and veterinary inhaler devices suggests (Beck and 

Zadeh, 1968; Berry and Nolte, 1991; Pelligand et al., 2007). Thus together with 

masks and wheels, the tube system may also be considered as a critical material that 

may potentially facilitate transport of pathogens. Therefore, it may be a reasonable, 

safe option not to share the whole device, but the most expensive component only, 

i.e. the vaporizer, as suggested by Raaflaub et al. (2008). 

Due to the low frequencies of examined pathogenic bacteria (E. coli and 

MRSA) on the farms, no statistical comparison for the differences between use of 

stationary and shared anaesthetic devices could be done. Therefore, it remained 

unclear whether sharing anaesthetic devices would increase occurrence or enable 

transmission of pathogenic bacteria in case of high exposure. Staphylococci on the 

other hand, were prevalent on all the materials of the inhaler devices, possibly 

because of their high tenacity. Therefore they seem to be valuable indicator 

organisms for the bacterial contamination status of farms. 

In this study, the materials with most intensive contact to the environment, 

practitioner or animals were sampled representatively for the whole device. It can be 

assumed that there was no enhanced risk of spreading contamination from other 

parts of the inhaler device, even though it was not sampled. As the scope of the 

study was limited to certain, defined bacteria, a complete microbiological assessment 

covering all important pathogens and other pathogenic species could not be 

provided. Therefore no clear conclusion can be made, concerning the risk of 

transferring any other pathogenic species (e.g. viruses) from farm to farm, even 
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though the disinfectant used in our experiment has a good efficacy against other 

infectious agents and number of other pathogenic species therefore can be expected 

to be low as well. Furthermore, the exact performance of disinfection and the 

disinfectant employed have a considerable influence on the results of contamination. 

Disinfection of the inhaler devices in this study was performed as practicable as 

possible for farmers and practitioners in order to achieve realistic results in routine 

use of the devices. There can be no guarantee given however, that a less thorough 

disinfection of a shared anaesthetic device will not enable bacteria transmission 

among farms. In consequence, a thorough disinfection of the inhaler devices with a 

satisfactory disinfectant according to the rules of the manufacturer is a prerequisite 

for sharing devices among farms. 

The labour time necessary for the shared and stationary use of the devices 

was evaluated in a second study (Chapter 3). The labour time of the complete 

process for the shared use of the inhaler device was increased significantly by almost 

90 seconds per piglet compared with the use of own inhaler devices due to elevated 

time for preparation, castration and packing. The components of the time budged did 

not differ between farms using stationary or shared devices on a percentage basis, 

however. The machine set-up time (preparation and packing) is irrespective of the 

number of piglets to be anaesthetised and the average total time indicated no actual 

dissimilarity between the different uses of the device. Thus it can be assumed that 

differences for the machine set-up time per piglet originated from the effect of the 

farm size, rather than the use of the shared device. The significantly longer time, 

which was required for castration on farms sharing a device, was probably due to the 

heterogeneity of age and weight of piglets on these farms, which in consequence 

might have prolonged the time required to handle, fixate and anaesthetise piglets. 

Thus it can be speculated that the labour time differences found between the shared 

and stationary use of the devices may not have originated solely from the use itself 

but rather to some extent from the different average farm sizes of the two 

experimental groups.  

Since the costs for castration by the veterinarian are fixed in Germany, only 

the costs arising from the labour time spent by the farmer were calculated in this 
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study. According to these calculations, there was no large difference between farms 

using stationary or shared devices (0.26€ and 0.28€ per piglet, respectively).  

 

4.3. General conclusions 

Isoflurane anaesthesia is an animal-friendly, practicable and consumer-accepted 

solution for piglet castration. Especially for organic farming, isoflurane anaesthesia 

has considerable advantages compared to alternative options. The high costs 

involved especially for smaller farms could be reduced by sharing an inhaler device 

among farms. Our results suggest that sharing an anaesthetic device among several 

farms with a similar hygienic status is not associated with an elevated pathogenic 

transmission; total bacterial counts were generally lower on the shared device 

probably because of regular and careful cleaning and disinfecting. However, a 

complete microbiological assessment covering all relvant pathogens could not be 

provided and some infectious risks are always involved when sharing equipment 

among farms. To share only the vaporizer, which is the most expensive component 

of the anaesthetic device, may therefore provide a safer and also an economically 

acceptable alternative for smaller farms. Sharing an inhaler device among farms 

increases labour time significantly by almost 90 seconds per piglet compared to 

using own devices. However, the arising costs can be considered marginal for small 

farms, since the high expenses originating from purchasing an inhaler device are 

shared among several farms.  
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Summary 

Sabrina Weber 

 

Isoflurane-anaesthesia used for piglet-castration: bacteriological assessment 

and evaluation of labour time using shared and stationary inhaler devices 

 

Isoflurane-anaesthesia combined with an analgesic is an animal-friendly solution for 

piglet castration. A disadvantage especially for smaller farms however, is the high 

cost involved, which originates mainly from the required, equipped inhaler device. 

Sharing an inhaler device among several farms could be an economic solution to 

reduce costs. However, sharing a device might imply a hygiene risk and potentially 

promote spread of pathogenic micro-organisms among the farms if the employed 

disinfection can not eliminate contamination of the device. Furthermore the shared 

use of the device might enhance the required labour time and thus raise the resulting 

costs for the farmer. 

Therefore the objective of this study was to investigate whether sharing an 

anaesthetic device among associated farms results in an elevated risk of 

bacteriological contamination and further spread in spite of a thorough cleaning and 

disinfection under field conditions (Chapter 2). Furthermore it was also aimed at 

evaluating the amount and components of labour time required for piglet castration 

with isoflurane anaesthesia performed with stationary and shared devices (Chapter 

3). 

The studies were performed between March 2011 and January 2012 on 

twelve organic piglet producer farms in Germany. Piglets (N=1579) were 

anaesthetised with isoflurane and castrated using stationary or shared equipped 

inhaler devices. The stationary devices were used in a group (n=5) of larger farms 

(84 sows), whereas smaller farms (n=7; 32 sows) shared one device. Concerning 

their hygienic status all farms were highly homogenous. Each farm was visited four 

times, averagely every third month during data collection. For the first study, colony 

forming units (CFU) of total mesophilic bacteria, Staphylococcus spp., Methicillin-

resistant Staphylococcus aureus (MRSA) and Escherichia coli were determined. 
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Sampling took place before castration and after disinfection, and included 

representative materials of the device: snout masks, retaining fixtures, pedals and 

wheels (N=376). For the second study the required labour time of each defined 

process-step of the complete process was recorded, which included machine set-up, 

anaesthesia and castration by a practitioner, and preparation, collection and 

transport of piglets by a farmer. 

The results of the microbiology study (Chapter 2) indicated presence of 

Staphylococcus species in 56.5% and 40.3% of samples obtained from farms using 

stationary and shared devices, respectively. MRSA was detected in 2.4% of the 

samples and only one pathogenic Shiga toxin-producing E. coli (Stx2e, F18) could be 

detected. Total bacterial counts were lower on the shared device than on the 

stationary devices (P=0.038), particularly on restraining fixtures (P<0.05). 

Disinfection of the inhaler devices after castration reduced total bacteria counts to a 

low level (100–101). In both groups of devices wheels were the most and pedals the 

least contaminated materials (P<0.05).  

Results obtained in the second study (Chapter 3) indicated that labour time 

required for the complete process was increased (P=0.012) on farms sharing a 

device (266 s / piglet) compared to farms using stationary devices (177 s). This 

increase of labour time was due to the elevated time required for preparation 

(P=0.055), castration (P=0.026) and packing (P=0.010) when sharing a device. 

However, components of the time budgets using stationary or shared devices did not 

differ significantly (P>0.05). Cost arising from time spent by farmer did not differ 

considerably between the use of stationary (0.26€ per piglet) and shared (0.28€) 

devices. 

It can be concluded that sharing an inhaler device among farms in this study is 

not associated with an elevated  transmission of pathogens when a thorough 

cleaning and disinfection is employed, thus no additional hygiene risk was observed 

for farms with similar hygienic conditions. However, a complete microbiological 

assessment covering all important pathogens could not be provided and some risk 

will always be involved when sharing equipment among farms. Therefore, it may be a 

safer and also an economically feasable alternative for smaller farms to share only 
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the vaporizer, which is the most expensive component of the anaesthetic device. 

Sharing an inhaler device among farms increases labour time significantly by almost 

90 seconds per piglet. However, the resulting costs can be considered marginal for 

small farms, since the high expenses originating from purchasing an inhaler device 

are shared among several farms.  
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Zusammenfassung 

 
Sabrina Weber 
 
Isofluran-Narkose bei der Ferkelkastration: Bakteriologische Bewertung und 

Evaluierung des Arbeitszeitbedarfs der überbetrieblich und stationär genutzten 

Narkosegeräte 

Die Isofluran-Narkose ist in Kombination mit einem Analgetikum als 

tierschutzgerechte Möglichkeit der Ferkelkastration anerkannt. Ein Nachteil 

insbesondere für kleinere Betriebe besteht in den hohen Beschaffungskosten für das 

Narkosegerät. Ein Narkosegerät überbetrieblich auf mehreren Betrieben einzusetzen 

und anfallenden Kosten zu teilen, könnte eine wirtschaftliche Lösung darstellen. 

Allerdings ist die überbetriebliche Gerätenutzung mit einem Hygienerisiko und der 

potentiellen Verbreitung pathogener Mikroorganismen über mehrere Betriebe 

verbunden, wenn die mikrobille Besiedlung des Narkosegeräts nicht durch die 

angewandten Desinfektionsmaßnahmen eliminiert oder entscheidend gemindert 

werden kann. Zudem könnte der überbetriebliche Einsatz den erforderlichen 

Arbeitszeitbedarf und die dadurch entstehenden Kosten für den Landwirt erhöhen. 

Daher war es Ziel der vorliegenden Dissertation zu prüfen, ob unter 

Praxisbedingungen ein überbetrieblicher Einsatz eines Narkosegerätes auf mehreren 

Betrieben trotz gründlicher Reinigung und Desinfektion zu einem erhöhten Risiko der 

bakteriellen Kontamination führt (Kapitel 2). Darüber hinaus war es Ziel, Größe und 

Anteil des Arbeitszeitbedarfs der Ferkelkastration unter Isofluran-Narkose bei 

überbetrieblich und bei stationär eingesetzten Geräten zu analysieren (Kapitel 3). 

Die Untersuchungen wurden zwischen März 2011 und Januar 2012 auf zwölf 

ökologischen ferkelerzeugenden Betrieben in Deutschland durchgeführt. Die Ferkel 

(N=1579) wurden mit Hilfe stationärer, beziehungsweise überbetrieblich genutzten 

Narkosegeräten mit Isofluran anästhesiert und anschließend kastriert. Die 

stationären Geräte wurden in einer Gruppe (n=5) auf größeren Betrieben verwendet 

(84 Sauen), während sich kleinere Betriebe (n=7; 32 Sauen) ein Gerät 

überbetrieblich teilten. Hinsichtlich des Hygienestatus waren alle Betriebe sehr 

homogen. Es erfolgten je vier Betriebsbesuche, durchschnittlich alle drei Monate 
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während der Datenaufnahme. Für den ersten Versuch wurden die Kolonie-bildenden 

Einheiten (KBE) der mesophilen Gesamtkeimzahl, von Staphylococcus spp., 

Methicillin-resistenter Staphylococcus aureus (MRSA) und Escherichia coli bestimmt. 

Die Probenahmen erfolgten vor Kastration und nach Desinfektion an repräsentativen 

Materialien des Narkosegerätes: Atemmasken, Fixierschalen, Fußpedale und Räder 

(N=376). Für den zweiten Versuch wurde der Arbeitszeitbedarf aller Teilschritte des 

gesamten Prozesses erfasst. Dabei wurde  der zeitliche Aufwand für die Rüstzeit des 

Gerätes, die Narkose und Kastration durch den Tierarzt und die Vorbereitung, das 

Einsammeln und den Transport der Ferkel durch den Landwirt gemessen. 

Die mikrobiologischen Ergebnisse (Kapitel 2) zeigen eine Staphylococcus-

spp.-Nachweisrate von 56,5 % bei den betrieblichen Eigengeräten und 40,3 % bei 

den überbetrieblich genutzten Geräten. MRSA wurde in 2,4 % der Proben 

nachgewiesen. In einem Fall wurde nur ein pathogener Shigatoxin produzierender 

E.coli (Stx2e, F18) gefunden. Die mesophile Gesamtkeimzahl war bei den 

überbetrieblich genutzten Narkosegeräten niedriger, als bei den Geräten, die 

stationär genutzt wurden (P=0.038). Das trifft insbesondere auf die Fixierschalen zu 

(P < 0.05). Die Desinfektion der Geräte nach der Kastration reduzierte die 

Gesamtkeimzahl auf ein sehr geringes Niveau (100–101). Sowohl bei stationärem als 

auch bei überbetrieblichem Einsatz waren die Räder die meist- und die Fußpedale 

die am wenigsten kontaminierten Materialien (P < 0.05).  

Die Ergebnisse der zweiten Untersuchung (Kapitel 3) zeigten, dass die 

Arbeitszeit des gesamten Prozesses beim überbetrieblichen Einsatz (266 s / Ferkel) 

im Vergleich zum stationären Einsatz der Geräte (177 s / Ferkel) erhöht war 

(P=0.012). Dieser Anstieg wurde durch den größeren Arbeitszeitbedarf für 

Vorbereitung (P=0.055), Kastration (P=0.026) und Einpacken (P=0.010) beim 

überbetrieblichen Geräteeinsatz verursacht. Allerdings unterschieden sich die 

einzelnen Anteile des Arbeitszeitbedarfs des stationären Geräteeinsatzes nicht 

signifikant (P>0.05) vom überbetrieblichen Geräteeinsatz. Die durch den 

Arbeitszeitbedarf resultierenden Kosten des Landwirts unterschieden sich nicht 

erheblich zwischen stationärem (0.26€ pro Ferkel) und überbetrieblichem (0.28€ pro 

Ferkel) Geräteeinsatz. 
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Es kann zusammengefasst werden, dass bei überbetrieblich genutzten 

Geräten die bakterielle Kontamination nach gründlicher Desinfektion unter der, der 

nur in einem Betrieb genutzten Geräte liegt und damit durch die Verbringung der 

Geräte zwischen den Betrieben kein zusätzliches Hygienerisiko für Betriebe mit 

vergleichbarem Hygienestatus entsteht. Allerdings konnte keine vollständige 

mikrobiologische Untersuchung aller in der Schweinehaltung vorkommenden 

wichtigen pathogenen Krankheitserreger bei der Bewertung des Narkosegerätes 

durchgeführt werden. Zudem besteht immer ein gewisses Restrisiko, wenn 

Gerätschaften überbetrieblich genutzt werden. Daher könnte es sicherer und 

ökonomischer sein, nur den Verdampfer, welcher den kostenintensivsten Teil  des 

Narkosegerätes darstellt, überbetrieblich zu nutzen. Obwohl der überbetriebliche 

Geräteeinsatz den Arbeitszeitbedarf signifikant um fast 90 Sekunden pro Ferkel in 

dieser Untersuchung erhöht hat, können die entstandenen Kosten für kleine Betriebe 

als marginal betrachtet werden, wenn die hohen Kosten für den Gerätekauf von 

mehreren Betrieben getragen werden. 
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