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Abstract 

In Denmark surgical castration is a routine procedure both within conventional and 

organic pig production, but this procedure has recently been debated due to welfare issues. 

Changing the entire pig producing sector to production of entire male pigs is not 

straightforward, as extensive research have shown problems of boar taint in the meat of 

entire male pigs, but also welfare issues arising during rearing.  

Production of entire male pigs will be favorable from an organic perspective, as omitting 

castration complies well with the values of organic farming in terms of animal integrity, 

and as execution of the castration procedure is impractical on pigs reared outdoors. 

Knowledge is lacking on how the rearing period is best adapted within the organic housing 

system to accommodate the documented changed behavior of entires, but the organic 

farming system might be able to offer some improvement initiatives related to 

management and housing. As regards boar taint, the organic farming system offers no 

apparent strategies for boar taint reduction, and knowledge about the extent of the 

problem and how known taint reducing initiatives work within the organic system is 

lacking. This highlights a need for investigation in large scale studies.  

The objective of the present study was to investigate different management approaches in 

relation to production of entire male pigs within the organic pig production system. 

Studies focused on live weight of pigs at slaughter and soiling of pens and pigs in relation 

to occurrence of boar taint, and housing conditions such as grouping strategy and group 

size in relation to animal welfare. A combination of these approaches was intended to 

contribute to an overall concept for production of organic entire male pigs. 

An experimental study was conducted on commercial organic pig herds in Denmark from 

2011-2013. A total of 1724 entire male pigs were reared in parallel on five organic herds in 

four batches, with two batches in the winter season and two in the summer season.  

All male pigs were born on free range, with the possibility to familiarise with other litters 

in neighbouring paddocks. At weaning the pigs were moved to indoor pens, and mixed 

with different litters. At an average weight of 30 kg, the male pigs were allocated to the 

finishing pens according to a 2 x 2 factorial design. This comprised two pens of pigs 

undergoing a second mixing (regrouping), and two pens of pigs simply being relocated. 

Besides the two grouping strategies, two different group sizes were applied, with each 

grouping strategy having one pen of 15 pigs and one pen of 30 pigs. This gave a total of four 

pens in each of the four batches in each herd. The pigs in each pen were sent for slaughter 

in two steps (split marketing) approximating an average weight of 95 kg in the first 
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delivery and 115 kg in the last delivery, with animals randomly being allocated to slaughter 

weight delivery. 

The results of the study have been presented in three scientific papers. The primary 

objective of paper I was to investigate the extent to which the level of boar taint decreases 

with a decrease in live weight and/or age at slaughter of entire male pigs produced under 

organic standards, with boar taint measured as androstenone and skatole concentration in 

the carcass fat at slaughter. This was confirmed in regards to live weight, with the results 

showing decreasing androstenone concentration for a decreasing live weight.  The 

thresholds of androstenone (1 ppm) was reached at 60 and 80 kg for winter and summer 

periods, respectively, and up to around 100 kg live weight the androstenone level 

continuously increased, after which the level stabilized until 140 kg. Skatole concentration 

increased slightly with increasing live weight. Age did not have significant direct effect on 

either androstenone or skatole levels. The study concludes that decreasing live weight at 

slaughter could be an applicable management tool to reduce occurrence of boar taint for a 

future production of entire male pigs within the organic pig production system, although 

great variation in boar taint was found also for low weight animals.   

The primary objective of paper II was to investigate if increased pig and pen soiling 

increases skatole concentration in entire male pigs. In this analysis, boar taint measured as 

androstenone and human nose sensory evaluation was also included. Outdoor pen soiling 

showed significant positive effect on skatole concentration as an interaction with herd as 

well as season, revealing an increased fat skatole level for high soiling levels only for some 

herds. An interacting effect with herd was also found for outdoor pen soiling on human 

nose positive risk. Soiling on indoor pen areas did not affect skatole levels and no effect on 

androstenone was found for any pen areas. Soiling of pigs affected both skatole and 

androstenone levels, with the size of the head and abdomen body area covered in manure 

showing significant positive effects on skatole concentration. No effect of density of the 

manure layer was found on either boar taint measure. The human nose test revealed no 

effect from pig soiling. Herd significantly affected both skatole and androstenone in fat as 

well as the human nose positive risk. Increasing the hygiene management could be a 

strategy for reducing boar taint in production of organic entire male pigs, however, a large 

variation in the different boar taint measures was found for both high and low scores of 

pen and pig soiling, and only a small difference in skatole and androstenone 

concentrations between the high and low soiling categories was found. Other boar taint 

reducing initiatives should therefore be used in combination with hygiene management. 
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The median androstenone level was high for organic entire male pigs (1.9 µg/g), with a 10 

and 90 % percentile for the overall population of 0.53 and 4.84 µg/g. This, however, varied 

greatly both within and between herds. Median skatole level was 0.05 µg/g, with a 10 and 

90 % percentile for the overall population of 0.02 and 2.25 µg/g also with a wide range 

both within and between herds. Human nose positive tests averaged 18.3% with great 

variation between herds and seasons. 

The third paper had the primary objective to investigate the effect of grouping strategy and 

group size on chosen animal welfare measures for entires, such as levels of mounting 

behaviour and skin lesions. The hypothesis was that procedures that disrupt the social 

stability, i.e. regrouping, would have a larger negative effect on the level of skin lesions and 

mounting behaviour compared to simple relocation of the animals, and that the grouping 

strategy would have a larger negative effect in small groups (15 pigs) compared to large 

groups (30 pigs). This was only partly confirmed as no effect of grouping strategy was 

found on mean number of skin lesions, but with a significant effect on mounting frequency 

as an interaction with herd, however, showing no consistent pattern across herds. Effect of 

group size did also show an interacting effect with herd for mounting frequency, and a 

difference between group sizes for skin lesions, with a small increase in number of lesions 

in large groups. No interactive effects were found between grouping strategy and group 

size on either skin lesions or mounting frequency, and regrouping did not show a larger 

negative effect in small groups compared to large groups. The results do not point to any 

clear management recommendations on grouping strategy when rearing entires. However, 

the organic production system seems favourable for rearing entires as regards absence of 

an increase in behavioural problems (i.e. mounting behaviour and skin lesions), 

compromising animal welfare, not least as the animals get older.  

The management approaches investigated in the present study did not reveal an overall 

management concept applicable for production of entires within the organic system 

ensuring a low level of boar taint across herds, although, the approach in relation to 

housing showed no overall detrimental animal welfare concern of the pigs. All 

management approaches investigated revealed an interactive herd effect, with different 

results for different herds. In addition, boar taint compounds showed great variation both 

between and within herds and herd differences were found for both mounting and skin 

lesion levels. This indicates that a simple management concept, holding the different 

aspects investigated in the present project, cannot be expected to show consistent results 

when applied on different herds. Different useful elements could still be derived from the 

study, and the results are relevant as regards a future decision on advantageous 
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alternatives to production of castrates. The results have contributed to the minimal 

amount of knowledge on effects of already known boar taint reducing factors within the 

organic farming system, and the effect of the rearing system on animal welfare of entires.   

With the different results for different herds as well as great variation both between and 

within herds for boar taint levels, further research is needed on causes of individual animal 

variation in boar taint. Furthermore, additional investigation on the factors that affect the 

physical development, i.e. maturation of boars within the organic system would be 

interesting and useful, if reducing this while still maintaining the current weight at 

slaughter could result in reduced boar taint levels. In addition, further research is needed 

to verify if socializing piglets prior to weaning, as performed within the organic system, will 

have a positive effect on the social environment later in the production cycle with positive 

consequences on behaviour of entires and management approaches in relation to housing. 

Management approaches implemented on farms, that could reduce boar taint and at the 

same time be favourable in relation to animal welfare, would be valuable for a future 

production of entire male pigs, and needs more attention in future research. 
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Danish summary (Sammendrag) 

I Danmark er kirurgisk kastration et rutinemæssigt indgreb både indenfor konventionel og 

økologisk svineproduktion, men dette har været debatteret i stort omfang grundet 

dokumenterede velfærdsproblemer i forbindelse med indgrebet. En ændring af hele 

svinesektoren til produktion af hangrise er ikke ligetil, da omfattende forskning har vist 

problemer med ornelugt i kød fra intakte hangrise, men også velfærdsproblemer under 

opvæksten.  

Produktion af intakte hangrise er favorabel ud fra en økologisk tankegang, da udeladelse af 

kastration er i god tråd med de velfærdsmæssige værdier indenfor økologisk 

svineproduktion, og da udførelse af kastrationsindgrebet er upraktisk for dyr, der fødes på 

friland. Der mangler viden omkring, hvordan opvækstperioden bedst tilpasses indenfor det 

økologiske system til den ændrede adfærd, der er dokumenteret for hangrise. Det 

økologiske system kan imidlertid evt. tilbyde nogle forbedrende initiativer i relation til 

management og opstaldning. Hvad angår ornelugt, tilbyder det økologiske system ingen 

åbenlyse reducerende parametre, og der mangler viden omkring virkningen af allerede 

kendte lugt-reducerende initiativer indenfor det økologiske system. Dette skal undersøges i 

stor skala.  

Formålet med nærværende projekt var at undersøge forskellige managementtiltag i 

relation til produktion af intakte hangrise indenfor det økologiske system. Projektets 

primære fokus var på levende vægt ved slagtning samt tilsvining af stier og grise i relation 

til forekomst af ornelugt og opstaldningsforhold såsom grupperingsstrategi og 

gruppestørrelse i relation til dyrevelfærd. Hensigten var, at en kombination af disse 

faktorer skulle bidrage til et overordnet koncept for produktion af økologiske intakte 

hangrise. 

Et eksperimentelt studie blev gennemført på kommercielle, økologiske svinebesætninger i 

Danmark fra 2011-2013. På disse blev et total antal intakte hangrise på 1724 dyr opfostret 

parallelt på fem besætninger i fire hold med to hold i sommerperioden og to hold i 

vinterperioden. Alle grise blev født på friland med mulighed for at socialisere med andre 

kuld på tilstødende faremarker. Ved fravænning blev grisene flyttet til indendørs stier, 

hvor en sammenblanding af flere kuld fandt sted. Ved en gennemsnitlig vægt på 30 kg blev 

hangrisene fordelt i forsøgsstierne ud fra et 2x2 faktorielt design. Dette indebar to stier 

med dyr udsat for endnu en sammenblanding i form af en omgruppering og to stier med 

dyr udsat for simpel neddeling uden yderligere sammenblanding. Udover de to 

grupperingsstrategier blev to gruppestørrelser anvendt med hver grupperingsstrategi 
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indeholdende en sti med hhv. 15 og 30 dyr. Dette gav samlet set fire stier i hver af de fire 

hold på hver besætning. Grisene i hver sti blev sendt til slagtning af to omgange med en 

tilnærmende gennemsnitlig vægt på 95 kg i første omgang og 115 kg i anden omgang. 

Udvælgelse af slagtedyr til de to vægtgrupper blev foretaget ved tilfældig udvælgelse af dyr.  

Resultaterne fra nærværende projekt er blevet præsenteret i tre videnskabelige artikler.  

Det primære formål i artikel I var at undersøge om en reduceret levende vægt og alder ved 

slagtning af hangrise produceret under økologiske standarder ville have en reduceret 

koncentration af ornelugt målt som androstenon og skatol i slagtekroppens spæk ved 

slagtning. Dette blev bekræftet for levende vægt med resultater, der viste reduceret 

androstenonkoncentration med reduceret levende vægt. Frasorteringsgræsen for 

androstenon (1 ppm) blev nået allerede ved 60 og 80 kg for hhv. vinter- og 

sommerperioder og op til omkring 100 kg steg androstenonkoncetrationen kontinuerligt 

hvorefter den blev stabil indtil 140 kg. Skatolkoncentrationen steg ligeledes med øget 

levende vægt. Alder havde overraskende nok ingen direkte signifikant effekt på 

koncentration af hverken androstenon eller skatol. Studiet kan konkludere, at en reduceret 

levende vægt ved slagtning kan være et brugbart managementredskab til at reducere 

forekomsten af ornelugt i en fremtidig produktion af intakte hangrise indenfor det 

økologiske produktionssystem. Dog er der et behov for yderligere studier, da der blev 

fundet stor variation i niveauet af ornelugt også for dyr med lav vægt. 

Det primære formål for artikel II var at undersøge om øget tilsvining i sti og for dyr øger 

koncentrationen af skatol i intakte hangrise. I analysen blev også inkluderet ornelugt målt 

som androstenon og en sensorisk evaluering baseret på sniffermetoden (human nose). 

Øget tilsvining af udendørsarealet viste signifikant positiv effekt på koncentration af skatol, 

dog som en interaktion med besætning samt sæson, der dermed viste forskellig effekt af 

tilsvining på skatolniveau mellem besætninger. Endvidere påvirkede øget tilsvining 

risikoen for et positivt udfald af sniffermetoden, dog også som interaktion med besætning.  

Tilsvining af indendørsarealer viste ingen effekt på skatol, og ingen effekt af tilsvining af sti 

blev fundet på koncentration af androstenon. Øget tilsvining af dyr havde ligeledes positiv 

effekt på både koncentration af skatol og androstenon, hvor den udfaldsgivende faktor var 

størrelsen af kropsområderne, hoved og bug, der var dækket med gødning frem for 

tykkelsen af gødningslaget på disse områder.  Tilsvining af dyr havde ingen effekt på 

positivt udfald af sniffermetoden. Besætning påvirkede både koncentration af skatol og 

androstenon samt et positivt udfald af sniffermetoden. Studiet kan konkludere, at en øget 

renlighed kan være et brugbart tiltag til reduktion af ornelugt indenfor økologisk 
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hangriseproduktion. Det skal dog tilføjes, at der blev fundet stor variation i de forskellige 

mål for ornelugt for både høj og lav tilsviningsgrad og kun en lille forskel i koncentration af 

skatol og androstenon mellem kategorierne for høj og lav tilsvining Tiltag med fokus på 

forbedret hygiejne skal således bruges i kombination med andre lugtreducerende tiltag.  

Median androstenonkoncentration var høj for økologiske hangrise (1,9 µg/g) med 10 og 

90% procent kvartiler for den samlede population på hhv. 0,53 og 4,84 µg/g. Dette 

varierede dog meget mellem besætninger. Median koncentration af skatol var på 0,05 µg/g 

med 10 og 90% procent kvartiler for den samlede population på hhv. 0,02 og 2,25 µg/g, 

også med stor variation mellem besætninger. Sensorisk evaluering baseret på 

sniffermetoden viste 18,3% positive udfald, og også her var der stor variation mellem 

besætninger og ligeledes mellem sæsoner.  

Den tredje artikel havde det primære formål at undersøge effekten af grupperingsstrategi 

og gruppestørrelse på udvalgte mål for dyrevelfærd af hangrise, såsom frekvens af opspring 

og antal sår. Her var hypotesen, at procedurer, der påvirker den sociale stabilitet i en 

gruppe, som fx omgruppering, vil have en større negativ effekt sammenlignet med en 

simpel neddeling af dyrene. Endvidere at en sådan omgruppering vil have en større negativ 

effekt i en lille gruppestørrelse (15 dyr) sammenlignet med en stor gruppestørrelse (30 

dyr). Dette blev kun delvist bekræftet, da ingen effekt af grupperingsstrategi blev fundet på 

antal sår, men med en signifikant effekt på frekvens af opspring dog som interaktion med 

besætning, der viste en forskellig effekt på tværs af besætninger. En effekt af 

gruppestørrelse som interaktion med besætning blev også fundet på frekvens af opspring, 

igen med forskellig effekt på tværs af besætninger. Dog blev der påvist en signifikant 

forskel i antal sår mellem de to gruppestørrelser med en lille stigning i antal sår for store 

grupper. Ingen interaktion mellem grupperingsstrategi og gruppestørrelse blev fundet på 

hverken opspring eller antal sår, og hypotesen omkring en større negativ effekt af 

omgruppering i små grupper blev dermed ikke bekræftet. Resultaterne peger ikke i retning 

af tydelige anbefalinger omkring grupperingsstrategi ved produktion af hangrise. Dog 

indikerer resultaterne, at det økologiske produktionssystem er favorabelt i forhold til en 

udeblivelse af øgede adfærdsproblemer hos hangrisene, i form af opspring og sår som følge 

af aggression, ikke mindst når dyrene bliver ældre. 

De forskellige managementtiltag undersøgt i nærværende projekt kunne ikke påvise et 

samlet brugbart managementkoncept for produktion af hangrise, der kan sikre et lavt 

niveau af ornelugt indenfor det økologiske produktionssystem på tværs af besætninger. 

Dog viste tiltagene i relation til opstaldning ingen alvorlige velfærdsproblemer. Forskellige 



Danish summary 
 

 
-15- 

brugbare elementer kan stadig udledes fra projektet, og resultaterne er relevante i forhold 

til en fremtidig beslutning omkring produktion af hangrise indenfor det økologiske system. 

Projektet har bidraget til at påvise, hvordan den minimale mængde viden der allerede 

foreligger om anerkendte tiltag for reduktion af ornelugt, virker indenfor det økologiske 

system. Ydermere hvordan tiltag i relation til opstaldning påvirker velfærd hos hangrise 

indenfor dette berigede system.  

Alle de undersøgte tiltag viste en interagerende effekt med besætning med stor variation 

både mellem besætninger og indenfor besætning for niveauer af ornelugt. Yderligere 

forskning i årsagen til variation af ornelugt mellem individuelle dyr er derfor nødvendig. 

Ydermere er yderligere forskning i de faktorer, der påvirker den fysiske udvikling af 

hangrise i det økologiske system interessant og brugbar, hvis en udskydning af 

kønsmodenhed, kan medvirke til en reduktion af forekomsten af ornelugt samtidig med at 

den nuværende vægt ved slagtning bibeholdes. Det er endvidere nødvendigt med 

yderligere forskning, der kan klarlægge om en socialisering af smågrise inden fravænning, 

som det bliver praktiseret indenfor det økologiske system, kan have en positiv effekt på det 

sociale miljø senere i produktionsforløbet med positiv konsekvens for adfærd hos hangrise 

og de managementtiltag, der praktiseres i forbindelse med opstaldning. Implementering af 

managementtiltag på besætninger, der både kan reducere ornelugt og samtidig være 

favorabel i forhold til dyrevelfærd er værdifuld for en fremtidig produktion af hangrise og 

har behov for mere opmærksomhed i fremtidig forskning af hangrise.  
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1 Introduction  

In Denmark castration of pigs is a routine procedure within both conventional and organic 

production. However, welfare issues related to this procedure have been highlighted in 

recent years (Prunier et al., 2006; von Borell et al., 2009), showing that surgical castration 

induces pain during and after the procedure (Sutherland et al., 2012). This has resulted in 

a declaration from the European Commission in 2010 (European Declaration on 

Alternatives to Surgical Castration of Pigs, 2010), encouraging member states to commit to 

a ban on surgical castration starting in 2018. This calls for alternative production methods, 

of which production of entire male pigs could be one solution.  

Changing the whole pig production sector to use entire male pigs is not straightforward, as 

extensive research has shown problems of boar taint in the meat of entire male pigs (e.g. 

Walstra et al., 1999), but also welfare issues arising during rearing, such as increased 

aggression and mounting behaviour (e.g. Rydhmer et al., 2006; Fredriksen et al., 2008).  

Production of pork meat with a risk of boar taint, will require a reliable and fast online 

method for detection of the compounds responsible for boar taint, mainly skatole and 

androstenone, or a method for sensory evaluation of carcasses in the slaughter house, 

which at present is not available (Haugen et al., 2012; Jensen et al., 2014). Moreover, meat 

with boar taint will require a market with consumer acceptability or will need to be used 

for processed products in order to maintain the volume of pork meat sales (Jensen et al., 

2014). In addition, with welfare issues reported for entires, it is questionable if production 

of entires will meet the requirements for a system with an increased level of welfare 

compared to the current production of castrates.   

To reduce risk of boar taint, a reduction in slaughter weight, change of feed ingredients, 

selective breeding and reduced faecal soiling are reported to have an effect (e.g. Hansen et 

al., 1994; Hansen et al., 2006b; Zamaratskaia et al., 2009; Fàbrega et al., 2011). As regards 

animal welfare, production of entire male pigs could require changes in the production 

environment during rearing compared to its current form, in order to comply with the 

changed behaviours found for entires. Suggested changes are a stable group composition, 

more available space and materials for occupation (Giersing et al., 2006; Fredriksen et al., 

2008; Thomsen et al., 2012). 

Organic farming should fit well with the production of entire male pigs as this excludes the 

welfare detriment related to the castration procedure. A high welfare production conforms 

to organic principles and is part of the marketing strategy for organic meat products. 

Furthermore, the organic production system, with outdoor farrowing, is poorly adapted in 
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practice to perform the castration intervention and, with high organic feed prices, could 

benefit more from the production of animals with a higher feed efficiency. Production of 

entire male pigs will therefore be favorable from an organic perspective. However, the 

organic farming system offers no apparent strategies for boar taint reduction, and 

knowledge about the extent of the problem and how known taint reducing initiatives work 

within the organic system is lacking. This highlights a need for investigation in large scale 

studies. Moreover, knowledge is lacking on how the rearing period is best adapted within 

the organic housing standards to accommodate the documented changed behavior of 

entires.  The organic farming system might be able to offer some of the suggested 

improvement initiatives related to management and housing, with increased space 

available, provision of roughage and occupational materials as well as access to ad libitum 

feeding. 

The objective of the present study was to investigate different management approaches in 

relation to production of entire male pigs within the organic pig production system. 

Studies focused on live weight of pigs at slaughter and soiling of pens and pigs in relation 

to occurrence of boar taint, and on housing conditions such as grouping strategy and group 

size in relation to animal welfare. A combination of these approaches was intended to 

contribute to an overall concept for production of organic entire male pigs. 
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2 State of the art/literature review  

This section will present the existing knowledge on boar taint and welfare issues of entire 

male pigs, with focus on the different on-farm management approaches that form part of 

the project objectives. First an introduction to the current organic pig farming system in 

Denmark will be given.   

2.1 Organic pig production in Denmark  

Organic pig production in Denmark constitutes only a small part of the entire pig 

production, but has been constantly increasing since the nineties (Früh et al., 2014). 

Approximately 108,000 slaughter pigs were produced within the organic sector in 

2013/2014 (Anonymous, 2014), out of approximately 18 million slaughter pigs that were 

produced in total in Denmark (Anonymous, 2013).  

2.1.1 The organic principle 

The welfare principle of organic farming is focussed on naturalness of animals, with 

natural living being a precondition for animal welfare (Lund 2006). Natural behaviour, 

understood as species-specific behaviour, feed and environment are seen as central 

features, with management and environment offering functional feedback systems 

corresponding to those present in nature, that accommodate animals’ needs. Thus the 

production system is adapted to the animals rather than adapting the animals to the 

system. Furthermore, a respect for animal integrity is an important issue (Verhoog et al., 

2004). In line with this welfare principle, organic farming has strict rules regarding 

amputations of animals (Anonymous, 2015; Council Regulation (EEC) No 2092/91, 1991). 

Still, castration has been allowed in organic pig production in order to maintain the quality 

of products and traditional production practices (Council Regulation (EEC) No 2092/91, 

1991). A surgical procedure such as castration is a significant intervention in the natural 

condition of the animal and it affects the integrity of the animal, conflicting with the ethical 

values of organic farming. Furthermore, in recent years research has indicated that 

surgical castration without anaesthesia or analgesia is a very painful operation for the pig 

(Herskin et al., 2008; Leidig et al., 2009; Sutherland et al., 2012), even before the age of 

seven days within which the procedure must be done according to Danish regulations 

(BEK no. 324 of 06/05/2003). This induction of pain during the procedure is not only 

conflicting with the organic values, but is conflicting with the general approach to animal 

welfare, where any suffering to the animals must be reduced to a minimum (LBK no. 473 

from 15/05/2014).  
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From the 1st of January 2011, the use of analgesic during surgical castration was adopted 

by law on Danish farms (BEK no. 1471 from 15/12/2010), but has been practised since 

2009 due to demands from the Danish pig sector. This implementation was primarily 

based on demands from the Dutch import market (Anonymous, 2009) and on 

recommendations from the Danish Animal Protection Council (Anonymous, 2008). 

However, surgical castration is a laborious procedure and reconciles poorly with the 

organic production system where the piglets are born outdoors. The use of analgesic 

during the procedure makes the procedure even more laborious.  

2.1.2 The production cycle 

All year round farrowing sows and piglets are kept outdoors on individual paddocks. 

Pregnant sows must have access to pasture from April 15th to November 1st (min. 150 days 

a year), and can either be kept on pasture all year round (with access to huts providing 

shelter from the weather) or indoor in deep litter system with outdoor access during winter 

(Früh et al., 2014; Anonymous, 2015). The piglets are most often able to move around 

several paddocks during lactation and are, by the time of weaning, familiar with piglets of 

other litters. The piglets are weaned at a minimum of 7 weeks of age, and then move from 

an outdoor system into an indoor system or are kept on pasture for various periods after 

weaning (Früh et al., 2014). The indoor system for weaners and fattening pigs consists of 

separate pens containing an indoor area divided into a lying area with straw bedding and 

an activity area (0.8-1.5 m2/pig, 30 - >110 kg) with partial slatted and solid floors (0.4-0.75 

m2/pig, 30 - >110 kg). Moreover, the pens include an outdoor area (0.6-1.2 m2/pig, 30 - 

>110 kg), being a concrete run with partial slatted (50% of total area) and solid floors 

(Anonymous, 2015). The pigs in the indoor facilities are most often redistributed at around 

30-35 kg when moved from the weaning unit into the growing/finishing unit.  When 

weaned, the piglets are mixed with non-litter mates in groups of varying size and, when 

moved to the finishing unit, a second mixing with unfamiliar pigs is usually conducted to 

group the animals according to weight in order to ease the slaughter procedure. Further 

mixing of animals within the production system takes place during use of sick pens and 

during transport to the slaughter house. Delivery for slaughter normally takes place during 

several draws from individual pens, as animals are sent for slaughter according to a 

specific weight, which is around 110 kg live weight in Denmark (Sørensen et al., 2011). 

Crossbreeds with a minimum of 25% Duroc are recommended (Anonymous, 2011) and a 

Duroc boar is most often used (Früh et al., 2014). Within the system, feed is provided ad 
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libitum in all sections for both sows and slaughter pigs, this being both the traditional 

cereals but also roughage, consisting of grass silage or the like (Anonymous, 2015).  

Main health problems in organic slaughter pigs reported in Früh et al. (2014) included skin 

lesions, poor body condition, respiratory problems and parasites. However, results by 

Bonde et al. (2006) showed remarks regarding skin lesions (including skin irritation, 

abscesses and hernias) to be more common in conventional pigs (8.9% vs. 5.6% of the 

animals), but found more unthrifty pigs (measured as body condition) in organic herds 

(4.75% vs. 2.9%).   

In summary, the organic production system differs from the conventional system in having 

outdoor rearing of sows and piglets, having outdoor access from indoor facilities, more 

space available, inclusion of straw bedding in all sections, ad libitum feed and provision of 

roughage. Table 1 summarizes specific differences for slaughter pigs. 

Table 1. Selected differences between organic and conventional production systems with female and 

castrated slaughter pigs. 

Slaughter pigs Organic Conventional 

Age at weaning 7-8 weeks 4 weeks 

Rearing system Indoor with outdoor run Indoor 

Space allowance (30-110 kg) 0.8-1.5 m2/pig 0.4-1.0 m2/pig 

Flooring Solid/partial slatted Slatted/partial slatted 

Occupational materials Straw bedding/straw flow No/limited straw 

Feed Cereals/Roughage Cereals 

Age (d)/weight (kg)  at 

slaughter 

171/107 165/108 

Breeds Landrace-Yorkshire x Duroc Landrace-Yorkshire x Duroc 

Sørensen et al. (2011); Anonymous (2003, 2013, 2015) 

2.2 Production of entire male pigs  

In Denmark, 1.8% of the total number of slaughter pigs produced in 2013 were produced 

as entires, corresponding to 0.3 million male pigs (Anonymous, 2013), with a variation of 

1.6-2.5% since 1997 (Jensen et al., 2014), but being unchanged in the last six years 

(Anonymous, 2013). Production of entire males in Denmark was at its maximum in the 

early nineties, with a production of approximately 100,000 slaughtered pigs each week 

(Andersen, 1997). Of the 0.3 million entire male pigs produced in 2013, only 2000 were 

produced as organic, with 3600 in 2012 and 1600 in the second half year of 2011 (Bonde, 
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2012, 2013 and 2014). The majority of these pigs were produced in relation to research.  In 

general, the organic pig production constitutes only a small part of the pig production in 

Denmark. 

The extent of entire male production differs between different countries, although exact 

numbers of entires produced in the different countries are lacking. However, a large EU 

project, PIGCAS (Attitudes, practices and state of the art regarding piglet castration in 

Europe), has gathered information on the extent of the castration procedure (Fredriksen et 

al., 2009). Numbers from 2006 show that castration was performed on 80-100% of male 

pigs in most of the EU countries, leaving only a small number as entires (approximately 25 

million per year). However, in UK, Ireland (and Australia) almost all pigs are left as 

entires, with a large percentage also in Cyprus, Portugal, Spain and Greece (Fredriksen et 

al., 2009). Recently the Netherlands has also increased the production of entire male pigs, 

with around 50% of the male pigs not being castrated in 2012 (van Wagenberg et al., 

2013). There seems to be little difference between the percentages of pigs castrated in 

conventional and non-conventional systems (Fredriksen et al., 2009), as is also the case in 

Denmark.  

Advantages of entire male pigs can be found in carcass and production traits, which differ 

between castrates and entire male pigs. Aluwé et al. (2014) reported an improved gain-to-

feed ratio and meat percentage of entire male pigs, but with no difference in average daily 

gain. However, entires tended to have decreased carcass yield. In a review by Lundström et 

al. (2009), they reported a superior growth rate of entires of up to 13%, a decrease in feed 

intake of 9%, a feed conversion rate up to 14% more efficient and up to 20% leaner 

carcasses, when compared to castrates. This can result in higher payments to the producer, 

lower production costs, of e.g. feed, and healthier meat products seen from a human 

dietetic point of view. Lower cost of feed will favour production of entire male pigs within 

the organic system, where feed prices are higher compared to conventionally produced 

feed.  Results from a Danish study (Udesen, 1988) showed a smaller difference between 

entires and castrates. For restrictively fed entires, the daily gain increased with only 0-22 g, 

the feed intake was 0.16-0.20 feed units per kg gain lower and the meat percentages was 

1.7-1.8 percentage point higher compared to castrates. Ad libitum feed entires had a 

somewhat higher meat percentage on 2.3 percentage point compared to castrates, but 

differences between entires and castrates did otherwise not differ compared to pigs fed 

restrictively.  
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Negative carcass qualities have also been reported, with Lundström et al. (2009) 

summarizing a lower killing out percentage, and a higher proportion of dark, firm and dry 

meat as well as changed fat composition, which reduces the meat quality. This will affect 

the economic value of entires. Additionally, the prevalence of boar taint of course has a 

major impact on meat quality and economic value.  

Besides carcass traits, Bonneau (1998) suggests that the output of nitrogen in manure is 

less with entire males than with castrates, due to the reduced feed intake and a better 

efficiency for nitrogen retention. This will be beneficial in an organic farming system. 

2.3 Consumer attitudes towards castration and production of entire 

male pigs 

Studies on consumer attitudes towards castration and, as an alternative, production of 

entires, have been performed. A study on conventional pig producers’ attitude towards 

castration of piglets, performed in Belgium, showed that farmers ranked surgical 

castration with anaesthesia the least favourable as regards labour conditions compared to 

surgical castration without anaesthesia, immunocastration, sperm sexing and production 

of entires (Tuyttens et al., 2012). Surgical castration without anaesthesia was perceived as 

the most favourable, both in terms of farm profitability, performance of the animals and 

effectiveness against boar taint.  The farmers, however, expected the lowest consumer 

acceptance for this method, which was also the result of a survey made in Norway, 

characterizing castration without anaesthesia as completely unacceptable (Fredriksen et 

al., 2011). When it came to production of entires, farmers viewed this as the least profitable 

and effective method (Tuyttens et al., 2012). In a survey conducted among Norwegian 

consumers focusing on piglet castration, an alternative to this named ‘no castration’ had 

the highest percentage of non-opinion answers (consumers without any opinion), and with 

a somewhat lower percentage characterizing it as non-acceptable. However, the 

information given on the alternative ‘no castration’ was low compared to the information 

on the castration practises (Fredriksen et al., 2011). ‘No castration’ was primarily rejected 

due to risk of boar taint and reduced meat quality. In a study by Tuyttens et al. (2011) on 

attitudes of a Belgian student population towards surgical castration and alternative 

strategies, provision of audio-visual information about different practices of castration 

resulted in a more pronounced positive attitude towards production of entires as compared 

to surgical castration. This was not the case with only textual information, possibly 

revealing an effect of visual knowledge increasing an aversion against piglet castration. 

Moreover, students who attached a higher importance to animal welfare compared to 
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production related aspects, strongly preferred production of entire males as compared to 

surgical castration.  

In the PICCAS project (2009), one of the objectives was to gather information on attitudes 

of different stakeholders towards piglet castration and alternatives. From this, entire male 

production was, by far, considered the best solution for animal welfare NGOs, but was 

rejected by the other stakeholders (Pig producers, feed companies, breeding companies, 

government, slaughterhouses, meat industry etc.) due to fears of driving consumers away 

from buying pork meat because of impaired quality of entire male pork. The stakeholder 

attitudes did not include consumers and citizens.  

2.4 Boar taint  

This section will include a description of the physiology of the main boar taint compounds, 

skatole and androstenone. Furthermore, the relationship between the two compounds as 

well as threshold levels and sensory evaluation of the compounds will be described.  

The castration procedure is primarily performed to avoid boar taint, and with production 

of entire male pigs there is a risk of significant prevalence of boar taint. Boar taint is an off-

flavour and off-odour of pork, mainly caused by elevated concentrations of androstenone 

(5-αandrost-16-ene-3-one) and skatole (3-methyl-indole) in the adipose tissue of entire 

male pigs (e.g. Bonneau 1982; Babol et al., 1996). The rather complex process of synthesis 

and metabolism of skatole and androstenone has been widely described in the literature 

(e.g. Claus et al., 1994; Xue et al., 1997; Jensen, 2006; Zamaratskaia et al., 2009). A 

contribution from the compound indole on boar taint has also been suggested (Annor-

Frempong et al., 1997; Aluwé et al., 2012), although such a contribution is not accounted 

for in the present study.  

2.4.1 Skatole 

Skatole is produced in the gastro-intestinal tract by microbial degradation of the amino 

acid tryptophan (Bonneau 1982; Claus et al., 1994) originating from dietary or endogenous 

protein (Xue et al., 1997; Claus et al., 1994). The amount produced is primarily regulated 

by the availability of tryptophan and the composition and activity of the intestinal bacteria 

involved in the degradation process (Zamaratskaia et al., 2009). From the gastro-intestinal 

tract, some skatole is absorbed through the gut wall into the blood, where a part will be 

transported via the portal vein to the liver. Here it undergoes a metabolic process 

degrading it to be excreted by the kidney. Unabsorbed skatole is excreted directly with 

faeces (Jensen 2006; Zamaratskaia et al., 2009). The process of metabolism includes two 
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phases involving different enzymes, of which cytochrome P450 has been identified as 

being important (Rasmussen et al., 2011). The skatole which is not degraded in the liver is 

deposited in the adipose tissue causing boar taint (Zamaratskaia et al., 2009). In a review 

by Xue et al. (1997), it is stated that 87% of the available skatole produced in the gastro-

intestinal tract is absorbed through the gut wall and transported to the liver and the 

remaining 13% is contained in faeces. Skatole is produced in entires, female pigs and 

castrates (Andersson et al., 1999; Babol et al., 2004), but the degradation process and the 

rate of elimination is suggested to be lower in male pigs than in female pigs (Jensen et al., 

1998), resulting in higher remaining levels in entires. Skatole has a malodorous smell of 

faeces and manure (Bonneau et al., 2000).  

Due to the synthesis process of skatole, the compound is mainly believed to be affected by 

environmental conditions (Jensen 2006; Babol et al., 1996), primarily feed related (Jensen 

2006; Hansen et al. 2006b; Hansen et al. 2008). However, skatole is also found to be 

related to live weight (Babol et al., 1996; Zamaratskaia et al., 2005a) (see section 2.5.1), 

and breed differences in skatole levels are reported (Babol et al., 2004). In addition to 

being absorbed from the gut, there are some indications from other studies  that skatole 

can also be absorbed either through the skin from faeces plus urine (excreta) or by 

inhalation in a gaseous form through the lungs (Nonboe, 1991 cited in Hansen et al., 1994; 

Udesen, 1992 cited in Hansen et al., 1994) (see section 2.5.2).  

2.4.2 Androstenone 

Androstenone is a male sex steroid synthesized in the testes of entire male pigs (Bonneau, 

1982), more specifically in the Leydig cells of the testis (Zamaratskaia et al., 2009). The 

production is controlled by lutenizing hormone (LH) under stimulatory control of 

gonadotropin-releasing hormone (GnRH) in the neuroendocrine system (Claus et al., 

1994; Zamaratskaia et al., 2009). The biosynthesis is low in young pigs and gradually 

increases, together with other testicular steroids, at sexual maturity (Bonneau, 1982; Babol 

et al., 1996), making puberty a central aspect in the regulation process (Zamaratskaia et al., 

2009). The androstenone level is found to be low in young boars and starts to increase 

between 14 and 18 weeks of age (Zamaratskaia et al. 2004). From the testis, androstenone 

is released into the systemic circulation via the spermatic vein and transported and stored 

in adipose tissue or transported to the salivary glands where it functions as a pheromone 

(Xue et al., 1997). A part of the androstenone from the circulatory system is metabolised in 

the liver by different enzymes and excreted through urine (Zamaratskaia et al., 2009).  

Androstenone has a malodorous smell of urine or sweat (Bonneau et al., 2000). 



State of the art 
 

 
-25- 

With levels of androstenone primarily being related to age and stage of sexual maturity, 

together with the other testicular steroids that follow an age-related pattern (Bonneau 

1982; Babol et al. 1996), a decrease in live weight at slaughter has been suggested as a 

reduction strategy (Aluwé et al. 2011; Fàbrega et al. 2011) (see section 2.5.1). As 

androstenone concentration is heritable (Winding et al., 2012), genetic selection as a 

means to reduce androstenone levels has also been suggested (Xue et al., 1997; Squires, 

2006; Zamaratskaia et al., 2009; Winding et al., 2012), however with consequences also 

for performance and sexual maturation (Squires, 2006). Furthermore, breed is found to 

influence fat androstenone as well as skatole levels, with the Landrace breed having the 

lowest fat concentrations, and Hampshire and Duroc having higher levels of androstenone 

compared to Yorkshire and Landrace (Xue et al., 1996a). Finally, seasonal changes in levels 

of androstenone have been reported (Andersson et al., 1998a) as well as an effect of group 

composition (Giersing et al., 2000; Fredriksen et al., 2006) (see section 2.5.3).   

2.4.3 Relationship between skatole and androstenone 

The relationship between androstenone and skatole has been discussed in literature, 

however with no definitive clarification. Androstenone increases around the time of 

puberty (Bonneau 1982; Zamaratskaia et al., 2005b) and it has been reported that changes 

in skatole levels also coincide with the time of puberty (Babol et al., 2004; Zamaratskaia et 

al., 2005b). An association between skatole and androstenone has been suggested, with 

Zamaratskaia et al. (2004) finding a positive correlation between skatole and 

androstenone, but with varying coefficients reported in literature (Zamaratskaia et al., 

2009). Babol et al. (1999), among others, showed that elevated levels of sex steroids, 

including androstenone, reduced the metabolism and subsequent clearance of skatole from 

the body, with the result of increased levels of skatole in the fat of the animals. This is in 

agreement with results of Rasmussen et al. (2011) and Doran et al. (2002), both showing 

that one of the main enzymes (CYP2E1) involved in liver metabolism of skatole, can be 

inhibited by concentrations of androstenone. Low levels of Cytochrome P450IIE1 in the 

liver could result in decreased metabolism and clearance of skatole, as found by Squires et 

al. (1997). Zamaratskaia et al. (2005b) also found an effect of hormonal status on skatole 

levels, but suggested that this was due to oestrogens, which were also suggested to cause 

higher skatole levels in entires compared to females by Andersson et al. (1999). 

2.4.4 Threshold levels and sensory evaluation of boar meat 

Chemical analysis of boar taint can be based on determination of androstenone and skatole 

concentrations, but different threshold values for detection of boar taint are found when 
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looking into existing literature. The ranges reported as critical for taint manifestation are 

0.20-0.25 µg/g for skatole and 0.5-2.0 µg/g for androstenone (Babol et al., 1996; Walstra 

et al., 1999; Aldal et al., 2005). Threshold levels selected would clearly affect rejection 

rates,  with an effect on the economic aspects of the production seen from the farmers 

point of view. This increases the importance of a correct classification of boar meat. 

Determination of threshold levels should be based on sensory panels or consumer 

perception of taint, but these two assessments do not always coincide as regards 

percentage shares of tainted meat (Xue et al., 1996b; Bonneau et al., 1992; Aluwé et al., 

2012). 

In an international study investigating the importance of skatole and androstenone for 

boar taint, Bonneau et al. (2000) concluded that sorting on both skatole and androstenone 

would reduce consumer dissatisfaction between meat from entires and gilts, and that the 

levels would need to be reduced to levels within or close to the levels observed in castrates 

and gilts (0.20 µg/g for both skatole and androstenone). Boar taint detection by sensory 

evaluation is aimed at reflecting consumer sensitivity, and this aspect is important in terms 

of a beneficial future production of entire male pigs. Bonneau et al. (2012) found meat with 

very low levels of skatole and androstenone to be as well accepted as gilt pork by 

consumers as regards flavour of the meat. Other studies on attitudes of consumers towards 

meat from entires have shown that some consumers appreciate meats from boars with 

high levels of androstenone as much as they like the same meat cuts from gilts or castrates, 

however with lower evaluation of boar meat among consumers perceiving the boar odour 

negatively (Bonneau et al., 2012; Meier-Dinkel et al., 2013). The effect of sensitivity to 

androstenone on acceptance of boar meat was also reported in other studies of consumer 

acceptability reviewed by Font-i-Furnols (2012). However, from the various boar taint 

studies reviewed, the overall conclusion was that boar taint affects consumer acceptability 

scores of pork and that the effect of boar taint is higher in odour than in flavour, with 

acceptability depending on levels of both skatole and androstenone in the meat.  Matthews 

et al. (2000) reported an increased negative reaction of consumers in seven European 

countries towards odour than towards flavour, with the reaction being stronger for skatole 

than androstenone. Font-i-Furnols (2012) reported approximately 45% of consumers 

being sensitive to androstenone and 82% to skatole. A Danish study on consumer attitudes 

towards various meat cuts from entires reported an average of 30.3% being sensitive to 

androstenone (Aaslyng et al., 2014).  

As regards detection of boar taint, several methods exist (Aluwé et al., 2012; Jensen et al., 

2014), but according to a review of analytical methods to measure boar taint performed by 
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Haugen et al. (2012),  there is a need for further validation of the existing methods and for 

standardisation of these. So far, no international accepted and validated on-line method is 

available that fulfills the requirement for use in the abattoir industy (Jensen et al., 2014). 

This is important to remedy if a production of entire male pigs is to be implemented in the 

future.  

2.5 On-farm management approaches in relation to boar taint 

This section will provide a review of the research done on investigation of different 

approaches to on-farm management affecting boar taint concentrations. 

2.5.1 Weight at slaughter 

Weight at slaughter is suggested to be correlated with boar taint, in particular 

androstenone (Aluwé et al. 2011; Fàbrega et al. 2011). Fàbrega et al. (2011) present results 

showing that weight affects distribution of androstenone levels within the population, with 

a higher percentage of animals with high levels at a live weight of 130 kg compared to 105 

kg. Also, Aluwè et al. (2011) found an effect of weight with higher androstenone levels in 

entires slaughtered at 90 and 110 kg compared to 50 kg live weight, however with a 

difference between breeds. Furthermore, Chen et al. (2007) and Nicolau-Solano et al. 

(2007) found higher androstenone levels in heavier animals (90-115 kg live weight and 70-

91 kg carcass weight, respectively). In a study dealing with organic male pigs, an increase 

in androstenone with increasing weight was found for pigs slaughtered between 40 and 

100 kg live weight (Jensen et al. 2005). Contradictory results have been found by 

Andersson et al. (2005), with no reduction of either androstenone or skatole at a live 

weight of 90 kg compared to 115 kg. Aldal et al. (2005) found incidences of relatively high 

androstenone and skatole levels in young boars at a live weight of 75 kg, although with 

great variation between herds. Maribo (2012) found no connection between slaughter 

weight (75 – 92.9 kg) and level of androstenone in a study with organic male pigs, although 

the level of androstenone was high compared to levels reported in other studies.  Effects of 

weight on androstenone are believed to stem from the link between puberty and 

androstenone, as androstenone is related to pubertal changes (Zamaratskaia et al., 2005b) 

(see section 2.4.2).  

As skatole is assumed to be more affected by environmental factors (Babol et al., 2004) an 

effect of slaughter weight is not expected. However, Babol et al. (2004) found skatole levels 

to be related to puberty as they found increasing levels of skatole with increasing age 

(maximum level at 240-360 days and after that decreasing levels). Zamaratskaia et al. 

(2005a) found higher skatole levels in high-weight groups of pigs (115 kg) compared to 
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low-weight groups (90 kg), but other studies have reported no effect of live weight on 

skatole (Aluwé et al., 2011; Nicolau-Solano et al., 2007 (carcass weight); Chen et al., 2007). 

The existing results on slaughter weight and the effect on androstenone and skatole are 

rather variable, and factors as breed and onset of puberty between and within breeds may 

be of importance (Zamaratskaia et al., 2009; Aluwè et al., 2011). Moreover a seasonal effect 

on androstenone and skatole has been reported (Fredriksen et al., 2006; Andersson et al., 

1998a,b; Walstra et al., 1999), with season affecting sexual maturation in the pig 

(Andersson et al., 1998b; EFSA 2004).  

Effects of slaughter weight have not been investigated in large scale studies within the 

organic production system. Within this system a proposed slower growth (Hansen et al., 

2006a) and use of breeds (Duroc) with a documented high level of androstenone compared 

to other breeds (Xue et al., 1996a) could influence the effect on slaughter weight. With 

outdoor access and a natural light regimen, a seasonal influence could be enhanced. These 

factors heighten the importance and interest of studying the effects of live weight on boar 

taint levels within the organic system. Effects of slaughter weight on boar taint are 

evaluated in section 6.1. 

2.5.2 Faecal soiling 

Hansen et al. (1994) studied the effect of faeces deposition and stocking rate, together with 

the effect of changing these parameters a week prior to slaughter, on the level of skatole in 

subcutaneous fat using female and entire male pigs. The pigs were kept on concrete floors, 

with carefully cleaning at least a week prior to slaughter in pens of clean pigs. The results 

indicated that keeping the pigs dirty at a high stocking rate for at least a week prior to 

slaughter, as compared to keeping the pigs clean at a low stocking rate, increased the 

skatole concentration in back fat of the pigs. The difference between dirty and clean was 

much greater in the summer compared to winter, where also skatole concentrations were 

higher independent of treatment (both dirty and clean). Furthermore, skatole 

concentrations were higher in males compared to females, although only in the summer 

time. Hansen et al. (1994) concluded that it was possible to change skatole concentration 

in subcutaneous fat within a week, either decreasing or increasing the concentration by 

keeping the pigs either clean or dirty. They excluded increased microbial production and 

absorption of skatole as a reason for increased skatole concentrations in dirty pigs. Skatole 

concentration was measured both in faeces and in back fat, and the concentration in faeces 

was not different between treatments, sex and temperature and further there were no 

correlation between concentration in faeces and in fat. Coprophagy was also excluded as a 
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reason for the higher skatole concentration in dirty pigs. It was hypothesized in the study 

that increased skatole concentration in back fat of dirty pigs could either be caused by 

absorption through the skin and/or the lungs.  

This hypothesis was further supported by a study of Hansen et al. (1995), who also 

concluded that pigs kept at high stocking rates on concrete floors, lying in copious amounts 

of faeces and urine, at high temperatures for at least a week prior to slaughter, did have 

higher skatole concentrations in subcutaneous fat than pigs kept clean on a wholly slatted 

floor. Here both dirty and clean pigs were kept at the same high stocking rate (0.6 m2 per 

pig) and high temperatures (≥ 25 °C), concluding that these parameters do not affect 

skatole levels if the pigs are clean. The study further confirmed that it was possible to 

change the skatole concentration within a week prior to slaughter.  

 It has been indicated that production of skatole in excreta was higher at high temperatures 

(Hansen et al., 1993). Friis (1993) showed that around 40 % of radioactive marked skatole 

passed through the skin of the belly in contrast to only 6 % on the back. Regarding 

absorption through the lungs, it is possible that some of the skatole produced in faeces and 

urine at high temperatures are transformed to a gaseous form (Nonboe, 1991 cited in 

Hansen et al., 1994). It is however dependent on a reasonable amount of excreta holding 

tryptophan and a high temperature within the excreta for maximum microbial production 

of skatole.  

Neither of the studies of Hansen et al. (1994, 1995) can determine which of the two routes 

of absorption has the greatest influence on skatole concentration, leaving both ways as a 

possibility for increasing skatole concentration.  

A recent study by Aluwé (2011) further investigated the hypothesis on absorption of 

external skatole. They included a control group where pens were mucked out each day, a 

dirty group where the pigs were rubbed in their own manure once a day and a clean group 

where the pigs were washed daily and pens were kept clean. Furthermore, all pigs were 

kept in pens with concrete floors at the same stocking rate. The results showed that only 

one of the used methods for detection of boar taint (standardized consumer panel) 

indicated an elevated concentration of boar taint in males from the dirty group with extra 

soiling. Methods designed to specifically detect skatole concentration did show any 

difference in boar taint between treatments. They suggested that the missing differences 

between treatment groups could be due to an overall low average skatole concentration, 

either due to a genetic component of the hybrid pigs used or the season of the experimental 

period, with animals being slaughtered during winter. In addition, the clean group had the 

numerically highest concentration of androstenone, which might be detected by the 
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androstenone sensitive methods but not by the consumer panel, revealing no difference in 

boar taint levels between treatment groups. The findings by Aluwé et al. (2011) thus 

provide only limited support to the hypothesis of Hansen et al. (1994 and 1995).  

A recent study by Bekaert et al. (2012) could neither confirm the findings by Hansen et al. 

(1994 and 1995). They had soiling scores for 102 pigs based on percentage of different body 

regions being soiled, and reported that concentration of skatole in fat decreased with the 

amount of soiling in 18-week-old entire male pigs. No association between soiling and 

skatole at other ages (10-24 weeks) was shown, but they found a positive correlation 

between fat androstenone level and soiling in pigs of 20 and 22 weeks of age, although 

without being able to explain the results.  Soling was not found to significantly affect 

sensory evaluation of fat from a hot iron method. 

In Denmark, organic pig production demands that slaughter pigs have access to an 

outdoor area. This area is mainly used for defecating (Møller et al., 1998; Olsen et al., 

2001), leaving the area periodically with great amounts of manure, which increases the risk 

of pigs being heavily fouled with manure. Furthermore, floor type requirements demand 

that more than half the area available per animal should be solid (section 2.1.2) causing a 

possible effect on skatole levels (Sloth et al., 1994). These factors heighten the importance 

and interest of studying the effects of faecal soiling on boar taint levels within the organic 

system. Effects of faecal soiling on boar taint are evaluated in section 6.2. 

2.5.3 Group composition and housing system 

Different group compositions, e.g. mixed litters or mixed sex, could be postulated to affect 

the physiological development of pigs, as there is an effect of these aspects on pig 

behaviour.  

Mixing of unfamiliar pigs has been suggested to influence the onset of puberty, possible 

influencing the androstenone level. This has been shown by Fredriksen et al. (2006), who 

found a lower level of androstenone in groups reared in farrow-to-finish pens compared to 

a group comprised of pigs coming from different litters.  This was supported by findings by 

Salmon et al. (2007) who found entire male pigs held in groups of mixed litters to be more 

physiologically mature at slaughter compared to stable litter groups. On the contrary, 

Rydhmer et al. (2013) did not find an effect of mixing unfamiliar pigs vs. stable litter 

groups.  

Rearing entires in mixed sex groups compared to single-sex groups has also been 

investigated in relation to production of boar taint. It has been suggested that the presence 

of female pigs might accelerate the onset of puberty of male pigs (Zamaratskaia et al., 
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2005a). Presence of female pigs could then influence time of onset of androstenone 

synthesis, however, with no effect on the level to which androstenone finally increases. 

Patterson et al. (1984) found the highest levels of androstenone in boars raised in mixed 

sex groups compared to boars raised in single sex groups. The effect was only significant in 

heavy weight boars. Zamaratskaia et al. (2005a) found an increase in both skatole and 

androstenone levels in mixed sex groups compared to single-sex groups, although for 

androstenone the effect was only significant in low-weight pigs. Results from a study by 

Allen et al. (1997) showed no effect of group composition on boar taint levels, measured as 

androstenone by human sensory evaluation, and Courboulay et al. (2013) found lower 

levels of androstenone in mixed sex groups.  In a study by Fàbrega et al. (2011), no 

difference in androstenone levels was found between groups with visual contact to females 

or no contact. Salmon et al. (2006) found a tendency towards a reduced physiological 

development of entires reared in contact to females with reduced androstenone and 

skatole levels compared to entires with no contact, concluding that female contact did not 

accelerate the age at maturation of boars. From the results presented, the effect of female 

contact on maturation and boar taint levels in entire male pigs are not clear.  

When pigs are grouped, a social organisation will be formed, with pigs attaining different 

hierarchal positions (Turner et al., 2004). Giersing et al. (2000) found that high ranking 

animals had the highest hormone levels with rank significantly affecting androstenone 

levels (measured in plasma) in entire males. In addition, a high level of androstenone in a 

pen was related to a higher level of aggression, but high levels of aggressive behaviour in a 

pen did not increase the level of androstenone. Zamaratskaia et al. (2005b) found no 

relationship between boar taint and aggressive behaviour.  

Housing environment could also be suggested to influence pubertal development, further 

affecting boar taint levels, since activity levels and social behaviour patterns are changed 

(see section 2.7.5). The research in this area is scarce and the results obtained do not show 

any clear effects. Prunier et al. (2013) found no difference in pubertal development, 

measured as testis weight, or boar taint compounds, between a conventional rearing 

system and an enriched system. Similar results were found by Salmon et al. (2008b), with 

a straw yard environment showing no influence on physiological development and 

androstenone levels. The effect of group composition on boar taint levels would need to be 

further investigated in relation to rearing of entire male pigs in more extensive 

environments.  
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2.6 Animal welfare and entire male pigs 

This section includes a review of the research on the welfare issues related to production of 

entire male pigs, focusing on management approaches and housing conditions. First a 

definition of animal welfare will be given.  

2.6.1 Animal welfare definitions 

Animal welfare is a term widely used within animal science, and in recent years also in 

both public media and amongst consumers of meat products. In general animal welfare 

refers to one or several aspects of an animal’s quality of life (Fraser et al., 1997), but still 

animal welfare is a term understood in many different ways when asking different people. 

Three different, well established welfare concerns exist, discussed by Fraser et al. (1997). 

One of these is focussed on natural living, which emphasizes that the conditions in which 

the animals are kept should allow them to perform natural behaviour and live a natural 

life. This concern is in accordance with the welfare approach of organic farming, as 

described previously.  A second concern is based on the biological functioning of animals, 

which emphasizes the importance of health and the normal or satisfactory functioning of 

the animals’ biological systems. If the state of an animal, at a particular time, results in the 

animal failing to cope with its surroundings, it will show some direct signs of this  

(physiological reactions), and the animal will experience a state of bad welfare. Hence 

welfare is defined by an animal’s state as it attempts to cope with its surrounding 

environment (Broom, 1996). The third concern is based on animal feelings and emphasizes 

the affective experiences, such as feelings and emotions of animals. A feeling is defined by 

Duncan (1996) as an ‘affective subjective state’ and includes both subjective feelings 

(emotions) and cognitive processes (physiological arousal and behavioural reactions), and 

welfare should be assessed in terms of such conscious states of the animal. 

When assessing animal welfare, one must choose which welfare definition or ethical 

concern should form the basis of the research, in order to address the focus and interpret 

the findings of the research in a successful way (Fraser et al., 1997). However, one should 

have in mind that, when using any one of the existing welfare definitions as the value 

position of one’s research, it may lead to poor welfare as seen from another point of view 

(Fraser 2009).  The welfare definition forming the basis of the current study is based on 

the affective state of an animal.  
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2.6.2 Welfare issues of entire male pigs 

Welfare issues related to surgical castration of male pigs have been reported (Prunier et al., 

2006), and these form the background for seeking alternative methods for production of 

pig meat. However, welfare issues of the alternative production methods must be 

considered in order to decide whether each is a better way of production.  

There is evidence from studies of conventional pig production systems that production of 

entire male pigs may face welfare challenges, particulary increased levels of aggression and 

detrimental sexual behaviours (Rydhmer et al., 2006, Fredriksen et al., 2008). The 

changed behaviours observed are believed to be caused by the changed hormonal status of 

entires, with an increased level of testicular steroids in entires compared to castrates 

(Signoret, 1976).  

2.6.2.1 Aggression  

Aggressive behaviour in pigs can in general be defined as species-specific behaviours 

associated with threats, pressing and pushing, thrusts and bites. It is usually directed at the 

head and shoulder region, performed in a parallel or anti-parallel position (Hagelsø 

Giersing et al., 1996). Aggression is thought to be a rather stable trait of individual pigs, 

meaning that pigs express personality differences in their tendency to show aggressive 

behaviour (D’Eath et al. 2002; Clark et al., 2013). The frequency of the behaviour is much 

depending on the surroundings of the animals (system and management) and different 

factors are found to affect the level of aggressive behaviour in a group of pigs, e.g. limited 

resources (e.g. feed), regrouping (formation of hierarchy), stocking density and group size 

(Coutellier et al. 2007; Street et al. 2008; Hagelsø Giersing et al. 1996). Aggressive 

behaviour is an important welfare indicator, not least when dealing with entire male pigs. 

Elevated aggression levels can affect the welfare of the animals by generating negative 

feelings such as fear, exhaustion or pain. It can furthermore cause stress reactions, give 

rise to injuries, such as skin lesions, and in extreme cases death (Velarde et al., 2007). 

Within the conventional production system several studies on aggressive behaviour of 

entire male pigs have been made. The results of these are rather unambiguous, with the 

majority of studies reporting entire male pigs to have a higher aggression level compared 

to castrated male pigs (Cronin et al. 2003; Fredriksen et al. 2008; Fàbrega et al. 2010) and 

compared to female pigs (Rydhmer et al. 2006; Boyle et al. 2007; Fredriksen et al., 2009; 

Fàbrega et al. 2010; Vanheukelom et al., 2012). In these studies different group 

compositions were used. Rydhmer et al. (2006) found that entires in single sex pens 

displayed more aggressive behaviour compared to females, but less aggression compared 



State of the art 
 

 
-34- 

to entires and females in mixed sex pens. Boyle et al. (2007) found more aggression in 

entire male pigs and mixed sex groups of entires and females compared to single sex 

female groups. Fredriksen et al. (2008) found more aggression in entires compared to 

castrates when the animals were reared in mixed sex groups in farrow-to-finish pens. 

Regarding housing systems, only few studies with entire male pigs have been conducted 

within the organic production. In a study by Thomsen et al. (2012) they did not find entire 

males to display more aggressive behaviour compared to females (at one registration point 

the females had a higher frequency than the entires). As regards skin lesions, no clear 

difference between males and females was found. In contrast, Holinger et al. (2014) found 

more fighting and mounting behaviour in entires compared to castrates when reared under 

organic housing conditions. In a small scale study by Jensen et al. (2005), dealing with 

entires raised in outdoor tents together with siblings, the results showed slightly more 

aggression (nudging) in entires compared to females, but the level in both sexes was very 

low.  

2.6.2.2 Mounting 

Mounting behaviour is part of the pigs’ normal behavioural repertoire (Hemsworth et al., 

2007) primarily related to sexual behaviour (Cronin et al., 2003; Rydhmer et al., 2006; 

Fredriksen et al., 2008), and is highly influenced by castration (Rydhmer et al., 2010). 

Mounting behaviour has also been classified in relation to other circumstances, for 

instance during a fight, when animals are crowding, while playing with straw and when 

using another animal to get access to objects out of reach (Hintze et al., 2013). Mounting 

behaviour is found to be a consistent trait of the individual animal rather than the 

appearance of random outbreaks (Hintze et al., 2013; Clark et al., 2013). Mounting is 

suggested to disturb all pigs in the pen and not just the pigs involved in the mounting event 

(Rydhmer et al., 2006). The behaviour induces high pitch vocalisations from the mounted 

pig (Hintze et al., 2013) indicative of feelings of discomfort. It is furthermore suggested to 

cause injuries and give rise to leg problems (Rydhmer et al., 2006) resulting in pain. As a 

consequence, elevated mounting levels cause reduced welfare. 

Results on mounting behaviour from studies of entire male pigs have been rather 

unambiguous, with entire males being more sexually active and performing more 

mounting behaviour than castrated males and female pigs (Cronin et al., 2003; Rydhmer 

et al., 2006; Boyle et al., 2007; Fredriksen et al., 2008; Fredriksen et al., 2009; Fàbrega et 

al. 2010; Vanheukelom et al., 2012; Hintze et al., 2013). This was also found within the 
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organic production system, with more mountings among entire male pigs compared to 

females (Thomsen et al., 2012; Jensen et al., 2005). 

2.6.2.3 Lameness 

Lameness generates feelings of pain in animals and it can reduce the freedom to move 

around, affecting the animals’ feeding and social behaviour (Jørgensen et al., 2003; Bonde, 

2003). Lameness can occur as a consequence of physical injury, infection or inherent leg 

weakness (Velarde et al., 2007). Other parameters possibly affecting the extent of lameness 

are construction and cleanliness of the floors. In addition, mounting of heavy weight pigs is 

suggested to increase the risk of leg problems in entires (Rydhmer et al., 2006). This risk 

will increase with frequency of mounting and weight of the pigs in addition to an impact of 

floor construction (Boyle et al., 2007). 

2.7 On-farm management approaches in relation to animal welfare 

In order to accommodate the changed behaviours of entires, changed management 

approaches and housing conditions might improve the welfare of the animals during the 

rearing period.  

2.7.1 Single-sex rearing 

The Danish pig production system often rears castrates and female pigs in mixed sex 

groups. Mixing of entires and female pigs could, however, pose challenges in relation to 

animal welfare. 

The effect of rearing entires in single-sex and mixed sex pens on aggression has been 

investigated in different studies, showing no unambiguous results. Boyle et al. (2007) 

concluded that the welfare of entire males in single-sex groups was poorer than entire 

males in mixed groups, as they found higher aggression levels in single-sex groups of entire 

males compared to mixed sex groups and single-sex female groups. However, Rydhmer et 

al. (2006) doubted that rearing the pigs in mixed pens could reduce the aggressive 

behaviour of entire males, since the presence of females did not seem to influence the 

aggressive behaviour of the males. They found that more aggressive interactions were 

initiated by entire males, as also found by Giersing et al. (1998). Conte (2010) found no 

difference in aggression levels between groups of single-sex entires or entires mixed with 

females. This was also the result of a study on group composition of organic entire male 

pigs reported by Holinger et al. (2014).  

As regards mounting behaviour, an effect of group composition in terms of single-sex 

entire male groups versus mixed sex groups has also been found. Rydhmer et al. (2006) 
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and Conte (2010) found that entires in single sex pens displayed more sexual behaviour 

compared to entires and females in mixed sex pens, and Rydhmer et al. (2006) suggested 

that the presence of females did not stimulate entire males to perform more sexual 

behaviour. This was also the result of a study by Salmon et al. (2006), where entire male 

pigs without contact to females performed more sexual behaviour, than entires with 

contact to females in adjacent pens. Somewhat contradictory results were found in a study 

by Boyle et al. (2007) and Hintze et al. (2013), as they found no difference in mounting 

between groups of entire male pigs and mixed sex groups of entires and females. Whether 

the presence of female pigs affects the mounting behaviour of entire males is thus not 

clear, but Hemsworth et al. (2007) reported that housing entires in isolation of female pigs 

markedly reduced their sexual behaviour. Also, a study by Zamaratskaia et al. (2005b) 

suggested that the presence of female pigs might influence puberty onset in entire male 

pigs, with increased mounting behaviour as a consequence. However, Giersing et al. 

(2006) suggested that male pigs reared together stimulate each other to mount.  

In a study by Thomsen et al. (2012), the results indicated that seperation by gender from 

weaning to slaughter did not lead to compromised animal welfare for the entire male pigs 

compared to similar groups of female pigs when raised within organic pig production. This 

indicate that rearing the entires in single-sex groups could be a practical solution, not least 

to avoid the non-ethical situation of female pigs being pregnant when delivered for 

slaughter (Andersson et., 1999).  

2.7.2 Grouping strategy 

A normal management procedure within pig production is mixing and regrouping of 

unfamiliar pigs. As described privously, this usually occurs in the organic system at 

weaning and at insertion into the finishing section. The procedure of mixing is performed 

to optimise the utilisation of the pens and to minimise variation of weight at slaughter 

within groups of pigs. Mixing of unfamiliar pigs can also occur by use of sick pens and 

during transport to slaughter.  

With formation of a new group, a dominance hierachy is established to form a stable group 

and minimize costly aggressive interactions (Turner et al., 2004). However, with an abrupt 

disruption of a stable social group, interupting the social stability, re-establishment of a 

new hierarchy is necessary (Ewbank et al., 1971).  

It is known from numerous studies of conventionally raised pigs that regrouping of pigs in 

general will increase aggression levels with detrimental effects on welfare (e.g. McGlone 

1985; Giersing et al., 2000 ; O’Connell et al., 2005; Coutellier et al., 2007; Fredriksen et al., 
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2008). Aggression levels are high in the first hours after mixing and will then decrease as 

the dominance hierarchy is established (Coutellier et al., 2007). However, in finishing pigs 

fighting has been observed more than eight days after mixing (Stookey et al., 1994) and 

even up to 6 weeks after mixing (Ekkel et al., 1997).  

Studies have shown that rearing environment early in life can affect the behavioural 

development, consequently modifying behavioural responses of piglets to stressful 

environments in later stages of the production (Hillmann et al., 2003). This is supported 

by D’Eath (2005), who showed that socialising piglets before weaning improved their 

social skills with beneficial effects during future encounters with unfamiliar pigs, as for 

instance occuring during regrouping. Li et al. (2011), investigating the effect of previous 

housing system on aggressive behaviour at mixing, reported that pigs from a group-

farrowing environment were less aggressive compared to pigs from a confined farrowing 

crate when being mixed in new groups, suggesting that pigs from the group farrowing 

system were more tolerant of unfamiliar pigs probably due to their exposure to large 

groups early in life. This was supprted by findings by Kutzer et al. (2009) and Hillmann et 

al. (2003), dealing with familiarisation of piglets before weaning. In accordance, as regards 

entire male pigs, Rydhmer et al. (2013) found that frequency of aggressive interactions was 

lower among pigs which had been socialised with other pigs prior to weaning and kept in 

un-mixed groups, compared to pigs not being socialised and mixed at weaning.  

Besides the effect of social experience early in life, the consequence of grouping is also 

affected by familiarity of the pigs within a group, as familiar pigs fight less than unfamiliar 

pigs (Giersing et al., 1998; Li et al., 2009). A grouping strategy favouring simple relocation 

of animals, going from a large to a smaller group size without mixing unacquainted pigs, 

will have less detrimental effects on the pigs, as shown by Li et al. (2009), with fighting 

and associated injuries being minimal when grouping familiar pigs compared to grouping 

of unfamiliar pigs. 

Grouping pigs according to weight, which is the normal procedure with finishing pigs, has 

been shown to result in longer fights and more frequent biting in groups of pigs similar in 

weight compared to groups with a larger variation in weight (Rushen 1987). This was also 

the result of studies by Andersen et al. (2000) and Schmolke et al. (2004), concluding that 

the principle applies to both small and large groups as well as complex social groupings of 

pigs (Schmolke et al., 2004).  O’Connell et al. (2005), found no impact on aggression of 

weight variaton with groups of entire male pigs mixed with females. However, 

establishment of a dominance hierarchy after regrouping of pigs could be faster and less 



State of the art 
 

 
-38- 

damaging with pigs of different weight, as suggested by Conte (2010), possible due to 

greater ability to determine the strenght of opponent penmates (Andersen et al., 2000). 

Conte (2010), however did not find an effect of weight variation on levels of aggression and 

mouting behaviour in groups of entire males with either low or high weight variation.  

As regards grouping of entire male pigs, studies have been conducted comparing behaviour 

in groups following different grouping strategies. As also described previously, Rydhmer et 

al. (2013) found that entire males reared in intact groups and being socialised prior to 

weaning showed less aggression and had fewer skin leisons compared to unfamiliar pigs in 

mixed groups. Fredriksen et al. (2008) found more aggression and a higher skin lesion 

score in groups of entires and female pigs reared in mixed groups (mixed one time after 

weaning) or in farrow-to-finish pens although the aggression level was higher compared to 

a castrate group. Fàbrega et al. (2013) found no significant effect on sexual or agonistic 

behaviour, but a difference in skin lesions, between groups mixed at weaning and groups 

reared without mixing from weaning to finish with socialisation with different litters prior 

to weaning.  

Studies with regrouping of pigs have mainly focused on aggression levels and amount of 

skin lesions, as this is related to the basic social organisation of pigs, with formation of a 

dominance hierarchy (Turner et al., 2001). However, as with the increased level of 

mounting found in entires, disturbances inflicted by the regrouping event might also affect 

mounting levels and exacerbate sexual maturation as suggested by Fredriksen et al. 

(2008). However, Rydhmer et al. (2013) found higher mounting at start of the study 

(shortly after group formation) in intact groups being socialised prior to weaning 

compared to unfamiliar pigs in mixed groups, with no difference when measured prior to 

slaughter. Fabrega et al. (2013) and Fredriksen et al. (2008) found no effect on mounting 

behaviour in a wean-to-finish or farrow-to-finish system, respectively, compared to mixed 

groups, and Rydhmer et al. (2013) suggested that their results was affected by pigs in the 

intact groups being less occupied with aggression and spending more time on mounting.  

Research in this area is scarce, and more investigations are needed in order to fully 

understand the effect of grouping on levels of mounting behaviour.  

Within the organic production system, natural socialisation of piglets prior to weaning 

could possibly affect the impact of grouping on aggression and mounting behaviour.  
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2.7.3 Group size 

Group size can affect the social strategy of pigs at mixing (Turner et al., 2003). In a small 

group of pigs, a clear dominance hierarchy is the basic social organisation (Turner et al., 

2001). This is formed by initial contests among the group members and, to be maintained, 

the pigs need to recognize the group members and remember the outcome of the initial 

contests (Turner et al., 2001). The number of relationships to be established increases with 

group size, with more relationships to establish and maintain, consequently resulting in 

increased aggression levels (Spoolder et al., 1999).  

The number of unfamiliar pigs might be increased in large groups compared to small 

groups, for instance by increasing the number of litters to be mixed. This should increase 

the amount of fighting (Arey et al. 1995). Large groups are often more heterogeneous 

compared to small groups, and Andersen et al. (2000) found less aggression in 

heterogeneous groups with a greater weight difference among the pigs, as mentioned 

previously. This is in accordance with Schmolke et al. (2004) and Turner et al. (2001) who 

reported less aggression in large groups compared to small, with group sizes of 20, 40, 60 

and 80 animals (Schmolke et al., 2004) and 20 versus 80 animals (Turner et al., 2001). 

Spoolder et al. (1999), on the other hand, found more skin lesions in large groups (40 and 

80 pigs) compared to small groups (20 pigs) and Morrison et al. (2003b) also found more 

agonistic behaviour in a large group of entire male pigs in a deep-litter housing system 

(200 pigs) compared to a group of 20 pigs in a conventional housing system. 

In large groups, pigs may not be able to recognize and discriminate between each other,  

and the dominance hierarchy would then need to be reinforced successively  resulting in 

changed social behaviours of the pigs (Turner et al., 2004). The social organization is more 

complex in large groups compared to small groups with a more stable social organization. 

Turner et al. (2004) discussed different aspects of formation of a dominace hierarchy in 

large groups compared to small groups. They came to the conclusion that various factors 

might have an influence. In large groups, a greater degree of avoidance of aggressors is 

possible with greater pen dimensions, which was also suggested by Schmolke et al. (2004) 

and Spoolder et al. (1999). It is also possible that the pigs fight until a ceiling of fatigue or 

injury is reached or that the use of status signalling is more widespread. Another strategy 

suggested by Esteves et al. (2007), to explain the findings of a reduced aggression level in 

large groups, is based on tolerance, where animals increases their tolerance towards pen-

mates and refrain from aggressive interactions when the cost of forming a dominance 

hierarchy is higher than the benefit. This was confirmed by Schmolke et al. (2004) and 
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Samarakone et al. (2009). Yet another strategy for maintaining a social organisation in 

large groups is a strategy of sub-grouping, that reduces the effective group size and can be 

achieved by either remaining in a resticted area only or by preferentially associating close 

to specific individuals irrespective of their location (Turner et al., 2003). Turner et al. 

(2003) found no evidence of a sub-grouping strategy in groups of 80 pigs, possible being 

affected by limited space available and the necessity to share a common feeding area 

inhibiting the occurence of different demographic sub-groups. 

Looking at group formation in wild and feral pigs, differences from  the commercial  pig 

production system are found. Groups of wild pigs often consist of 2-6 sows, their recent 

litters (5-6 piglets) and juvenile offspring of previous litters. The mature boars live solitary 

or in all-male groups (Graves 1984). A group size of 30 animals is therefore not uncommon 

in the wild and could reflect an optimal group size as regards social organization within a 

group. However in commercial production systems unfamiliar pigs of similar age and 

weights are often mixed and this may be affecting behaviours which evolved to suit the 

natural group formation and size. 

Andersen et al. (2004) concluded from a theoretical model on aggression among 

unaquainted pigs as a function of group size, that pigs are able to alter their behaviour 

according to how the competitive situation changes with group size. It is unknown at what 

group size the social behaviour is changed in relation to establishment of a typical 

dominance hierarchy, but Turner et al. (2001) suggested that a group size of 80 pigs was 

associated with a modification in social strategy. Moreover, how many pigs one pig can 

recognize is unknown, but around 20-30 pigs has been suggested (Fraser et al., 1998 cited 

in Morrison et al., 2003b).  

Social organization within a group is important for the welfare of the animals but, as 

discussed above, group size and grouping strategy can influence this organization in 

different ways. Management approaches across organic and conventional systems include 

grouping in different ways with different number of animals within pens. Effects of this 

have only to a limited degree been investigated for entire male pigs and never previously 

within the organic production system. No special issues as regard group size are present 

within the organic production system as compared to the conventional system, however, a 

demand for both indoor and outdoor areas in the organic system could results in larger 

groups in general compared to the conventional system.  
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2.7.4 Split marketing 

A common practice within commercial pig production is to remove the heaviest animals 

from each pen for slaughter over a period of time, thus practicing split marketing. 

Removing animals from an established group is likely to change the social structure and 

behaviour of the group, by disrupting the dominance hierarchy and stimulating aggression 

(Ewbank et al, 1971). On the other hand, practising split marketing decreases the stocking 

density of the remaining pigs. Studies with entire male pigs have found split marketing to 

result in increased aggression among the remaining pigs (Fredriksen et al., 2009; 

Rydhmer et al., 2006), however with a reduction in aggression at feeding in a study by 

Conte et al. (2012). In contrast, Boyle et al. (2007) found no effect on pig behaviour, but an 

increase in skin lesion scores and Conte et al. (2012) found no effect on aggression between 

feed events as well as on number and severity of skin lesions. No effects on either 

aggressive behaviour or skin leison scores were found in the ALCASDE project (2009). 

Fabregá et al. (2013) reported that lesion scores were affected by split marketing, however 

only in groups of entires reared in wean-to-finish groups, where the percentage of pigs 

with no lesions was higher after split marketing. In the mentioned studies (Fredriksen et 

al., 2009; Boyle et al., 2007; Conte et al., 2012) split marketing had greater effect on entire 

males compared to female pigs and is suggested to have less negative consequences on 

welfare in a wean-to-finish system. 

An effect of split marketing on the behaviour of the remaining animals could be more 

pronounced in smaller groups, as these groups often have a more stable and rigid social 

structure compared to large groups as discussed above. Split marketing is commonly 

practised on commercial organic pig farms.  

2.7.5 Factors other than the social environment  

Besides the social environment, other management and system factors are found to affect 

the behaviour of pigs, and could be suggested to also affect the behaviour and welfare of 

entire male pigs.  

Enriched environments are in general believed to increase the welfare of production 

animals (Tuyttens, 2005). Enrichment of pens with straw as an occupational material, has 

been shown in several studies to increase the time spent exploring substrate and 

consequently reduce the behaviour directed towards pen mates, possible reducing the 

aggression level (Olsen et al., 2001; Tuyttens, 2005; Scott et al., 2006 (no aggression); 

Høøk Presto et al., 2008; Van de Weerd et al., 2009). As regards roughage, it has functions 

of both nutrition and occupation (feed and rooting material) and studies of Olsen et al. 
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(2002) and Høøk Presto et al. (2008) found a lower aggression frequency in pigs with 

access to roughage compared to pigs without access, even if the pigs had access to straw. In 

a study by Thomsen et al. (2012), dealing with entire males within the organic production 

system with access to straw and roughage, the aggression level was low compared to 

studies with entires reared without access to straw and roughage (conventional system). In 

a recent study by Prunier et al. (2013), an enriched environment with straw bedding and 

more space available reduced the number of skin lesions in entire male pigs. Salmon 

(2008a) found more aggression in entires housed in straw yard accommodation compared 

to unbedded housing, but no effect on overall skin lesion scores (only back skin lesion 

score). Tallet et al. (2013) did not find a reduction of agonistic behaviours in an enriched 

environment compared to a conventional pen (2.5 m2/pig, straw bedding and outdoor run 

vs. 1 m2/pig, slatted floor). Prunier et al. (2013) suggested that only severe aggression 

leading to skin lesions is reduced by an enriched environment. Several studies report a 

higher activity level among pigs reared in straw bedded accommodations (Tallet et al., 

2013; Prunier et al., 2013; Scott et al. 2006; Salmon 2008a), which may increase the 

behavioural interactions between the pigs (Salmon 2008a; Morrison 2003b), although 

Beattie et al. (2000) and Scott et al. (2006) suggested that straw bedding reduces 

behaviour directed at pen mates.   Both Prunier et al. (2013) and Salmon et al. (2008a) 

found increased levels of mounting in the enriched environment, although Prunier et al. 

(2013) only found the amount of received mountings to be increased. In addition, 

Morrison et al. (2003b) observed more mounting in large groups of entires reared in deep-

litter systems (group of 200 pigs) compared to pigs housed in conventional systems. It 

could be hypothesised that the level of sexual behaviour is connected to the increased 

activity level in enriched environments (Prunier et al., 2013).  

Another enrichment factor is space allowance or stocking density, which is found to 

influence aggression levels, with reduced space resulting in increased aggression 

(Simonsen 1990). Also Turner et al. (2000) found a negative effect of reduced space, with 

more skin lesions in groups with reduced space allowance (32 vs. 50 kg/m2). Morrison et 

al. (2003a), on the other hand, found no difference in agonistic or sexual behaviours 

among entire male pigs in groups with restricted pen space (0.45-0.74 m2/pig vs. 0.88 

m2/pig).  A possible effect of restricted space allowance could, amongst others, be ascribed 

to an inability to escape from aggressors or an increased stress level among the animals in 

groups of reduced space (Hagelsø Giersing et al., 1996; Turner et al., 2000). Barnett et al. 

(1992) however suggested that pen design appeared to be more important than space 
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allowance and free space per se, with reducing effects on aggression of e.g. partial stalls.  

In addition to restrictive space allowance, restrictive feeding space was found to increase 

the aggression level in pigs (Hansen et al., 1982; Spoolder et al., 1999). Botermans et al. 

(2000) found more injuries in groups of pigs with one dry feeder compared to four dry 

feeders. However, Morrison et al. (2003a) did not find a difference in agonistic 

interactions between entire male pigs in groups with restricted and unrestricted feeding 

space (9 vs. 15 pigs per feeding space), when fed ad libitum. In a study by Thomsen et al. 

(2012), holding entires in pens with ad lib feeding, provision of roughage in a restricted 

area increased the aggression level compared to the aggression level observed outside 

times of feeding. In general, resources of high priority with limited or restrictive access will 

be an object of competition resulting in aggression (Hagelsø Giersing et al., 1996). With an 

assumed increased aggression level in entires, restrictive feeding space could be 

hypothesised to further increase the aggression level.  

The organic pig production system offers different housing facilities, as regards access to 

rooting materials (straw and roughage), available space (reduced stocking density) as well 

as separation and division of functional areas (indoor lying and activity area and outdoor 

area) and such facilities might comply well with the behaviour of entires, redirecting 

aggressive behaviour away from pen mates by offering occupational materials, and 

increasing the possibility to escape an aggressor by increased space and separation of 

different areas.  
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3 Hypotheses and objectives 

Production of entire male pigs is in accordance with the ethical values of organic farming. 

However, the production of entire male pigs faces major challenges in order to replace the 

production of castrates. The primary challenges are carcasses with boar taint and welfare 

of the entires during the production period. The objective of this research is to investigate 

different management approaches in relation to production of entire male pigs within the 

organic pig production system, focusing on live weight of pigs at slaughter as well as soiling 

of pens and pigs in relation to occurrence of boar taint, and housing conditions such as 

group size and grouping strategy in relation to animal welfare. A combination of these 

approaches is intended to contribute to an overall concept for production of organic entire 

male pigs. 

The hypotheses which are the foundation of the research are as follows: 

1. A decrease in live weight, due to a decrease in age, will decrease the occurrence of boar 

taint and in particular levels of androstenone in fat at slaughter, in organic entire male 

pigs. 

2. Decreased pen soiling will beneficially affect pig soiling and decreased pen and pig 

soiling will decrease the occurrence of boar taint, in particular levels of skatole in fat at 

slaughter, in organic entire male pigs.  

3. Regrouping of organic entire male pigs compared to simple relocation at 30 kg will 

negatively affect animal welfare measured as skin lesion and mounting behaviour. The 

grouping strategy will have a larger effect in a group size of 15 animals than of 30 

animals. 

 
Figure 1: Diagram illustrating project hypotheses.   
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Another management approach related to boar taint is feed composition, which has been 

found to have an effect on skatole (e.g. Hansen et al., 2006b; Hansen et al. 2008; Jensen et 

al., 2014). This aspect is not included in the present project in order to avoid combining 

too many factors intended to affect boar taint that could interfere with the possibility to 

obtain clear results of the chosen treatments. 
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4 Study design and population 

The following section describes the study population and the sampling of this. 

Furthermore the study design is presented.   

4.1 Study population 

Organic entire male pigs of the breed (Landrace x Yorkshire) x Duroc constituted the target 

population. The study population consisted of 1724 organic entire male pigs, reared in five 

specific organic pig herds. In Denmark, entire male pigs are not produced in large scale 

within organic or conventional pig production, so the target population and the study 

population constituted an experimental population representing entires reared within the 

organic pig production system in Denmark.  

The study population was obtained from commercial organic pig herds. Organic pig herds 

with a minimum of 200 sows were selected from the CHR-register (a database with all 

animal producing units in Denmark, authorized by The Ministry of Food, Agriculture and 

Fisheries of Denmark) and herd owners were contacted directly by phone. Criteria for 

participation were among other based on production system (i.e. integrated farms with 

fattening of own slaughter pigs) and housing system which had to correspond to the study 

design (i.e. group sizes). In addition, willingness to participate in an experimental study 

and to take on the extra workload related to the study was a precondition. The first five 

herds fulfilling these criteria were selected to participate.  

In each herd, animals included were approximately 400 non-castrated male pigs from 

predetermined farrowing periods. These farrowing periods formed the criteria for selection 

of the study population, in order to keep the study design parallel between farms. Of the 

400 non-castrated male pigs, exclusion of animals was based on apparent disease that 

would have led to reduced survival. This was assessed by the individual farmer.  

4.2 Study design 

The overall study was conducted in commercial herds in Denmark from 2011-2013. The 

design was a fractional factorial design, consisting of three fractions. The study consisted 

of four batches (replicates) at each farm, each including 90 entire male pigs allocated into 

four pens to give parallel groups of pigs both between and within herds.  

Prior to the start of the experiment, all male pigs had the possibility to familiarize with 

other litters in neighbouring farrowing paddocks. At weaning, the pigs were reared 

according to the rearing system normally used in the respective herds (in pens mixed with 

female pigs (herd 1, 3 (one pen) and 5) or in single-sex pens (herd 2, 3 (one pen) and 4)) 
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resulting in mixing of different litters. Insertion into weaner pens was done randomly 

according to the determined group sizes enabling execution of the further experimental 

parts. The experimental period started at an average weight of 30 kg, when the 

experimental pigs were allocated to the finishing pens (fraction one of the design). This 

comprised two pens of regrouped pigs, with pigs being mixed from two different weaning 

pens, and two pens of relocated pigs, with pigs coming from only one weaning pen and 

simply being relocated into the experimental pens. The number of pigs coming from each 

weaner pen was predetermined but, within this number, the pigs were randomly allocated 

without sorting by weight. Besides the two grouping strategies, two different group sizes 

were applied with each grouping strategy having one pen of 15 pigs and one pen of 30 pigs. 

The pigs stayed in these pens until slaughter. Approximately three weeks before delivery 

for slaughter two different management approaches as regards soiling of the experimental 

pens was planned (fraction two of the design). This included two levels of hygiene; 

improved vs. standard level. Each hygiene level was applied to two batches, resulting in 

two batches with standard hygiene level and two batches with improved hygiene level at 

each herd. Slaughter of animals took place in two steps resembling a split marketing 

strategy, with animals approximating an average live weight of 95 kg in the first delivery 

and 115 kg in the second and last delivery (fraction three of the design). Determination of 

slaughter time was based on average live weights within pens, and animals were randomly 

allocated to live weight category shortly after experimental start. Of the four batches 

included in the study, two batches were placed in the winter season (1 and 3), and two 

batches in the summer season (2 and 4). Allocation of batches into seasons was based on 

slaughter periods, ranging from January to March in the winter season and June to August 

in the summer season.  

A diagram of the overall study design is shown in figure 2 and a diagrammatic illustration 

of the different experimental parts is shown in figure 3.  
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Figure 2: Diagrammatic illustration of the experimental design showing farm level, batch level and pen 

level. 

 

 

Figure 3: Diagrammatic illustration of the experimental parts as conducted for each batch. This includes 

the grouping strategy, different group sizes, the period with different hygiene levels and strategy for 

slaughter and target live weights. The weaning part illustrates an example from one particular farm. 

The study design was planned to enable the possibility to investigate effects of grouping 

strategy and group size on one hand and to investigate effects of slaughter weight and 

soiling level on the other hand.  

Group sizes of 15 and 30 animals were chosen for various reasons. The group half the size 

of the other group (15 compared to 30) reflected a hypothetical situation for herds of 

different sizes, where small herds, with a limited number of slaughter pigs of similar age, 
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would only be capable of forming small groups of animals whilst larger herds would be 

capable to form larger groups, due to more animals available. Moreover, this choice of 

group sizes complied with the possibilities in Danish organic pig herds, which are generally 

small production units with limitations on number of animals produced in one batch. 

Finally very large group sizes were not ideal with respect to the different measurements 

performed.   An experimental start at approximately 30 kg was chosen as this represented 

a natural relocation of the pigs, complying with the production cycle of the organic 

production system and encompassed the growing/finishing period. 

Figure 4 shows pictures from the participating herds illustrating the housing system. 
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Figure 4. Pictures from the participating herds illustrating the housing systems (outdoor and indoor 

areas) (Photos by Rikke Thomsen).  
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5 Discussion of methods 

This section will present the considerations and the decisions made during the process of 

preparing the protocol of registration methods. All methods used in the present study are 

described in detail in the different papers and will not be repeated in full in this section.  

5.1 Experimental study in commercial herds 

An experimental study is characterized by a study in which the animals are, to some extent, 

affected by interventions or treatments, however, with all units being treated similarly 

apart from the interventions. This gives the opportunity to reduce the variation between 

experimental units, as these are selected for the particular study (Ersbøll et al., 2004), and 

to relate an eventual cause to the observed effect. However, the uniform conditions 

established can reduce the possibility to generalise the results, lowering the external 

validity as opposed to an observational study, with only little or no control of events. 

Conducting an experimental study as a field trial on commercial farms, however, increases 

the external validity, with the advantage that the results obtained can reflect real farm 

production, with effects from management and production system and their mutual 

interactions on the specific outcomes studied. 

Using on-farm research instead of conducting experiments in controlled artificial research 

environments would be more difficult as regards control of specific conditions included in 

the experimental setup, due, among other reasons, to the effect of individual management 

routines in the different herds. Conducting the study in a controlled environment, as for 

instance a research unit, would have provided the opportunity to increase the control of 

each specific condition, however reducing the external validity and limiting the 

resemblance to real life as mentioned above. 

In the present experimental study conducted on commercial farms, herds of similar 

production systems were chosen and predetermined management procedures reflected the 

general management of the herds to a great extent. Moreover, a close contact with the 

farmers, both by telephone and by repeated visits on each herd, aimed at increasing the 

farmers understanding and ability to follow the study design. This contributed to 

successfully conduction and control of the specific conditions in the experimental setup.   

5.2 Methods of data collection 

This section will briefly describe the different methods of data collection, in particular 

assessment of animal welfare, development of a hygiene score scale and analysis of boar 
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taint compounds. Each of the methods will be discussed critically in relation to criteria for 

use, other alternatives, and pros and cons of the chosen methods.    

Three main methods were applied for data collection: observations on-farm including 

clinical assessments, video recordings and laboratory analyses. The three methods cover 

nine chosen registrations shown in Table 2. Data were collected both on group level (pen 

wise) and individual level.  

Table 2: Overview of registrations within the three methods applied in the study. 

  

On-farm 

observation 

Video 

recording 

Laboratory 

analysis 

Group level 
Pen soiling Mounting 

  

 

Individual level 

Skin lesions 

  

Androstenone 

Pig soiling Skatole 

Live weight Sensory boar taint 

General health   

 

Direct observations were performed at the participating farms by two different observers. 

Each of the four experimental pens was observed on the same observation day, starting 

with observation of pen soiling, followed by clinical assessments of skin lesions, general 

health (lameness, body condition and general debility) and pig soiling, which were 

registered in one assessment continuously for each animal. Video recordings were made of 

each pen on each farm in continuation after the direct observations, with later registration 

of mounting behaviour from these videos.  

Data collection also included registrations by the farmers. These included dates of 

farrowing for each batch, live weight and date of weighing for each animal as well as 

registration on animals taken out of the experiment due to e.g. illness or death. Schemes 

for registration by farmers were handed out and recollected at farm-visits.  

Laboratory analysis was performed on samples of carcass fat from slaughtered male pigs at 

both a Danish slaughter house (Danish Crown) and at facilities at Aarhus University. 

All animals were identified at weaning with an electronic ear tag, which was used for all 

registrations on the animal.  At slaughter the animals were further identified with a tattoo 

in each herd for identification at the slaughterhouse. 

During each of the four batches, four registration points were decided upon; 1st, 2nd, 3rd and 

4th registration rounds, later used differently for the different analyses. The first 
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registration round was performed a week after insertion into experimental pens, at a live 

weight of approximately 30 kg, the second round at a live weight of approximately 70 kg 

and the third and fourth round within a week prior to first and second slaughter occasion, 

respectively (95 and 115 kg weight groups). The registration points were decided based on 

the specific experimental parts and the underlying hypotheses. Important experimental 

time points related to assessment of grouping strategy, hygiene treatment and different 

slaughter weight groups. Furthermore, in order to get an estimate of a temporal 

development in the different indicators registered, e.g. in relation to the age and/or weight 

of the animals, more than one registration point was planned. Determination of time point 

for each registration round was done in collaboration with the farmers in the respective 

herds, based on their weighing of the pigs.  

Figure 5 illustrates the time line covering all four registration rounds including registration 

of the different indicators.  

 

 
Figure 5. Illustration of the time line covering all four registration rounds including registration of the 

different indicators.  

5.2.1 Measures of animal welfare 

Data collected in relation to animal welfare covers measures of mounting behaviour, skin 

lesions as a proxy measure for aggressive behaviour as well as lameness, body condition 

score and assessment of general debility. Measures of these indicators all represent welfare 

issues in relation to pigs, and for mounting and aggression, in particular for entire male 

pigs. They were chosen in order to contribute to an assessment of welfare of entire male 

pigs, with the awareness that a comprehensive animal welfare assessment would have 

included additional measures, those being both system- and resource-based measures and 

further animal-based measures.  

5.2.1.1 Registration of aggressive behaviour 

Within the present study registration of aggressive behaviour was possible by use of direct 

observation on-farm or from video recordings and by use of skin lesion scores.  
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5.2.1.2 Registration of aggressive behaviour by direct observation 

Registration by direct observation on-farm or from video recordings is performed by 

registering behavioural elements of the animals. Depending on the recording protocol, this 

can give a good estimate of the frequency of the behaviour in focus and by use of either 

focal sampling or studying a small group of animals individual characteristics can be 

registered. There are, however, limitations of the method; as direct observation can be very 

time consuming, it can only be applied to a limited group size and the behaviours observed 

should be well defined to ensure a high reliability (Martin et al., 1993). By using on-farm 

registration no technical equipment is necessary (Leruste et al., 2013). Moreover, 

behaviour is usually easier to observe live and in context, compared to watching it on a 

screen (Martin et al., 1993). However, the behaviour observed could be affected by the 

presence of the observer (Martin et al., 1993). Behaviour observation performed from 

video recordings has the advantage that it can give an exact visual record of the behaviour 

and will allow for more details to be observed, as the recordings give the opportunity to 

play sequences repeatedly or to slow down speed (Martin et al., 1993). In addition, this can 

give the opportunity to observe a larger group size. Limitations could be technical 

problems of the equipment, with missing or low quality recordings and limitations of view 

of the animals (Tosi et al., 2006), with no possibility to change position and focus (Leruste 

et al, 2013). Direct observation from video recordings will be equally or even more time-

consuming than direct observations on-farm (Martin et al., 1993).  

Registration of aggressive behaviour from direct observations of pigs can give a measure of 

both injurious and non-injurious aggression and can give a measure of the total social 

interaction among the pigs, as details on different behavioural elements are achievable. To 

ensure a high validity of the registrations, knowledge of the behaviour of pigs is required in 

order to be able to recognize an aggressive interaction and to differentiate aggressive 

behaviour from e.g. play behaviour. Using a well-defined and low-detailed description of 

the aggressive behavioural elements increases repeatability and inter-observer reliability 

(Martin et al., 1993). Use of video recordings to register aggression could underestimate 

the severity of the aggressive behaviour as it can be difficult to see the outcome of an 

aggressive interaction on a video recording (whether there is an actual bite or only a bite 

attempt).  

Limitations arising from the present project situation were that the outdoor areas of the 

experimental pens were outside the range of the camera, which would cause missing 

registrations of aggressive interactions (Leruste et al., 2013). This would, for some herds, 
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also involve the feeding area (where this was outside or behind partitioning walls) and, as 

aggression is often displayed at the feeders (Hagelsø Giersing et al. 1996), leaving this area 

outside the range of the camera would result in biased measurements of aggressive 

interactions. With different pen designs at different farms, this would further bias the 

results between farms.  

5.2.1.3 Registration of aggressive behaviour by clinical assessment of skin 

lesions 

Clinical assessments could be another way of registering animal behaviour and this would 

be a more indirect method, as clinical registration will reflect an outcome of a specific 

behaviour (Turner et al., 2006). Use of skin lesions as a measure of aggressive behaviour 

was studied by Turner et al. (2006, 2008 and 2009). They investigated the factors that 

contribute to skin lesions in order to assess the validity of skin lesions as a measure of 

individual aggressiveness. Both engagement in reciprocal fighting (reciprocated 

aggression) and being bullied (non-reciprocated aggression) were found to be significant 

determinants of the lesion score (at 24 hr post-mixing). The contribution of each 

aggressive element to the accumulation of skin lesions, can be somewhat quantified by 

registration of the location of the lesions. When pigs fight in reciprocal fighting they 

attempt to target the head, neck, ears and shoulders of the opponent pig, often by use of 

bites (McGlone, 1985; Luescher et al., 1990). This result in accumulation of skin lesions 

predominantly placed on the front third of the body, but also on the flanks of the pig 

(Geverink et al., 1996). Pigs that engage in reciprocal fighting, but receive little bullying 

will therefore have more lesions in these areas. During retreat (being bullied) bites are 

targeted at the rump of the retreating animal. Turner et al. (2006) thus found a significant 

positive correlation between lesions in the back part area and proportion of time engaged 

in receipt of non-reciprocated aggression. From the study of Turner et al. (2006) it was, 

however, not possible to show that lesions received on the front exclusively came from 

reciprocal fighting and on the rump from non-reciprocated aggression. Skin lesions can 

also come from elements in the environment (Bonde, 2003), e.g. old equipment with sharp 

edges and inadequate arrangement of the pen, or as a result of mounting behaviour 

(Faucitano et al., 2001). 

To use skin lesion scores as a measure of individual aggressiveness it is important to 

demonstrate which behaviours contribute to the accumulation of lesions if it is to be used 

as an alternative measure of individual aggressiveness.  Location of the lesions can help to 

identify the contribution of different aggressive elements (e.g. reciprocal fighting and non-
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reciprocated aggression). Furthermore it is important to identify which factors of the 

environment are significant determinants of lesions (e.g. group effect).  

Turner et al. (2008) and (2009) had the objective to estimate a genetic correlation between 

skin lesions and aggressive behaviour.  The studies confirmed each other and reported that 

skin lesions are genetically associated with involvement in aggressive behaviour and 

furthermore that the number of lesions in different body areas provides information on the 

duration of involvement in reciprocal fighting and receipt of non-reciprocated aggression, 

as was also found in Turner et al. (2006). Furthermore, the study of Turner et al. (2009) 

stated that those animals that receive many lesions immediately after mixing continued to 

receive a large number of fresh lesions under more stable social conditions. This was 

supported by the findings of Clark et al. (2013), who found that aggression was a consistent 

trait, with pigs showing stable individual differences in aggression, both in attacking and 

not attacking. 

In a study of Stuckenborg et al. (2011), they found similar results on the relationship 

between aggressive behaviour and skin lesions, with a significant correlation between 

aggressive behavioural parameters and a skin lesion score. The correlation was, however, 

higher for finishing pigs compared to weaned piglets, most likely due to the fact that 

fighting in heavy weight pigs results in increased amounts of skin lesions (the outcome is 

more often injurious).   

In a recent study by Tönepöhl et al. (2013), also studying the relationship between 

aggression and skin lesions, they found somewhat contradictory results (compared to 

Turner et al. (2009) and Stuckenborg et al. (2011)). This study found significant evidence 

that being the recipient of aggression was associated with more skin lesions, but that 

higher skin lesion scores were neither influenced by frequency of being an initiator nor by 

being involved in reciprocal aggression. With the findings by Tönepöhl et al. (2013), that 

being the recipient was associated with the highest lesion score, they further implied that 

an individuals’ frequency of being initiator of an aggressive interaction post mixing did not 

affect the skin lesion score 10 weeks later. Based on their findings, they concluded that skin 

lesion score did not represent individual aggressiveness of a particular pig, but could be 

used as an indicator of the overall aggression level in a group of pigs.   

Based on existing knowledge, counting of skin lesions could be used as a valid measure of 

aggressive behaviour in the present study, as the method of skin lesions would give a 

measure of the level of aggression in a particular group of pigs. When registering lesions 

separately on different body parts of the pig, location of the lesions could help to identify 

which type of aggression was causing the lesions. However, a skin lesion score would only 
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show the outcome of injurious aggressive behaviour. Non-injurious aggression would still 

cause unrest and potential fear and stress among the pigs, having an impact on the social 

stability within a group and the welfare of the animals (Turner et al., 2006).  A skin lesion 

score is a good method when using large social group sizes, as it is a rapid method for 

assessing aggression levels of a large number of pigs (Turner et al., 2006). When using an 

accurate and well defined scoring system, repeatability and inter-observer reliability is 

considered to be fairly high as the method includes only a few elements to be observed.  

Limitations in using the skin lesion score in the present study included problems of soiling 

of the pigs, as a high degree of soiling with manure would limit the visual registration of 

skin lesions, and would result in missing registrations from different body parts. Ideally 

using both registration methods (direct observation of aggressive behaviour and skin 

lesion score) would give the best measurement of aggressive behaviour, but with the time 

consuming registration from video recordings being the single most influencing factor, the 

method of registration of aggression was chosen to be by counting of skin lesions.  

5.2.1.4 Mounting behaviour 

Mounting behaviour could, in the present study, have been registered by direct 

observations on-farm or from video recordings. Decisions upon the registration method for 

this kind of behaviour involved the same considerations as presented in relation to 

registration of aggressive behaviour (see sections 5.2.1.2 and 5.2.1.3). Registration of 

mounting behaviour was done by observations from video recordings. This gave the 

opportunity to place registration of each pen within the same timeframe, which might be 

important if simultaneous activity bouts occur across a building. Direct observations on-

farm would give a low amount of hours of registration of each pen, as four pens would need 

observations in one day in combination with registration of the other indicators, and use of 

on-farm direct behaviour observations was therefore assessed to be too time consuming 

seen in the light of the amount of data possible to gain. Limitations from use of video 

recordings in the present project were similar to those discussed in relation to aggressive 

behaviour. Mounting behaviour performed on the outdoor areas of the experimental pens, 

as well as in areas of blind angles, would not be caught on tape as this was outside the 

range of the camera, causing missing registrations of the mounting behaviour which would 

underestimate the mounting level observed.  

Registrations from video recordings are time consuming, but with the possibility to speed 

up the recordings many hours can be seen in short time. This could to some extent be 

applied in registration of mounting behaviour, as the definition of mounting consisted of a 
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simple behavioural element easy to see on video.  

Details on the method for registration of mounting can be found in paper III, however the 

following considerations regarding video recordings were made. At each registration 

round, video was recorded in the subsequent 2 days following on-farm registrations.  Of 

this video material, 4 hours were selected and used for registration of mounting. The 4 

hours were selected from the morning hours of day 2 or 3 of recording in the time span 

between 7 AM and 1 PM. The day of on-farm registrations were not included in the 4 hours 

selected, as the presence of the observer on this day of recording may interrupt the normal 

activity of the pigs. Morning hours were selected as the quality of the recordings was 

varying, and with video recordings of at least 2 days, there were two morning session to 

pick from in order to get a session of good quality. Furthermore the activity level of the 

animals was assumed to be high in the morning hours, as the daily routines were normally 

carried out at this point.  

5.2.1.5 Clinical assessment of lameness and general debility 

Clinical assessments of lameness and general debility, defined as the vitality and body 

condition of the animals, were performed. For each of the registrations, details of the 

methods applied can be found in paper III.  

Registration of lameness was included as it can contribute to an assessment of the eventual 

injurious effect of mounting behaviour, since frequent mounting behaviour is suggested to 

increase the risk of leg problems (Rydhmer et al., 2006). In addition, lameness is a general 

welfare indicator.  

General debility was used as a measure of the overall health and state of thriving of the 

animals, as animals not thriving optimally could indicate disease and reduced feed intake 

that could lead to long lasting pain and discomfort (Bonde, 2003). In addition, poor body 

condition and unthrifty pigs were reported as general health problems in organic pigs (see 

section 2.1.2). 

5.2.2 Registrations of soiling 

5.2.2.1 The pig soiling score scale 

A soiling score scale was developed in order to be able to assess the soiling level of the 

individual pigs in a robust and reliable way.  The development was done in collaboration 

with the Centre for Development of Outdoor Production.  

Development of the score had a starting point in existing literature regarding hygiene in 

cows (Schreiner et al., 2002; Nielsen et al., 2011) and from studies registering soiling of 
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pigs (e.g. Aluwé et al., 2011), and was based on the welfare assessment protocol for pigs 

(Welfare Quality 2009). However, considerations regarding absorption of skatole were also 

included.  

From existing literature, important areas on the pig regarding absorption of skatole 

through the skin and/or lungs were decided. Friis (1993) found that 40 % of radioactive 

skatole was absorbed through the skin on the belly and only 6 % on the back. Regarding 

absorption through the lungs, the face/snout area was considered to be important. Also the 

absorption capacity of the skin was considered, with absorption through skin primarily by 

passive diffusion through the epidermis, and only in a little amount through hair follicles, 

sebaceous glands and sweat glands, and with substances that are water and fat soluble 

being absorbed more easily and faster for thinner skin (Anonymous, 2011). Based on this, 

it was decided to divide the pig into the following areas for registration; head and neck, 

shoulder including forelegs, back, abdomen and rear part including hind legs (Fig. 6). This 

division, moreover, gave the opportunity to detect the importance of the different areas as 

regards absorption of skatole. 

 

 
Figure 6. Division into body areas used for assessment of soiling.  

In determination of the score scale, different considerations were made. The scale used in 

Aluwé et al. (2011) and the scale from the Welfare Quality protocol were based on 

percentage graduation of the area soiled. In those scales, consideration of the degree of 

soiling, e.g. the nature of the manure layer, was not included and was decided to be 

included in the present score.  

The procedure for development of the soiling score started with making of a first draft of 

the score scale from pictures of dirty pigs and out of inspiration from the scale developed 

for cows. This scale was then tested on live pigs in two commercial organic pig herds. The 

body areas and the levels of the scale were discussed and tested according to their 

fulfilment of the actual nature of fouled pigs and the practical use of the scale. After this 

test round, changes to the scale were made, and it was decided to focus on the degree of 
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fouling as well as the size of the area covered in manure. It is not known from the literature 

if the degree of fouling is important, but it was decided that this should be included based 

on what was seen on live pigs and their way of being soiled. It was furthermore considered 

whether the pig should only be divided into four body areas, making head, neck, shoulder 

and front leg as one area. However, to ease the clinical assessments during data collection, 

using a division that would also comply with registration of skin lesions was the most 

advantageous. The second draft of the scale, now including both degree of fouling and the 

size of the area covered in manure, was tested on two commercial organic pig herds. From 

this, it was decided to refine the phrasing of the scale, so that the different levels excluded 

one another in order to make the use of the scale more repeatable and reliable. In all 

considerations made during the development of the scale, focus was to gain as many 

details as possible while using the score for data collection.  

The final draft of the scale was tested for inter-observer reliability using three observers. 

This test encompassed 100 registrations and calculated weighted kappa coefficients 

showed a high level of observer agreement between all three observers (coefficient > 0.6).   

The final draft of the scale used in present study for assessment of individual pig soiling 

was as follows: 

1. < ½ of the body area is covered with excreta. The layer of excreta is transparent 

and the skin of the pig can easily be seen through the excreta.  

2. < ½ of the body area is covered with excreta. The manure layer is dense and the 

skin of the pig cannot easily, but only slightly be seen through the excreta.   

3. ≥ ½ of the body area is covered with excreta. The layer of excreta is transparent 

and the skin of the pig can easily be seen through the excreta.  

4. ≥ ½ of the body area is covered with excreta. The layer of excreta is dense and 

the skin of the pig cannot easily, but only slightly be seen through the excreta.   

Pigs were assessed on both left and right side of the body, for each of the five body areas 

mentioned previously.  

The decision on when to register the soiling level in individual pigs was based on literature. 

From this, it is known that it is possible to change the skatole concentration within a week 

prior to slaughter (Hansen et al., 1994 and 1995). Further, it is reported that skatole has a 

half-life breakdown of 12 h in subcutaneous fat (Xue e al., 1997) and, based on this, 

registration of soiling level thought to be important for skatole concentration was 

performed within a week prior to slaughter at both 95 and 115 kg slaughter rounds. 
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However, to gain knowledge on the general soiling level of the pigs, assessments of 

individual soiling were done at each of the four registration rounds (see section 5.2). 

5.2.2.2 Soiling level in pens 

Besides dealing with soiling level of the pigs, the experimental design within the present 

study also included soiling level of the experimental pens. In relation to this, two hygiene 

treatments were planned; a standard and an improved hygiene level (see section 5.2). To 

document the effect of these treatments, their effect on skatole concentration as well as the 

effect of pen soiling on pig soiling, the soiling level of the pens was registered.  

A regular pen for slaughter pigs within the organic pig production system, has a rather 

clear division of functional areas, and it was decided to use these areas separately for 

registration of pen hygiene based on the knowledge that the areas differ in soiling level. 

Therefore, each pen was divided into outdoor area, indoor activity area and indoor bedding 

area. For each of these areas, the assessment was done by use of a score based on the 

degree of soiling of the surface of the pen and nature of the surface by four categories (Fig. 

7): 

D: Completely dry:  Area with no excreta or with excreta that has dried up 

H: Humid: Area with excreta that is somewhat moist, but not sticky 

W: Wet, but solid: Area with excreta that is very moist and sticky 

L: Liquid: Area with excreta that is not solid but fluid 

These categories were chosen to be able to grade the soiling assessment into different 

levels. 

The soiling of the surface was registered as percentage of the area dirty with excreta for 

each of these options, summing up to 100 % for each of the three pen areas. Furthermore, 

a sketch of the pen clarifying the dirty areas was drawn at each observation.  
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Figure 7. Pictures of the different categories for pen soiling. 

5.2.3 Boar taint analysis 

Boar taint was determined in carcasses after slaughter. This was done by use of the High 

performance liquid chromatography (HPLC) method detecting androstenone (5a-Androst-

16-en-3-one) and skatole (3-methylindole skatole) and by sensory evaluation of carcasses 

by qualitatively determining smell by the human nose method.  

5.2.3.1 The HPLC method 

The HPLC method is, in literature, described as a rapid method for simultaneous 

determination of androstenone, skatole and indole, however with the drawback that it is 

high in cost and requires complex equipment (Jensen et al., 2014). It is further reported to 

be the most used method for analysis in adipose tissue (Jensen et al., 2014), however only 

in relation to research. It has the advantage that it quantifies the different boar taint 

compounds, providing the opportunity to determine carcasses in relation to threshold 

levels and compare results with concentrations found in other studies. Indole was not 

included in the analysis of boar taint in the present study, as the extent of contribution of 

this compound to boar taint prevalence is still quite uncertain (Aluwé et al., 2012; Babol et 

al., 1995).  

The HPLC method was performed at facilities at Aarhus University, by staff familiar with 

the method.  The analysis was based on the HPLC method described by Hansen-Møller 

(1994) with some modifications. A thorough description can be found as Supplementary 

material in paper I.   

Dry excreta 

Fluid excreta 

Humid excreta Humid excreta 

Wet excreta Wet excreta 
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5.2.3.2 The human nose method 

Qualitative determination of boar taint was estimated by the human nose method, which is 

a sensory test where human evaluators assess and classify carcasses into either tainted or 

untainted categories according to predetermined test criteria. A sensory evaluation 

provides an assessment of the smell and perception of boar taint in the meat (Jensen et al., 

2014). The test was carried out at facilities of a Danish slaughter house (Danish Crown), 

performing the evaluation on a regular basis. A detailed description of the execution of the 

test can be found in paper II.  

The human nose method differs from the HPLC method in respect to common use, as this 

method is used in slaughter houses to detect carcasses with boar taint, among others in 

Denmark on organic male pigs (Jensen et al., 2014). Observer bias can occur in relation to 

evaluation of sensory boar taint by the human nose method (reliability), as different 

evaluators are involved in the sniffing process. Information on evaluators can be included 

in the later analysis, and will by this means reveal possible effects on final results. This 

was, however, not possible to include in the present study as information on different 

evaluators was not available.  

Several methods exist for both detection and quantification of boar taint compounds and 

odour, each with different advantages as well as disadvantages, and with the difference 

that some methods quantitatively determines the levels of different boar taint compounds, 

where others give qualitative results.   

Chemical analysis is objective; accurate levels of boar taint compounds are beneficial when 

identifying factors affecting variations in these compounds and are essential for research 

purposes (Haugen et al., 2012). Nevertheless, threshold levels for individual compounds 

have to be determined by sensory tests and, to date, no standard level is customary across 

different countries. 

A sensory test, such as the human nose method, is conversely regarded as representative of 

consumer preference, but it is not factual and it relies on a group of people (the human 

evaluators) (Xue et al., 1996b). No standardised method for detection of boar taint exists 

(Jensen et al., 2014; Haugen et al., 2012) and with many of the methods requiring 

specialised equipment, a limitation on choice of method for boar taint detection was set.  

In general, basing results on one boar taint detection method should be done with caution 

as boar taint prevalence varies according to method used, as reported by Aluwé et al. 

(2012) with a variation in boar taint prevalence ranging from 0-26% for different detection 
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methods. Including two methods for boar taint analysis in the present study would 

therefore give a wider picture of the prevalence of boar taint in the experimental pigs used.  
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6 Papers 

This section holds three scientific papers submitted during the PhD project period. Paper I 

presents the results of the effect of slaughter weight on boar taint compounds. Paper II 

presents the results of the effect of faecal soiling on boar taint compounds and sensory 

boar taint. Paper III presents the results of the effect of grouping strategy and group size 

on welfare measures of entire males.  
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6.1 Paper I 

Weight and season affects androstenone and skatole occurrence in 

entire male pigs in organic pig production 

R. Thomsen1, S.A. Edwards2, B.B. Jensen1, T. Rousing1, J.T. Sørensen1 

1Department of Animal Science, Aarhus University, Blichers Allé 20, 8830 Tjele, Postbox 50, Denmark 

2School of Agriculture, Food & Rural Development, Agriculture Building, Newcastle University, Newcastle 

upon Tyne NE1 7RU, UK.  

 

Corresponding author: Rikke Thomsen. E-mail: rikke.thomsen@anis.au.dk 

 

Short title: Androstenone and skatole occurrence in organic entire male pigs 

Abstract 

To investigate the extent to which the level of androstenone and skatole decreases with a 

decrease in live weight and/or age at slaughter of entire male pigs produced under organic 

standards, 1174 entire male pigs were raised in parallel in 5 organic herds, distributed 

across 4 batches in summer and winter.  The median androstenone level was high for 

organic entire male pigs (1.9 µg/g), but varied greatly both within and between herds. 

Median skatole level was 0.05 µg/g, also with a wide range both within and between herds. 

Decreasing live weight over the range of 110±15.6 kg sd was found to decrease 

androstenone as well as skatole concentration, however, with different patterns of 

association. Age did not have significant direct effect on either androstenone or skatole 

levels. Androstenone levels were higher during winter than summer (P<0.0001), but no 

difference in skatole was found between seasons. The study concludes that decreasing live 

weight at slaughter could be an applicable management tool to reduce risk of boar taint for 

a future production of entire male pigs within the organic pig production system, although 

further studies are needed as great variation in boar taint was found also for low weight 

animals. 

Keywords: male pigs, androstenone, weight, organic farming 

Implications 

Castration of pigs is a routine procedure in Denmark, performed primarily due to risk of 

boar taint. Surgical castration of male pigs conflicts with the values of organic farming and 

is labour demanding. Producing entires while maintaining the normal Danish slaughter 

weight can be challenging in relation to prevention of boar taint, not least within the 
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organic production system. The present study reveals that concentration of androstenone 

and skatole in entires could be minimized by reduced weight, as found within the 

conventional system, and could therefore be part of an applicable management strategy for 

a future organic entire male pig production. 

Introduction  

Production of entire male pigs is associated with occurrence of boar taint (Walstra et al., 

1999). In several countries, including Denmark, the normal procedure for preventing boar 

taint is to surgically castrate male pigs. However, the castration procedure impairs animal 

welfare by causing pain and distress (Prunier et al., 2006). As declared by the European 

Commission in 2010 (http://ec.europa.eu/food/animal/welfare/farm/initiatives_en.htm), 

pig production may have to face a total ban on surgical castration in the near future. This 

calls for alternative strategies for reducing boar taint.  

Boar taint is an off-flavour and off-odour of pork, mainly caused by elevated 

concentrations of androstenone and skatole in the adipose tissue of entire male pigs 

(Bonneau, 1982). Skatole is produced by microbial degradation of tryptophan in the 

gastro-intestinal tract and a fraction of the synthesized skatole is absorbed from the gut 

and accumulated in the adipose tissue (Zamaratskaia and Squires, 2009), with influence of 

dietary factors (Jensen and Jensen, 1998). Androstenone is a male sex hormone 

synthesized in the testis of entire male pigs, together with other testicular steroids. The 

development of androstenone is reported to have a peak in pigs already at around two 

weeks of age and a second increase occurring at puberty (Bonneau, 1982), which is 

between five to seven months of age in swine. The level of androstenone is thus primarily 

related to stage of sexual maturity and thereby age and slaughter weight (Bonneau, 1982; 

Babol et al., 2004; Prunier et al., 2013).  

This paper addresses the non-castration alternative for pig production. Considering the 

biological synthesis of androstenone, a potential alternative to surgical castration could be 

slaughtering entire male pigs at a younger age and/or lower weight, compared to the 

normal level of approximately 115 kg live weight, as a strategy for reduction of 

androstenone. This strategy might also affect skatole levels, since androstenone can 

influence skatole clearance by reducing liver metabolism (Babol et al., 1999). Previous 

research has investigated the effect of slaughter weight on androstenone levels, and the 

results are somewhat contradictory. Fàbrega et al. (2011) found that slaughter weight 

affected the distribution of androstenone levels, with a higher percentage of animals with 

high androstenone levels at a slaughter weight of 130 kg live weight compared to 105 kg. In 
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addition, Aluwè et al. (2011) found higher androstenone levels in entires slaughtered at 90 

and 110 kg compared with 50 kg live weight. On the other hand, Andersson et al. (2005) 

found no effect of slaughter weight ranging from 90 to 115 kg on androstenone level and 

Aldal et al. (2005) found an incidence of high skatole and androstenone levels in young 

boars at a live weight of 75 kg. The slaughter weight effect on androstenone may depend on 

rate of growth, and hence age, as this is related to stage of puberty (Andersson et al., 1999). 

Besides age and slaughter weight, season of the year is also suggested as a significant factor 

for androstenone levels (Fredriksen et al., 2006), as season affects sexual maturation in 

the pig (Andersson et al., 1998b; Prunier et al., 2013). However, the effect of season, 

defined as day length, on levels of androstenone is not unequivocal in the literature 

(Andersson et al., 1998a and 1998b; Walstra et al., 1999; Zamaratskaia et al., 2004).  

Different countries use different breeds of pigs and, as a genetic impact on boar taint are 

reported (Zamaratskaia and Squires, 2009), results regarding effects on boar taint cannot 

be directly extrapolated across countries. Furthermore, the majority of studies dealing with 

entire male pigs and levels of boar taint are conducted within the conventional production 

system, with a possible difference in results compared to the organic system. Omitting 

castration is of special importance within the organic pig sector, as the castration 

procedure conflicts with the values of organic farming in terms of animal integrity 

(Verhoog et al., 2004). Organic pig production differs from conventional production in 

factors that could affect the boar taint prevalence. Slower growth and use of early maturing 

breeds could have an influence on androstenone, whereas soiling level and different feed 

ingredients are suggested to affect skatole levels (Hansen et al., 1994; Hansen et al., 2006). 

Furthermore, as organic feed prices are higher, the reported increased feed efficiency of 

entire males (Babol and Squires, 1995) would be particularly economically beneficial for 

organic farmers. 

The primary objective of the present study was to investigate the extent to which the level 

of boar taint decreases with a decrease in live weight at slaughter (over the range of 70-130 

kg) and/or age at slaughter (range of 5-6 months) of entire male pigs produced under 

organic standards. Boar taint, as an outcome, was measured as androstenone and skatole 

concentration in the carcass fat at slaughter. 

Materials and methods 

Animals 

The pigs in the study were organic entire male pigs ((Landrace x Yorkshire) x Duroc) 

reared in parallel in five Danish commercial organic pig herds. Entire male pigs are not, in 
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Denmark, produced on a regular basis within organic pig production, and within 

conventional pig production only on a small scale. Thus, the target population constituted 

a hypothetical population representing entire male pigs reared within the organic pig 

production system in DK. The study initially included 1724 entire male pigs commencing 

the finishing stage of the production cycle. In total 242 animals were subsequently 

excluded due to disease, death, deviations from study design and missing registrations 

from slaughter (see Table 1 for details).  

Housing system 

The experimental pens consisted of an outdoor concrete area with sprinkling system and 

an indoor area divided into a lying area with straw bedding and an activity area with solid 

and partially slatted floors. The fixed facilities in the pens included automatic feeders or 

feeding troughs including access to water by individual water nipples/stations. 

Concentrate feed was provided ad libitum. Roughage (clover/grass silage) was provided 

daily in the resting area. Space allowance was approximately 1.2 m2 per pig. Further details 

of housing and feed ingredients can be found in Thomsen et al. (submitted 2014).  

Study design 

The study was designed as a 2 x 2 factorial design, focusing on live weight and age at 

slaughter with parallel groups between and within 5 organic herds, each producing 4 

batches of entire male pigs over a two year period from 2011 to 2013. Each batch consisted 

of four experimental pens with male pigs. Before the experimental period, the male pigs 

were reared according to the rearing system normally used on the respective participating 

farms (in pens mixed with female pigs (herd 1, 3 (one pen) and 5) or in single-sex pens 

(herd 2, 3 (one pen) and 4)). At an average of 30 kg, the male pigs were placed into the 

experimental pens, in group sizes of either 15 or 30 pigs.  Grouping of the animals was 

performed according to two different grouping strategies, either regrouping or simple 

relocation. To create a variation in slaughter weight, the pigs in each pen were sent for 

slaughter in two steps (split marketing) approximating an average weight of 95 kg in the 

first delivery and 115 kg in the last delivery. According to the experimental design, the pigs 

were randomly allocated to slaughter weight (95 or 115 kg) except  for 415 pigs out of the 

total of 1724, where the allocation was modified prior to slaughter because of different 

growth rates, to accommodate contract specifications of the slaughter house (restricted live 

weight range of slaughter pigs of 86-130 kg).  
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Measurements 

Each experimental pig had an electronic ear tag with a number that was linked to all 

registrations made on the particular pig in the herd, in the slaughter house and in the 

laboratory. Live weight was recorded for each pig on each farm at weaning, at allocation to 

the experimental pens and prior to slaughter. The number of days between weighing and 

slaughter was registered for further calculation of an estimated final live weight reflecting 

the live weight when delivered for slaughter. This was done to compensate for the period 

between weighing on the farm and actual slaughter time, as this period on some occasions 

exceeded several days due to slaughter house routines. Carcass weight was registered at the 

slaughter house after slaughter. Age was measured as days from mean farrowing date to 

slaughter date for each herd and batch. However, as the farrowings took place across 

several days, a range of up to 7 days was accepted for farrowing dates with the median date 

chosen for calculation of age. This gave missing registrations of age for herd 1, batch 1-2, 

herd 3, batch 1-4 and herd 4, batch 1-2. Season was defined based on slaughter period. The 

‘winter season’ covered slaughter of animals in January to March and the ‘summer season’ 

covered slaughter in June to August. Table 2 summarizes the number of observations for 

the mentioned measurements.  

Two different data sets were prepared for the statistical analysis.  The data set ‘Weight’ 

included all animals remaining after exclusion due to the causes described in Table 1. The 

data set ‘Age’ included all animals from the data set ‘Weight’ with further exclusion of data 

in respect to missing registrations of age. Table 1 shows the different stages of exclusion of 

animals and the number of animals in each of the two data sets.  

Boar taint analysis 

HPLC method  

Quantitative analysis of androstenone (5a-Androst-16-en-3-one) and skatole (3-

methylindole skatole) was based on the HPLC method (High performance liquid 

chromatography) described by Hansen-Møller (1994) with some modifications. Analysis 

was done on app. 100 g of subcutaneous fat from the neck region collected from the 

experimental pigs after slaughter. The samples were frozen at -20 o C and taken to the 

laboratory for further analysis.  A thorough description on the method is given in 

Supplementary Material S1. Androstenone and skatole measurement was done on fat from 

1374 animals. For 5 measurements of androstenone and 14 measurements of skatole no 

concentration was detectable, and these were set to be equal to the detection limit 

calculated from the HPLC calibration.  
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Table 1. Description of data sets including no. of pigs and cause of exclusion from experiment. 

Description No. of 

animals 

Cause of exclusion 

Initial number of animals to be included  

 in experiment 

1724 - 

Animals available at allocation to experimental 

pens (30 kg) 

1704 Euthanized, dead, diseased  

Animals in experiment 1542 Euthanized, dead or diseased 

(removed during experiment) 

Animals in experiment 1533 Excluded due to deviations from 

study design (remainder animals 

removed from pens after majority of 

slaughters appeared)  

Animals at slaughter (Data set ‘Weight’) 1482 Missing registrations at slaughter 

 

Animals at slaughter (Data set ‘Age’) 1165 Batches with no registration of age 

 

Table 2. Number of registrations for measurements included in data set ‘Weight’ and data set ‘Age’. 

Variables Data set ‘Weight’ Data set ‘Age’ 

Live weight measured on farm 1445 1132 

Carcass weight 1359 1055 

Estimated live weight at slaughter 1482 1165 

Age in days 841 841 

Androstenone and skatole 1374 1073           

 

Statistical analysis  

The relationships between the primary continuous outcome variables, concentration of 

androstenone or skatole, and the primary explanatory predictors, live weight and age, were 

analysed by linear mixed effects models using the lmer function in R (R Core Team, 2013).  

Prior to the analysis, androstenone and skatole levels were log transformed to obtain a 

normal distribution. Two models were fitted: one testing only the effect of weight using the 

data set ‘Weight’ (model i and iii) and one testing both weight and age in the same model 

by using the data set ‘Age’ (model ii and iv). A strategy with backwards elimination of 

variables was applied using a significance level of 5% to include variables and interactions. 
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Explanatory variables tested in both model-building processes were: Live weight; used as 

an estimated continuous variable. The estimation was done by fitting a regression model 

describing the effect of carcass weight and days from weighing to slaughter on the 

measured live weight;  

Live weight = -1 + carcass weight + days from weighing to slaughter + days from weighing 

to slaughter2.   

Parameter estimates from this model were used in the equation for calculation of an 

estimated final live weight as follows:  For animals with a measured live weight, the 

estimation of live weight was done for 1445 animals using the following equation: Live 

weight + (1.48*days from weighing to slaughter)-(0.06*(days from weighing to 

slaughter)2). For animals without a measured live weight, the estimation of weight was 

based on the measured carcass weight and was done for 37 animals by following equation: 

1.39*carcass weight.  

Age was tested in model ii and iv as a continuous variable measured as days from 

farrowing to slaughter. Furthermore, confounding between age and weight was tested. 

Season was tested as a nominal variable with two levels, summer and winter, as well as an 

interaction of season and age/weight. Group size and grouping strategy were tested as 

nominal co-variables. No direct effect of these variables was expected but, as the study 

design involved different group sizes and grouping strategies, the variables were included 

and interaction terms including group size or grouping strategy and age/weight were 

tested. Herd was tested as a categorical variable and as an interaction including herd and 

age/weight. As an effect of the study design, the animals within each herd, within each 

season for the different group sizes and grouping strategies, were not expected to be 

independent of each other. To account for this, a variable including herd, season, group 

size and grouping strategy (HSGG) was made. This variable was set as random.  

The resulting models were: 

i) Log(Androstenone) = Weight + Weight2 + Herd + Season + Season:Weight  

ii) Log(Androstenone) = Weight + Weight2 + Herd + Age:Grouping 

iii) Log(Skatole) = Weight + Herd 

iv) Log(Skatole) = Weight  + Herd + Age:Season 

As a final model check, residual plots and Shapiro-Wilk normality tests were used to 

evaluate the model assumptions of normal distribution of fixed effects in each analysis as 

well as to identify outlier observations.  
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To evaluate the association between androstenone and skatole Pearson’s correlation was 

used at individual pig level.  

Results 

The average estimated live weight at slaughter was 110 kg, with 10 and 90 % percentiles of 

91 and 130 kg, respectively. Average carcass weight was 79 kg, with 10 and 90 % 

percentiles of 63.5 and 94.5 kg, respectively. For age at slaughter the average was 163 days, 

with 10 and 90 % percentiles of 148 and 177, respectively.  The daily gain was on average 

0.86 kg, ranging from 0.349 to 1.508 kg. Table 3 shows variation of data for live weight, 

carcass weight, age in days and daily gain, stratified by herd and season for the data set 

‘Weight’. 

A large variation in levels of androstenone concentration was found across herds and 

seasons (minimum level 0.02 µg/g, maximum level 18.20 µg/g, overall median 1.9 µg/g). 

Skatole concentration showed an equally variation (minimum level 0.004 µg/g, maximum 

level 2.93 µg/g, overall median 0.05 µg/g). The correlation coefficient between 

androstenone and skatole was 0.33, showing a weak but significant positive correlation 

(P<0.001). Table 4 summarizes androstenone and skatole concentrations stratified by herd 

and season. 

 

Table 3. Mean values ±standard deviations of estimated final live weight, carcass weight, age and daily 
gain for experimental pigs included in the data set ‘Weight’. 

  n 
Estimated live 
weight, kg n 

Carcass 
weight, kg n Age, days n Gain, g/day 

Herd 
        1 323 102.7±18.4 301 73.1±14.3 156 167.2±11.2 155 823±144 

2 227 113.2±14.0 189 83.3±11.6 227 163.0±12.2 217 810±222 
3 317 114.3±14.9 304 80.7±10.5 0 1 286 821±146 
4 313 109.5±12.9 304 80.1±10.3 156 157.5±14.3 262 930±156 
5 302 113.3±13.7 261 79.7±12.1 302 162.6±8.6 274 894±143 

Season 
        Summer 723 108.3±13.6 642 77.7±10.3 421 160.8±14.3 569 833±190 

Winter 759 112.4±17.0 717 80.2±13.7 420 164.5±7.9 625 884±147 
1 Herd 3 no registration of age. 
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Table 4. Concentrations of androstenone and skatole (µg/g) in carcass fat presented as median, min, 
max and 1st and 3rd quartile levels, stratified by herd and season for experimental pigs included in the 
data set ‘Weight’.  

  n Min 1st quartile Median 3rd quartile Max 
 Androstenone  

      Herds 
      1 308 0.02 1.00 1.89 3.35 15.11 

2 185 0.25 1.09 1.73 2.92 10.01 
3 301 0.12 0.60 1.01 2.12 10.50 
4 293 0.03 1.25 2.08 3.30 18.20 
5 287 0.11 1.40 2.41 3.72 17.25 

Season 
        Summer 673 0.02 0.93 1.71 2.86 15.40 

  Winter 701 0.03 0.99 1.98 3.58 18.20 
Skatole 

      Herds 
      1 308 0.01 0.02 0.04 0.06 2.00 

2 185 0.01 0.03 0.07 0.15 1.45 
3 301 0.01 0.04 0.06 0.09 1.69 
4 293 0.005 0.04 0.08 0.19 2.08 
5 287 0.004 0.02 0.04 0.08 2.29 

Season 
        Summer 673 0.007 0.03 0.05 0.10 2.29 

  Winter 701 0.004 0.03 0.05 0.12 2.08 
 

The statistical analysis for the dataset ‘Weight’ showed a significant effect of weight as a 

continuous variable on the concentration of androstenone in carcass fat (P<0.0001; Table 

5). The relation was not linear but polynomial, with a significant effect of weight raised to 

the second power.  In addition weight significantly affected fat skatole concentration 

(P<0.001) with a slight increase in skatole with increasing weight. The association was 

different to that found for androstenone, as no effect of weight raised to the second power 

was found on fat skatole. Season was found to have an effect on androstenone (P<0.0001), 

with higher levels of androstenone in winter compared to summer. Moreover a significant 

interaction between season and weight was found (P<0.001), with greater increase in 

androstenone levels with increasing weight for winter samples. No effect of season was 

found on skatole. Figure 1 shows a graphical illustration of the relation between weight and 

androstenone separated for summer and winter for the data set ‘Weight’. An effect of herd 

was also found to be significant on both androstenone and skatole (P<0.0001). Table 5 

summarizes model estimates and p-values for the data set ‘Weight’. 
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Figure 1. Graphical illustration of the effect of live weight and season on logarithmic transformed 
androstenone concentration in entire male pigs. The horizontal line illustrates the threshold level of 
androstenone of 1 µg/g for detectable boar taint. 
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Table 5. Estimates of the significant effects from the mixed effects models i and iii, describing the 
weight effect on logarithmic androstenone and logarithmic skatole concentrations in entire male pigs.  

Variable Estimate S.E. p-value 
Androstenone  

  Fixed effects      
Intercept -4.860 0.79 <0.0001 
Weight 0.087 0.01 <0.0001 
Weight2 -0.0003 0.00006 <0.0001 
Season 

  
0.0043 

Summer 0 
  Winter -1.220 0.33 

 Season:Weight  
 

0.0017 
Summer 0 

  Winter 0.001 0.003 
 Herd 

  
<0.0001 

1 0 
  2 -0.265 0.09 

 3 -0.763 0.09 
 4 -0.095 0.09 
 5 -0.006 0.09 
 Random effect  

  HSGG variance 0.011 0.11   
Skatole 

   Fixed effects     
 Intercept -3.837 0.20 <0.0001 

Weight 0.006 0.002 0.0003 
Herd 

  
<0.0001 

1 0 
  2 0.479 0.127 

 3 0.313 0.118 
 4 0.733 0.118 
 5 0.023 0.119 
 Random effect 

   HSGG variance 0.026 0.16   
 
 

The statistical analysis for the dataset ‘Age’ showed no additional direct effect of the 

continuous variable age on either androstenone or skatole. As regards androstenone, the 

effect was only significant as an interaction with the variable grouping, with increasing 

androstenone levels with increasing age for ‘relocation’ (slope = 0.00518) and decreasing 

androstenone levels with increasing age for ‘regrouping’ (slope = −0.00521) when 

modeling the interaction with a constant live weight of 110 kg (mean level).  As regards 

skatole, an age effect was found as an interaction with season, with increasing skatole with 
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increasing age during winter periods and the opposite for the summer period. In contrast 

to the data set ‘Weight’, no effect of season or interaction between season and weight was 

found on androstenone. Otherwise, remaining variables also tested for the data set 

‘Weight’ were found to be significant. Table 6 summarizes estimates and p-values for the 

data set ‘Age’. 

Table 6. Estimates of the significant effects from the mixed effects models ii and iv, describing the 
weight and age effect on logarithmic androstenone and logarithmic skatole concentrations in entire 
male pigs. 

Variable Estimate S.E. p-value 
Androstenone  

  Fixed effects      
Intercept -4.982 1.42 0.001 
Weight 0.097 0.02 <0.0001 
Weight2 -0.0003 0.0001 0.001 
Age:Grouping  

 
0.03 

   Regrouping 0 
     Relocation 0.010 0.004 

 Herd 
  

0.03 
1 0 

  2 -0.376 0.12 
 4 -0.150 0.13 
 5 -0.092 0.12 

 Random effect  
  HSGG variance 0.028 0.17 

 Skatole 
   Fixed effects 
   Intercept -3.395 0.71 <0.0001 

Weight 0.012 0.003 <0.0001 
  Age:Season 

  
0.02 

Summer 0 
  Winter -3.066 1.28 

 Herd 
  

0.007 
1 0 

  2 0.321 0.16 
 4 0.325 0.16 
 5 -0.11 0.15 
 Random effect 

   HSGG variance 0.037 0.19   
 

Discussion 

The androstenone levels found for the 1174 individual animals in the present study varied 

from 0.02 to 18.2 µg/g, showing a high variation both across and within herds. The level 
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(median of 1.9 µg/g for an average of 110 kg live weight) were similar to levels found by 

Maribo (2012), also dealing with organic Danish pigs, reporting an average androstenone 

level of 2.3 µg/g for animals ranging from 77-86 kg carcass weight. However, other studies 

of entire male pigs report somewhat lower levels, although with variation; Walstra et al. 

(1999) median level for 75 kg carcass weight DK animals of 0.69 µg/g, Andersson et al. 

(2005) mean level of 1.31 µg/g for 115 kg animals, Chen et al. (2007) LS mean for 115 kg 

animals of 0.9 µg/g, Nicolau-Solano et al. (2007) mean level of 0.9 µg/g for animals in the 

carcass weight range of 70-98 kg , Aluwé et al. (2011) highest mean level of 0.48 µg/g for 

110 kg animals and Fábrega et al. (2011) LS mean of 0.6 µg/g for 105 kg animals. 

Differences in boar taint detection methods and study design as well as factors such as 

breed differences and stage of sexual maturity at slaughter could all have an impact. The 

results indicate a higher overall level of androstenone for organic entire male pigs, due to 

e.g. slower growth resulting in increased age at slaughter, use of specific breeds such as the 

Duroc, which is found to have a high androstenone level compared to other breeds (Xue et 

al. 1996), or an effect of the natural light conditions throughout the rearing period.  van 

Wagenberg et al. (2013), studying management characteristics across different farms 

associated with sensory boar taint prevalence, found indications that a pen surface above 1 

m2 /pig, as found within the organic system, was associated with higher boar taint levels. 

However, with no explanation of the cause of this effect. Moreover, they found that a small 

group size (< 10 pigs) was associated with lower boar taint prevalence, suggested to be 

caused by an effect of aggressive behaviour. An effect of group size (15 vs. 30) was not 

found in our study. Prunier et al. (2013), studying different housing system, found no 

effect of a conventional vs. an enriched system on androstenone levels, even though 

animals within the enriched environment were largely exposed to the natural daylight, 

which has been found to affect androstenone levels as discussed further below.  If for some 

reason, the overall level of androstenone is higher within the organic pig production 

system, this increases the importance of finding a way to reduce androstenone levels 

within organic farming. 

A large variation in skatole concentrations was found for the animals within and between 

herds. The median level (0.05 µg/g) in our study was, however, found to be somewhat 

similar to other studies reporting skatole concentrations in fat; Walstra et al. (1999) 

median of 0.08 µg/g, Nicolau-Solano et al. (2007) mean of 0.076 µg/g, Aluwé et al. (2011) 

mean of 0.05 µg/g and Fàbrega et al. (2011) Ls-mean of 0.08 µg/g, but somewhat smaller 

than levels found by Andersson et al. (2005) mean of 0.11 µg/g and Aldal et al. (2005) 

mean of 0.14 µg/g. All the reporting studies were performed within conventional 
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production systems; however, a screening of Danish organic entire male pigs reared in six 

organic herds showed a mean level of skatole of 0.18 µg/g (Maribo 2012), being similar to 

the results of Andersson et al. (2005) and Aldal et al. (2005). There seems to be no obvious 

difference in skatole levels between conventional and organic entire male pigs, in spite of 

the differences between the production systems. This is in accordance with Prunier et al. 

(2013). Decreasing live weight at slaughter was found to decrease androstenone 

concentration for organic entire male pigs. The steepest increase in androstenone was 

found from 70 kg to around 100 kg, from where the level stabilized until 140 kg. The 

critical live weight at slaughter regarding threshold of androstenone was around 80 kg 

during summer and as low as 60 kg during winter, when the threshold for detectable taint 

was set to 1 µg/g which is the commonly used level in DK. A live weight at slaughter of this 

range may have considerable impact on market acceptance, however, different threshold 

levels for critical androstenone concentration are found in literature and it is obvious that 

increasing the threshold level would increase the critical live weight at slaughter.  The 

overall effect of weight on concentration of androstenone is in agreement with findings by 

Fàbrega et al. (2011) and Aluwè et al. (2011). Also Chen et al. (2007) and Nicolau-Solano et 

al. (2007) found higher androstenone levels in heavier animals (90-115 kg live weight and 

70-91 kg carcass weight respectively). In a study dealing with organic pigs, an increase in 

androstenone with increasing weight was found for entire males slaughtered between 40 

and 100 kg live weight (Jensen and Andersen, 2005). Contradictory results to these 

findings were reported by Andersson et al. (2005), with no significant effect of a live 

weight range of 90 to 115 kg, and by Maribo (2012) with a carcass weight range of 77-86 kg 

of organic entire male pigs. However the weight ranges used in these studies are relatively 

narrow compared to other studies. Aldal et al. (2005) found that high levels of 

androstenone were already present in boars slaughtered at 75 kg live weight, although with 

a large variation between herds.  

No obvious management differences between the mentioned studies, as regards group 

composition, can explain the contradictory results. However, the difference might be 

attributable to the effect of genotype on androstenone levels, defined as both within and 

between breed effects, as reported by several studies (Xue et al., 1996; Zamaratskaia and 

Squires, 2009; Aluwé et al., 2011). On the other hand, the link between puberty and 

androstenone is an important aspect in regards to an effect of live weight, as androstenone 

is related to pubertal changes (Zamaratskaia et al., 2005b).  Aldal et al. (2005) found no 

connection between weight and stage of maturation, as measured by weight of sexual 

organs, and Prunier et al. (2013) found that live weight per se was not an important 
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determinant of pubertal development. Andersson et al. (2005) reported a link between 

weight and sexual maturation, with animals of high weight being more sexually mature 

compared to animals of lower weight when maturation was measured as heavier testes and 

longer bulburethral glands at slaughter, however with a similar difference in age between 

the two groups of animals. This adds to the fact that age is also reported to be related to 

stage of puberty (Bonneau, 1982; Andersson et al., 1999). Variation in stage of maturation 

in different studies is assumed to be linked to breed as well as age and weight and this may 

explain the absence of agreement between the mentioned studies in regard to effect of 

weight on androstenone.  

A decrease in live weight was also found to decrease fat skatole concentration in our study, 

which is in accordance with results of Zamaratskaia et al., (2005a) who found higher 

skatole levels in high-weight groups of pigs (115 kg) compared to low-weight groups (90 

kg). Other studies have reported no effect of live weight on skatole (Aluwé et al., 2011; 

Nicolau-Solano et al., 2007 (carcass weight); Chen et al., 2007).  

In the present study a significant correlation of 0.33 between androstenone and skatole 

was found, which is in accordance with several other studies; e.g. Babol et al., (1999) r = 

0.45; Walstra et al., (1999) r = 0.30; Zamaratskaia et al., (2004) r = 0.68; Aluwé et al., 

(2011) r = 0.35; Bekaert et al., (2012) r = 0.37. The association between skatole and 

androstenone has been discussed in several studies. Babol et al., (1999) among others 

showed that elevated levels of sex steroids, including androstenone, reduced the 

metabolism and subsequent clearance of skatole from the body, with the result of 

increased levels of skatole in the fat of the animals. This is in agreement with results of 

Rasmussen et al. (2011), showing that one of the main enzymes involved in liver 

metabolism of skatole, can be inhibited by concentrations of androstenone, leading to 

increased levels of skatole in the adipose tissue. As androstenone increases around the 

time of puberty, it could be suggested that the changes in skatole coincides with the time of 

puberty (Babol et al., 2004) explaining the similar effects of weight on androstenone and 

skatole. 

 A direct effect of age on androstenone was expected, but was not found. This was possibly 

due to the large spread in daily gain found among the pigs at pen level. A slow growth rate 

could possibly affect onset or stage of maturation at slaughter, resulting in absence of an 

effect of age on androstenone.  An effect of age was found by Zamaratskaia et al. (2004) 

with increasing androstenone levels with increasing age over the range of 8 to 24 weeks. 

An age effect on androstenone as an interaction with grouping strategy was found, with 

decreasing androstenone level with increasing age for the animals undergoing a second 
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regrouping, compared to increasing androstenone level with increasing age for the animals 

being relocated once and not mixed. A possible explanation could be related to differences 

in puberty induction for animals being regrouped.  For high ranking pigs there is a 

possibility of earlier puberty induction as a consequence of high social status in a situation 

of greater social instability, whereas for the lower ranking pigs with a slower growth rate 

regrouping could cause a greater suppression of puberty. An effect of mixing of unfamiliar 

pigs on puberty is also suggested by Fredriksen et al. (2006), with mixing having a sexual 

stimulating effect on boars. In addition to the effect of mixing on puberty, it may be that in 

less stable groups, as a result of repeated regrouping, there is greater importance of social 

status, and therefore chronic stress in being low ranking, possibly causing an effect on 

puberty induction. In the unmixed groups with animals only being relocated, puberty 

development seems to follow the natural age-related pattern.  Age affected skatole as an 

interaction with season, with an increase in age resulting in increased skatole during 

summer, but the opposite during winter.  No reason for the season effect on the association 

between age and skatole can be given and no similar effect was found for androstenone. 

However, an effect of age on skatole levels was found by Zamaratskaia et al. (2004), with 

increasing plasma skatole levels with increasing age, although with high levels also in the 

very young animals (8-10 weeks). In addition, Babol et al. (2004) found an effect of age on 

skatole in purebred boars, with relatively low levels up to around 180-190 days, after which 

increasing levels were seen up to around 240-360 days depending on breed, when the 

levels decreased again. No seasonal effect on the age-related pattern is reported and no 

effect of day length was found in the study by Zamaratskaia et al. (2004) comparing 

autumn and spring conditions. However, the age effect on skatole could be caused by 

puberty- associated factors as discussed previously.  

Season affected androstenone concentration, with higher androstenone levels in pigs 

slaughtered during winter. The season effect interacted with weight, resulting in a greater 

difference in androstenone levels between seasons at high weights compared to low 

weights. Season of the year is also suggested by Fredriksen et al. (2006) as a significant 

factor for androstenone levels, as season is found to affect sexual maturation in the pig 

(Andersson et al., 1998a; Prunier et al., 2013). The reproductive success is highest during 

times of decreasing photoperiod (short-day period) when levels of sex steroids, including 

androstenone, are also found to be highest (EFSA 2004). Furthermore, an accelerated 

pubertal development has been reported for pigs growing during autumn (Prunier et al., 

2013). In addition, Andersson et al. (1998a) found that fat androstenone was lower in a 

group of pigs reared during Spring/Summer (March – August under artificial light 
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regimens) compared to a control group reared under natural light from January to June. 

The Spring/Summer group also had lower boar taint levels compared to an 

Autumn/Winter (September - February) group when measured by sensory evaluation. 

Contradictory results have also been found, with Fredriksen et al. (2006) finding the 

lowest levels of androstenone in the period October to March and Andersson et al. (1998b) 

finding that levels of androstenone in fat tended to be lower in Autumn compared to a 

group exposed to natural photoperiod from January-June. Walstra et al. (1999) measured 

androstenone in pigs produced in conventional systems in six European countries and 

found no effect of season on androstenone level which was supported by Zamaratskaia et 

al. (2004). Conditions on organic farms most often include a  natural light regimen, with 

animals experiencing dim light indoors and experiencing light corresponding to the actual 

day length when outside. This could make an effect of season more pronounced within 

organic farming than in conventional farming, where enclosed housing with artificial 

lighting is more predominant. However, Prunier et al. (2013) found a similar influence of 

season in conventional housing and in housing with access to an outdoor run.  

The experimental design used in the present study included herds similar in production 

system, management procedures and breeds. Nevertheless an effect of herd was found on 

both androstenone and skatole. As regards androstenone, herd 3 revealed somewhat lower 

androstenone levels than the other herds. In addition, the androstenone concentration 

varied greatly within herds (0.03-18.20 µg/g as a maximum difference). The participating 

herds did not differ with respect to mean weight, age and live weight gain excluding these 

factors as potential causes of variation. The variation both between and within herds, is 

suggested to stem from a variation in stage of puberty between the animals, as also 

reported by Claus et al. (1994), showing that most of the variation in androstenone 

concentration is explained by the time course of pubertal development. Puberty variation 

may be affected by health status, as well as by a large variation in growth rate, as found in 

present study, resulting in postponed puberty of slow-growing animals. In addition to 

effects of puberty development, androstenone variation could be caused by factors such as 

individual genetic difference in androstenone levels or different light conditions between 

farms.  

As regards skatole, the median skatole level did not differ between herds, but herd 4 and 5 

had higher maximum levels compared to the other herds. Herd 4 also had the highest 3rd 

quartile value. Variation in skatole levels between different herds was also reported by 

Aldal et al. (2005), who ascribed the variation to difference in feed composition which is 

well known to affect skatole levels. The herds in the present study were fairly similar in 
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respect to feed ingredients, and no obvious cause of differences in skatole levels between 

herds can be deduced from the present data.  The variation found stresses the importance 

of including several herds when investigating boar taint levels, however, a more thorough 

investigation of both herd and individual animal characteristics are needed to know the 

cause of the herd variation.  

Conclusion 

Increasing live weight at slaughter increased androstenone concentration for organic 

entire male pigs. Up to around 100 kg the level continuously increased, after which the 

level stabilized until 140 kg.  Skatole concentration increased slightly with increasing live 

weight. Age showed a different pattern of relationship with androstenone and skatole. The 

androstenone concentration level was higher during winter season as compared to 

summer. No difference between seasons was found for skatole. Both androstenone and 

skatole levels showed great variation both between and within the organic herds. Reducing 

live weight at slaughter could be an applicable management strategy for reducing boar 

taint levels within organic farming, although variations in boar taint compounds were 

found also for low weight animals. 
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Supplementary material 

Analysis of skatole and androstenone by the HPLC method  

Quantitative analysis of androstenone (5a-Androst-16-en-3-one) and skatole (3-

methylindole skatole) was based on the HPLC method (High performance liquid 

chromatography) described by Hansen-Møller (1994) with some modifications.  A HP1200 

chromatographic system comprising a HP1200 vacuum degasser, a HP1200 binary pump, 

a HP1200 auto sampler, a HP1200 thermostat, a HP1200 thermostated column 

compartment and a HP12000 fluorescence detector were employed for analysis of skatole 

and derivatised androstenone. Sample extraction: A 10.00 ml volume of methanol 

containing the internal standards (10 µg/ml and 100 µg/ml of 2-methyl indole and 

androstenone, respectively) was added to 1.00 g of fat. After homogenization by means of 

an Ultra Turrax homogenizer the samples were sonicated for 10 min followed by 5 min 

heating at 60oC and cooling for 5 min at -80oC. After centrifugation for 10 min at 3000 g at 

0oC, 1 ml of the extract was transferred to an Eppendorf centrifuge tube and centrifuged 

for further 5 min at 15000 g at 0oC. Then 700 µL were transferred to an auto sampler vial 

and analyzed first for androstenone then for skatole.  

HPLC analysis: Androstenone was analyzed following pre-column derivatisation. In brief a 

16 µL sample were mixed with 4 µL of a freshly prepared dansylhydrazin/BF3 solution 

(prepared by mixing 600 µL of a 2% solution of dansylhydrazin in methanol with 200 µL 

of a 20% bortrifluorid solution in methanol). The sample and the derivatisation mixture 

were mixed in the automated precolumn derivatisation devise on the auto sampler mixed 3 

times and incubated for 5 min in air at room temperature. The derivatised sampled was 

then injected onto a Kinetec C18, 2.6 µm, 100Å, 2.6*100mm column operated at 40oC and 

eluted with a binary mixture of solvent A (30% acetonitrile, 70% 25mM 

potasiumphosphate pH 6.0 and 0.1% trifuoraceticacid) and solvent B (100% methanol). 

The following solvent gradient at a total flow of 1 ml/min was used:  0.0 to 2.0 min 65.0 % 

solvent B; 2.0 -7.5 min: 65.0 to 95.0 % B; 7.5 to 9.5 min: 95.0 % B; 9.5 to 9.9 min: 95.0 to 

65.0 % B and from 9.9 to 10.0 min: 65.0 % B. Fluorescence detection was performed with 

excitation at 346 nm and emission at 521 nm. Skatole and indole were analyzed by 

injecting 10 µL sample onto the Kinetec C18, 2.6 µm, 100Å, 2.6*100mm column operated 
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at 40oC and eluted with a binary mixture of solvent A1 (5% acetonitrile, 95% 50mM 

potasiumphosphate pH 6.0) and solvent B1 (90% acetonitrile). The following solvent 

gradient at a total flow of 1 ml/min was used:  0.0 to 1.0 min 5.0 % solvent B1; 1.0 -4.0 

min: 5.0 to 40.0 % B1; 4.0 to 9.0 min: 40.0 to 52.0 % B1; 9.0 to 9.5 min: 52.0 to 100.0 % 

B1 and from 9.5 to 10.5 min: 100.0 % B1; 10.5 to 11.0 min: 100.0 to 5.0% B1 and 11.0 to 

12.0 5.0% B1. Fluorescence detection was performed with excitation at 285 nm and 

emission at 340 nm.  
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Short title: Effect of soiling on boar taint in pigs 

 

Abstract  

Production of entire male pigs could be a future strategy for organic pig production. 

However, production of entire males leads to increased risk of carcasses with elevated boar 

taint levels. It is hypothesized that skatole levels in pig meat are affected by faecal soiling 

and that organic housing facilities can increase the risk of pigs being heavily soiled. 

Therefore the overall aim of this study was to investigate if increased pig and pen soiling 

increases skatole concentration in entire male pigs. In 5 herds, 1174 organic entire male 

pigs were reared in four batches across two seasons, summer and winter. Measurements of 

pig and pen soiling, as well as fat skatole and androstenone concentration and human nose 

sensory tests of fat odour, were performed. Skatole and androstenone concentrations 

varied greatly within and between herds with a 10 and 90 % percentile for the overall 

population of 0.02 and 2.25 µg/g for skatole and 0.53 and 4.84 µg/g for androstenone. 

Human nose positive tests averaged 18.3% with great variation between herds and seasons. 

Pen soiling had significant effects on pig soiling. Moreover, outdoor pen soiling 

significantly affected skatole concentration in interactions with herd and season (P<0.001 

and P=0.003) and affected human nose positive risk in interaction with herd 

(P=0.005).Soiling on indoor pen areas did not affect skatole levels and no effect on 

androstenone was found for any pen area. Soiling of pigs affected both skatole and 

androstenone levels, with the size of the head and abdomen body areas covered in manure 

showing significant positive effects on skatole concentration. No effect of density of the 

manure layer was found on either boar taint measure. Herd significantly affected both 

skatole and androstenone in fat as well as the human nose positive risk. The human nose 
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test revealed no effect from pig soiling. A large variation in the different boar taint 

measures was found for both high and low scores of pen and pig soiling, and only a small 

difference in skatole and androstenone concentrations between the high and low soiling 

categories was found. Therefore, while increasing the hygiene management could be a 

strategy for reducing boar taint in production of organic entire male pigs, it should be 

emphasized that other factors would also need to be considered.  

Keywords: organic pig production, entire males, faecal soiling, boar taint 

Implications 

A future strategy for organic pig production could be production of entire males, to meet 

public expectation on animal welfare regarding castration of pigs. However, entire male 

production has increased risk of carcasses with boar taint. As skatole can be absorbed 

through the skin of pigs, reduction of soiling could be a strategy for reduction of boar taint 

within organic housing facilities, as these increases the risk of pigs being heavily soiled. 

The present study reveals that improving hygiene management can reduce boar taint, 

although with the need of concurrent consideration of other boar taint reducing factors. 

Introduction 

Production of entire male pigs could be a beneficial strategy in pig production, as an 

alternative to castrates, due to an increased feed efficiency and daily gain of entires 

(Andersson et al., 1997). In organic pig production entire males could be even more 

attractive due to very high feed costs compared to conventional production. The castration 

procedure causes pain and distress resulting in decreased animal welfare (Prunier et al., 

2006). Within the organic production system, the castration procedure further conflicts 

with the values of organic farming in terms of animal integrity (Verhoog et al., 2004). 

However, production of entire males leads to increased risk of carcasses with boar taint 

which, if not reduced in future entire male production, will diminish the demand for pork.  

Boar taint primarily originates from skatole and androstenone (Bonneau et al., 1982). 

Skatole is produced by microbial degradation of tryptophan in the gastro-intestinal tract 

and a fraction of the synthesized skatole is absorbed from the gut and deposited in body 

fat. There are some indications (Nonboe, 1991 cited in Hansen et al., 1994; Udesen, 1992 

cited in Hansen et al., 1994) that skatole can be absorbed either through the skin from 

contact with faeces or by inhalation in a gaseous form through the lungs. Studies by 

Hansen et al. (1994 and 1995) showed that keeping pigs dirty on a concrete floor and at a 

high stocking rate for at least a week prior to slaughter increased the skatole concentration 

in back fat of the pigs when compared to keeping the pigs clean on a wholly slatted floor. 
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Aluwé et al. (2011) found no effect on fat skatole with treatments of entire males from a 

dirty group with extra soiling (rubbed with faeces daily) compared to a clean group 

(washed daily), but did so when detecting boar taint by use of a standardized consumer 

panel.   

Androstenone is a male sex hormone related to sexual maturity rather than to 

environmental factors and is therefore not expected to be directly associated with soiling. 

However, Bekaert et al. (2012) found a positive correlation between androstenone levels 

and degree of soiling in entire male pigs. Moreover it is known that androstenone 

influences skatole accretion by reducing its degradation in the liver (Babol et al., 1999).  

Other factors suggested to affect boar taint arising from skatole are less slatted floors in the 

pens (Hansen et al., 1994), roughage feeding and other specific feed ingredients (Hansen 

et al., 2008). In relation to androstenone, age and weight at slaughter as well as season of 

the year are found to be influencing factors (Babol et al., 2004; Fábrega et al., 2011; 

Fredriksen et al., 2006).  

In Denmark organic slaughter pigs are raised in pens, including an indoor bedded area 

with straw, an activity area, with a minimum of solid floor of 0.40-0.75 m2 per pig 

depending on weight and access to an outdoor area with partially solid flooring. The 

outdoor area is mainly used for defecation (Møller and Olsen 1998; Olsen et al., 2001), 

leaving the area occasionally with large amounts of manure. Natural ventilation limits the 

possibilities to control the temperature, and straw-bedded systems increase the risk of 

reaching the upper critical temperature during summer (Temple et al., 2012). The pigs will 

then use the outdoor area to thermo regulate by wallowing in the excreta (Huynh et al., 

2005; Temple et al., 2012). Temperature affects excretory behaviour as well as pen soiling 

(Aarnink et al., 2006), as an increase in temperature changes the lying behaviour and in 

consequence forces the animals to defecate in unsuitable areas, e.g. on solid floors. In 

accordance with this, studies by Scott et al. (2006) and Temple et al. (2012) found that 

pigs in straw-bedded systems had a higher level of soiling than pigs in non-bedded 

systems. Temple et al. (2012) found that older pigs presented a higher risk of soiling 

compared to younger ones, as older pigs spend more time lying, require a higher 

evaporative heat loss as well as having a decreased space allowance relative to body size 

that may increase the probability of lying in the dunging area. Thus, organic pigs have a 

relatively higher risk of being heavily fouled with manure prior to slaughter.  

The objective of the study was to investigate a) if pen soiling affects pig soiling, based on 

scores of pen soiling for three different pen areas and scores for pig soiling for different 

body areas, and b) if increased pig/pen soiling increases skatole and androstenone 
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concentration in carcass fat at slaughter measured chemically or by sensory evaluation 

using the human nose method. Soiling is defined as being dirty from excreta and not from 

mud/soil, to which animals in this system have no access. 

Materials and methods 

The animals in the present study were part of a larger study design on organic entire male 

pigs described in Thomsen et al. (submitted 2014). 

Animals 

The target population constituted an experimental population representing entire male 

pigs reared within the organic pig production system in Denmark, as entire male pigs are 

not currently produced on a regular basis within Danish organic pig production. The study 

population included organic entire male pigs of the breed (Landrace x Yorkshire) x Duroc 

reared in parallel in five Danish commercial organic pig herds. In total 1724 experimental 

pigs in the finishing stage of the production cycle were initially included in the study. Of 

these, 579 animals were subsequently excluded due to disease, death, deviations from 

study design and missing registrations at slaughter or of soiling scores (Table 1). 

Table 1. Number of animals and causes of exclusion from the dataset prior to analysis. 

Description No. of animals Cause of exclusion 

Initial number of animals to be  

   included in experiment 

1724 - 

Animals available at insertion  

   to experimental pens (30 kg) 

1704 Euthanized, dead, diseased  

Animals completing the growth  

   period 

1542 Euthanized, dead or diseased 

(removed during experiment) 

Animals sent for slaughter 1532 Excluded due to deviations from 

study design (remaining animals 

removed from pens after 

majority of slaughter occurred) 

Animals with carcass data  1308 Missing registrations at slaughter  

Animals with soiling score 1145 Missing soiling scores  

Animals with skatole and  

   androstenone analysis (HPLC) 

1056 Missing skatole and androstenone 

analysis 

Animals with human nose test    

result 

985 Missing human nose test data 
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 Housing system 

The experimental pens all consisted of an indoor area divided into a lying area with straw 

bedding and an activity area with solid or partially slatted floors. Moreover, an outdoor run 

was accessible, predominantly with solid concrete flooring, but also including areas of 

slatted flooring. A sprinkling system was placed outdoors. The fixed facilities in the pens 

included automatic feeders or feeding troughs and water nipples/stations. Concentrate 

feed was offered ad libitum and included soybean cake, rapeseed cake, sunflower cake, 

peas and potato protein as protein sources. Carbohydrate sources included barley, wheat, 

oats, rye and triticale. Roughage was provided daily on the indoor floor area. A summary 

table with specific production system details is given in Supplementary Table S1. 

Study design 

The study was designed with parallel groups between and within 5 commercial organic 

herds.  Each herd produced 4 batches of entire male pigs during a two year period (2011-

2013); with each batch including four experimental pens. Prior to the experimental period 

the pigs were kept according to the rearing system normally used in the participating farms 

(in pens mixed with female pigs (herd 1, 3 (one pen) and 5) or in single-sex pens (herd 2, 3 

(one pen) and 4). Allocation of pigs into experimental pens was done at an average of 30 kg 

live weight to give group sizes of either 15 or 30 pigs and according to two different 

grouping strategies, either regrouping or simple relocation. Slaughtering was performed in 

two steps within each pen (split marketing) when animals approximated an average weight 

of 95 kg (first delivery) and 115 kg (second delivery). The pigs were randomly allocated to 

slaughter weight (95 or 115 kg) but, for 415 pigs out of the total of 1724, the allocation was 

modified prior to slaughter in order to accommodate contract specifications of the 

slaughter house (restricted live weight range of slaughter pigs of 86-130 kg).  

Measurements 

Each experimental pig had an electronic ear tag with a number that was linked to all 

registrations made on that particular pig in the herd, in the slaughter house and in the 

laboratory.  

Pen soiling was assessed individually for three areas; the indoor area, divided into activity 

and bedding area, and the outdoor area. The assessment was done by use of a score based 

on the degree of soiling of the surface of the pen and nature of the surface by four 

categories; Dry: area with no excreta or with excreta that has dried up, Humid: area with 

excreta that is somewhat moist, but not sticky, Wet: area with solid excreta that is very 

moist and sticky or Fluid: area with excreta that is not solid but fluid. The percentage share 
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of the total area for each of these options was registered, summing up to 100 % for each of 

the three pen areas. A total pen soiling score for each area was calculated by assigning each 

surface category a number graded by degree of soiling (dry=5, humid=10, wet=15 and 

fluid=20), multiplying this with the percentage share assigned to that category and finally 

adding them together. This gave an individual pen soiling score for each of the three pen 

areas. Pig soiling was assessed by a five point scale (Table 2) including size of the area 

covered with manure and the transparency/density of the manure layer.  A score was 

assigned to each of two body areas of the pig; head and abdomen area, for both left and 

right side of the pig. Head and abdomen body area were chosen as these body areas are 

believed to be the most important as regards absorption of skatole, based on the study by 

Friis (1993) showing that around 40 % of radioactive marked skatole passed through the 

skin of the belly, in contrast to only 6 % on the back. The assessment of pig soiling was 

done by two observers. Inter-observer reliability for assessment of pig soiling based on 

kappa calculations ranged from moderate (0.4-0.6) to high (>0.6) agreement (Cohen 1960, 

Petersen et al., 2004).  

Pen and pig soiling were recorded on four occasions during the experimental period: at 

approximately 30 kg (one week after insertion into experimental pens), 70 kg, 95 kg and 

115 kg. As the number of days between registration of soiling and slaughter varied between 

animals, a maximum of 7 days was used as an inclusion criterion for the analyses. This 

excluded 163 animals and gave a remaining total of 1145 pigs with both pen and pig soiling 

scores (see Table 1).  

Season of the year was defined based on slaughter period, with animals slaughtered in 

January to March (batch 1 and 3) constituting the ‘winter season’ and animals slaughtered 

in June to August (batch 2 and 4) constituting the ‘summer season’. Mean temperature for 

the two summer periods was 15 and16 °C and for the winter periods 0 and 2 °C 

(www.DMI.dk).  
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Table 2. Scale for pig soiling score. 

Score Definition 

0 The body area is clean with no excreta 

1 < ½ of the body area is covered with excreta. The layer of excreta is transparent and the 

skin of the pig can easily be seen through the excreta 

2 ≥ ½ of the body area is covered with excreta. The layer of excreta is transparent and the 

skin of the pig can easily be seen through the excreta 

3 < ½ of the body area is covered with excreta. The layer of excreta is dense and the skin of 

the pig cannot, or can only slightly, be seen through the excreta 

4 ≥ ½ of the body area is covered with excreta. The layer of excreta is dense and the skin of 

the pig cannot, or can only slightly, be seen through the excreta 

 

Boar taint analysis 

Boar taint was assessed by two different methods: measuring the concentration of skatole 

and androstenone by the HPLC method and qualitatively determining smell by the human 

nose method, in order to have both a quantitative and a qualitative measure of boar taint.  

HPLC method  

Quantitative determination of skatole (3-methylindole skatole) and androstenone (5a-

Androst-16-en-3-one) was done by use of the high performance liquid chromatography 

(HPLC) method described by Hansen-Møller (1994) with some modifications as described 

in Thomsen et al. (submitted 2014).  Skatole and androstenone measurement was done on 

fat from 1056 animals (Table 1). 

Human nose method 

Qualitative determination of boar taint was estimated from the human nose method. Four 

different laboratory personnel were involved in the human nose scoring, with two persons 

at a time sniffing the same sample. The personnel were trained to sniff androstenone and 

skatole and were all pre-screened to be sensitive to androstenone. The trained personnel 

regularly underwent calibration by sniffing five different samples with addition of 

androstenone and skatole constituting samples with known smell.  With two or more 

erroneous assessments retraining was executed.  

Samples of subcutaneous fat from the neck region were collected from the experimental 

pigs after slaughter. A small piece (5 g) of fat was heated by lowering it into a test tube in 

boiling water for 2 min. Subsequently the trained personnel sniffed the sample and scored 

the odour either 0 for no smell, 1 for vague smell and 2 for clear smell. Prior to this 

procedure a sample with no smell was sniffed, constituting a reference sample. Only the 
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score 2 from the human nose method results in carcasses being sorted out at the abattoir 

based on odour, and so this score was used for calculating the percentages of positive 

scores. A human nose score was assigned to 985 pigs (Table 1). 

Statistical analysis  

Statistical analyses were performed using the statistical software R (R Core Team, 2014).  

Prior to analysis, pen soiling scores were transformed into a dichotomous scale, defining a 

low and a high pen soiling category for each of three pen areas, with the threshold based on 

an assessment of the scores attained from the pen soiling scale. Pig soiling was divided into 

two scores for each body area with one reflecting manure transparency/density and one 

reflecting size of the area (<½ or ≥ ½) covered with manure (thus giving head 

transparency, head area, abdomen transparency and abdomen area, respectively). For each 

of the four dichotomous variables, left and right scores of soiling were combined with the 

highest score in the individual pig constituting the final outcome. Analysis of the effect of 

pen soiling on pig soiling was performed by a logistic regression model. The analysis was 

performed for each of the registration rounds of soiling, however with 95 and 115 kg 

registrations combined to reflect the final registration prior to slaughter for each individual 

animal. The logistic regression model was in addition used for analysis of differences 

between herds and seasons for pen and pig soiling. 

Effects of the explanatory variables pen and pig soiling on skatole and androstenone 

concentration were analyzed by a linear mixed effects model using the lmer function from 

the package lme4 (Bates et al., 2014) in R.  Prior to the analysis, skatole and androstenone 

were log transformed to obtain a normal distribution.  The other boar taint outcome, the 

human nose test, was analyzed to evaluate the potential risk of tainted meat and effects of 

the explanatory predictors, using a logistic binomial mixed model, adjusted by use of the 

package lme4 (Bates et al., 2014) of the statistical software R (R Core Team, 2014). The p-

values of the likelihood ratio tests were calculated using parametric bootstrap (Davidson 

and Hinkley, 1997; Faraway, 2006). For each outcome of boar taint, pig and pen soiling 

were analysed in separate models, using only the 95 or 115 kg registrations constituting the 

final registration prior to slaughter for each individual animal. For all analyses, a strategy 

with backwards elimination of variables was applied using a significance level of 5% to 

include variables and interactions.  

Explanatory variables tested in all model-building processes were: Pen soiling scores for 

three pen areas: outdoor, bedding and activity area. Pig soiling scores for two body areas, 

head and abdomen, with variables of both size of area and transparency/density. Season 
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was tested as a nominal variable with two levels: summer and winter. Herd was tested as a 

categorical variable with five levels. Interaction terms between soiling scores and season 

and herd, were also included in the model. Group size and grouping strategy were tested as 

nominal co-variables, as the wider study design involved different group sizes and 

grouping strategies. Due to the study design, independence between animals within each 

herd, within each season for the different group sizes and grouping strategies was not 

expected. To account for this, a variable including herd, season, group size and grouping 

strategy (HSGG) was made. In addition, pigs within the same pen were considered to be 

dependent and a variable including pen, season, group size and grouping strategy (PSGG) 

was made. Only this variable was used in the further analyses as the HSGG was nested in 

PSGG. The variable was set as random in the mixed effects model.  

As a final model check, residual plots and Shapiro-Wilk normality tests were used to 

evaluate the linear mixed effects model assumptions of normal distribution of fixed effects 

in each analysis, as well as to identify outlier observations.  

In addition to the statistical analysis, a diagnostic test on the human nose method was 

performed, to analyse the relationship of a positive human nose test to chemical analyses 

of skatole and androstenone. This was done by calculating the sensitivity and specificity of 

the human nose method based on all 985 samples analysed in this experiment, using 

skatole above or below 0.25 µg/g or androstenone above or below 1 µg/g as the gold 

standard. 

Results 

Soiling of pens and pigs 

For all three registration rounds (30 kg, 70 kg and 95/115 kg) pen soiling effected pig 

soiling, however with different outcomes for different combinations of pen and pig soiling 

variables. The general trend was that pen soiling had higher influence on the area covered 

in manure compared to density of the manure layer.  Pen soiling increased during winter 

compared to summer, whereas pig soiling increased during summer compared to winter. 

Effects of pen soiling on pig soiling as well as p-values for differences in pen and pig soiling 

levels between herds and seasons is given in Supplementary Table S2. 

Pig soiling was not consistent across the four registration rounds of 30, 70, 95 and 115 kg, 

meaning that only on a very few occasions did the same animal get the same score in each 

registration round. As regards pen soiling no consistency was found for outdoor pen 

soiling, whereas for indoor activity and bedding area more than half the pens were 
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assigned to the low soiling category in all four registration rounds, revealing a consistent 

low soiling level for these areas.  

Skatole  

A large variation in skatole concentration in fat was found across herds and seasons, with a 

10 and 90 % percentile for the whole population of 0.02 and 2.25 µg/g, respectively. The 

overall median level was 0.05 µg/g. More detailed analyses of skatole concentrations are 

presented in Thomsen et al. (submitted 2014).  

Soiling on the outdoor area significantly affected skatole concentrations as an interaction 

with herd (P<0.001), revealing an increased fat skatole level for high soiling levels only for 

some herds (Fig.1).  In addition to the interaction with herd, outdoor pen soiling also 

showed an interaction with season (P=0.003), showing higher fat skatole levels for high 

soiling levels during winter. The soiling level in the indoor pen areas (activity and 

bedding), did not affect the skatole concentration.  

As regards pig soiling, the soiling of the head area of the pig significantly affected fat 

skatole (P<0.01), with increased fat skatole levels when the head area was covered more 

than half in manure (Fig. 2). The soiling of the abdomen area also showed a significant 

effect on fat skatole, but only as an interaction with herd (P<0.01), with higher fat skatole 

levels for abdomen areas covered less than half with manure for some herds. Further 

analysis of the interaction revealed an overall difference in skatole between large and small 

soiled abdomen area close to zero, suggesting the significant output reflects a random herd 

event.  In general, the size of the area covered with manure showed a more significant 

influence in the models than the effect of the manure layer being either transparent or 

dense. In addition to the effect of pig soiling, herd significantly affected fat skatole 

(P<0.001), whereas the effect of season was expressed only as a tendency (P<0.08). Group 

size or grouping strategy did not affect fat skatole levels.  

Androstenone  

A large variation in androstenone concentration in fat was found across herds and seasons, 

with a 10 and 90 % percentile for the whole population of 0.53 and 4.84 µg/g, respectively. 

The overall median level was 1.83 µg/g. More detailed analyses of androstenone 

concentrations are presented in Thomsen et al., (submitted 2014).  

None of the pen area soiling scores significantly affected androstenone concentration. 

However, soiling of both the head and abdomen area of the pig significantly affected fat 

androstenone (P=0.01 and P=0.02, respectively), with increased fat androstenone levels 

when the areas were more than half covered in manure. 
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Herd significantly affected fat androstenone (P<0.001), but season, grouping strategy and 

group size showed no significant effect.  

Figure 1. Variation of logarithmic fat skatole concentration stratified by high or low outdoor area soiling 

score (High or Low) and herd no. (1-5). Lower and upper line of the boxes illustrates 1st and 3rd quartile 

ranges with the bold line illustrating the median. Dotted lines above and below boxes represents the 

minimum and maximum value. 

Figure 2. Variation of logarithmic fat skatole concentration stratified by size of the head area of the pig 

being soiled (Low; <½ and High; >½) and herd no. (1-5). Lower and upper line of the boxes illustrates 

1st and 3rd quartile ranges with the bold line illustrating the median. Dotted lines above and below boxes 

represents the minimum and maximum value. 
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 Human nose test  

The percentage of positive outcomes from the human nose test was in total 18.3%. The 

prevalence of positive tests varied across herd and season (Table 3). 

Table 3. Number of human nose tests conducted and percentage of positive tests, stratified by herd and 
season. 

 Total % positives 

Herds   

1 210 11.4 

2 159 18.2 

3 170 14.6 

4 217 28.6 

5 229 17.5 

Season   

Summer 561 11.9 

Winter 425 26.6 

Total 985 18.3 

 

For boar taint as a sensory evaluation measured by the human nose test, no significant 

effect of pig soiling was found.  A significant effect of outdoor pen soiling was found as an 

interaction with herd (P=0.005), with more registrations of a high soiling score compared 

to a low score for positive outcomes of the human nose evaluation only present in one 

herd. In addition, soiling in the bedding area in the pens significantly affected the human 

nose test as an interaction with season (P=0.003), with more positive outcomes of the 

human nose evaluation for high soling scores in winter periods. Season of the year and 

herd significantly affected human nose positive risk (P<0.001), whereas no significant 

effect was found of cleanliness of the pen activity area, or of group size and grouping 

strategy. 

Diagnostic test 

The diagnostic test calculating the relationship of a positive human nose test to chemical 

analyses showed, for a skatole threshold of 0.25 µg/g as a gold standard, a sensitivity of 

88% and a specificity of 89%. For androstenone, with a threshold of 1 µg/g as the gold 

standard, the sensitivity was 22% and the specificity 92%. Using a combination of skatole 

(threshold of 0.25 µg/g) and androstenone (threshold of 1 µg/g) as a gold standard gave a 

sensitivity of 22% and a specificity of 94%.  
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Rejection of carcasses 

The percentages of carcasses which would be rejected due to respective threshold levels 

varied between boar taint compounds and detection methods. For all carcasses, 75.7% had 

concentrations above 1.0 µg/g androstenone, 9.8% had concentrations above 0.25 µg/g 

skatole and 18.3% gained a positive test from the human nose method.  

Discussion 

Pen and pig soiling varied between herds reflecting differences in the hygiene management 

strategy, eventual caused by different pen layouts as regards access to the outdoor area, 

affecting the possibility to clean, differences in prioritization of cleaning the pen areas or 

different quality of the climate control affecting the animals’ thermal comfort and need for 

wallowing.  

For all herds more dirty animals were found during summer, whereas a higher pen soiling 

level was found during winter. In general, high pen soiling gave a higher probability of a 

large area of skin covered in manure compared to low pen soiling. In contrast, high pen 

soiling was associated with a lower probability of being soiled with a dense manure layer. 

The effects, in combination with the difference in soiling level of pigs and pens between 

seasons, reflect how the behaviour of the animals has an influence on the pig soiling level. 

During hot weather the pigs actively seek areas with a possibility to wallow (Huynh et al., 

2005), which are areas with manure, especially the outdoor run. The present study 

indicates a somewhat optimal use of the functional areas available, with the highest soiling 

level found on the outdoor run, mainly being used for defecating, and the bedding area 

having the lowest soiling level, mainly being used for resting. Inconsistency of soiling levels 

across registration rounds indicate that pig soiling is not solely an individual behavioural 

trait, but is affected by environmental factors. Temperatures above the thermal comfort 

zone of the pigs were only occasionally reached during the experiment, minimizing the 

effect of temperature on the pig soiling levels found.  

The present investigation of the association between soiling and different boar taint 

measures within the organic pig production system can partly verify the hypothesis of 

Hansen et al. (1994) that soiling affects skatole levels.  In the present study, skatole, 

androstenone and human nose sensory evaluation were used as measures of boar taint. 

Each of these measures revealed different results when analyzed for association with 

soiling of pigs and pens. This was also the result of Aluwé et al. (2011), who had seven 

different measures of boar taint, including chemical analysis and different sensory 

evaluations, and only found an effect of soiling by a standardized consumer panel 
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evaluating the sensory quality of the meat. However, in the present study, soiling affected 

each of the included boar taint measures in some way or other.  

Outdoor pen soiling significantly affected both skatole concentration and human nose 

positive risk as an interaction with herd. In addition, the effect of outdoor pen soiling on 

skatole varied across seasons, whereas for the human nose positive test the season effect 

was shown as an interaction with soiling in the bedding area. The results show that it is the 

outdoor pen area that most significantly affects boar taint measures, this being the area 

mostly used for defecating. The varying effect of outdoor pen soiling between herds could 

reflect differences in time spent on the area, as a consequence of the behaviour of the 

animals, as well as differences in soiling levels between herds. The interactive effect with 

season could indicate that temperature plays a role in regards to absorption of skatole, as 

the temperature affects the transformation of skatole into a gaseous form (Nonboe, 1991 

cited in Hansen et al., 1994). Our results, however, show an increased effect of soiling on 

skatole during winter periods. Due to the natural ventilation system on organic farms, 

together with access to a straw bedded area and open access to an outdoor run, 

temperature would probably have a more unpredictable influence on skatole absorption as 

compared to conventional housing with temperature control systems.  In comparison to 

the outdoor area, the bedding area holds very small amounts of manure and the 

interaction effect with season on human nose positive test was unexpected. This could 

reflect an indirect effect of animal behaviour with differences in time spent indoor 

compared to outdoor depending on season and, in addition, a seasonal effect on soiling in 

the bedding area, with faster volatilisation and drying of the bedding material in summer 

periods.  

Pig soiling affected both skatole and androstenone concentrations, with the size of the area 

covered in manure being more influential than the density of the manure layer. Soiling of 

both the head and abdomen area were found to have a significant effect, though in the case 

of the abdomen area only as an interaction with herd as regards the effect on skatole. The 

results cannot clarify if skatole and androstenone are absorbed through the skin or inhaled 

through the lungs. Both the head and abdomen body area holds areas with thin skin which 

increases the absorption of skatole, as found by Friis (1993), showing that only 6 % of 

radioactive marked skatole passed through the skin on the back, in contrast to around 40 

% of the belly. However inhalation of skatole in a gaseous form could be possible from 

soiling in the head area.  

Even though an effect of pig soiling was found, it should be emphasized that a large 

variation in the different boar taint measures was found for both high and low scores of 
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pen and pig soiling, and, in addition, that only a small difference in skatole and 

androstenone concentrations between the high and low soiling categories was found. No 

effect of pig soiling was found on human nose positive risk.  

As skatole is present in the manure, the hypothesis for a relationship with soiling through 

absorption of skatole through the skin or lungs is relevant. However, the association 

between soiling and androstenone found in our study is not easy to explain. A similar 

association was found by Bekaert et al. (2012), who found a positive correlation between 

androstenone levels and degree of soiling in entire male pigs at 20 and 22 weeks of age. A 

difference in behaviour of pigs as they become sexually mature, leading to increased 

soiling, or the interplay between skatole and androstenone reported by Babol et al. (1999) 

may cause this result.  

The relationship of a positive human nose test to chemical analyses was assessed by use of 

a diagnostic analysis. Using a threshold level for skatole of 0.25 µg/g as the gold standard, 

the analysis revealed a high sensitivity indicating that a high amount of carcasses above 

this threshold would be classified as testing positive and a high specificity indicating that a 

high amount of carcasses with skatole concentration below the threshold would be 

classified as testing negative. However when using androstenone with a concentration of 1 

µg/g as the gold standard, a low sensitivity, but a high specificity were revealed, indicating 

that the human nose method only to a limited extent detects carcasses with high 

androstenone concentrations, whereas for carcasses with low androstenone concentration 

the chance of testing negative is high. Using a gold standard combining skatole and 

androstenone concentrations, revealed almost the same levels as for androstenone alone. 

This indicates that the human nose method is not an optimal method for predicting boar 

taint caused by androstenone. Similar results were found by (Mathur et al., 2012).  

Percentages of carcasses which would be rejected due to threshold criteria for the different 

boar taint compounds and detection methods showed 75.7% for androstenone (>1.0 µg/g), 

9.8% for skatole (>0.25 µg/g) and 18.3% with a positive test from the human nose sensory 

evaluation. This covers animals with a 10 and 90 % percentile of 91 and 130 kg live weight, 

respectively. A large variation in rejection percentages is found for skatole and 

androstenone in literature (Table 4). The rejection rates in the present study seem 

somewhat higher, especially regarding androstenone, when compared to the results of 

different studies of conventional raised entire male pigs, suggesting higher percentages of 

carcasses rejected within the organic system. This may reflect effects of housing system 

(e.g. soiling, light conditions) and different types of diets as well as a puberty related effect 

due to e.g. slower growth and breed type used.  The difference found stresses the 
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importance of investigating factors able to reduce boar taint levels within the organic 

system.  

Table 4. Carcass rejection percentages based on skatole, androstenone and human nose method for 

entire male pigs in six different studies. 

Reference Weight Skatole 
> 0.2 µg/g 

Androstenone 
>1 µg/g 

Human 
nose 

Nicolau-Solano et al. (2007)1 59-95 kg4 9% 32% - 
Andersson et al. (2005)1 90-115 kg5 11% 56% - 
Chen et al. (2007)1 90/115 kg5 19/6% 22/44% - 
Zamaratskaia et al. (2005)1 90-115 kg5 26% 47% - 
Walstra et al. (1999)1 48-107 kg4 >10%6 ~30 % - 
Maribo (2012)2 75-93 kg4 18%3 66% 26% 
1conventional production system 
2organic production system 
30.25 µg/g skatole 
4carcass weight 
5live weight 
62% in DK 

Conclusion 

Pen soiling was found to affect pig soiling; however, pen soiling increased during winter 

periods compared to summer periods, whereas pig soiling level was higher during summer 

periods. Pen and pig soiling affected boar taint measured as skatole and androstenone 

concentration as well as a human nose sensory evaluation. The effect on the different boar 

taint measures was, however, not consistent for each of the different soiling measures. In 

addition, a large variation in the different boar taint measures was found for both high and 

low scores of pen and pig soiling, and only a small difference in skatole and androstenone 

concentrations between the high and low soiling categories was found. The herd and 

season effects on boar taint levels should be emphasized when interpreting results, as 

individual herd differences are of importance in relation to hygiene management and other 

skatole causal factors. The results indicate that increasing the hygiene management on 

organic pig herds could be a strategy for reducing boar taint of organic entire male pigs, 

but it cannot ensure a taint free pig production, and other boar taint reducing factors 

should be used in combination. As regards boar taint detection methods, the results of a 

diagnostic analysis indicate that the human nose method can function as an applicable 

method for boar taint detection, but is mostly based on skatole.  
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Supplementary material 

Supplementary Table S1. Production system characteristics for each of five experimental herds included 

in the study investigating effect of faecal soiling on boar taint measures.  

Herd no. Herd 1 Herd 2 Herd 3 Herd 4 Herd 5 

Breeds LY x D LY x D LY x D LY x D LY x D 

Indoor space 

allowance1  

37.3(1.2)/ 

19.8(1.3) 

25.4(1.2)/ 

12.8(1.2) 

38.8(1.3)/ 

22.9(1.5) 

44.1(1.5)/ 

24.2(1.6) 

36.4(1.2)/ 

16.8(1.1) 

Division of 

indoor/outdoor 

No Yes Yes Yes Yes 

No. of feeding 

stations 

2 2 2/12  2 1 

Concentrate 

  (30 kg - slaughter) 

Home-mixed  

Crude 

protein3: 

10.4% 

Home-mixed  

Crude 

protein: 

13.4% 

Compound 

Crude 

protein: 

17.3% 

Compound 

Crude 

protein: 

17.6% 

Home-

mixed  

Crude 

protein: 

14.9% 

Roughage Clover/grass, 

barley/pea 

silage 

Clover/grass 

silage 

Clover/grass 

silage 

Green barley 

(early 

harvest) 

Clover/grass 

silage 

1 m2 total area (m2 per pig) for group size 30/15 

2placed outdoors in large pens and indoors in small pens 

3approximate amount   
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Supplementary Table S2. Effect of pen soiling on pig soiling as well as effect of herd and season on pen 

and pig soiling for different areas of pens and pigs presented as p-values stratified by registration round 

(30kg, 70 kg and 95/115 kg), for animals and experimental pens included in the study investigating the 

effect of faecal soiling on boar taint measures.  

  
Pen outdoor 

area 
Pen activity 

area 
Pen bedding 

area Herd Season 
30 kg 

     Pig soiling 
     Head(area) 0.0011 NS NS 0.001 NS 

Head(density) NS 0.012 0.0022 0.001 0.001 
Abdomen(area) 0.0011 NS 0.0072 0.001 0.001 
Abdomen(density) NS NS 0.0042 0.001 0.001 

Pen soiling 
     Outdoor area - - - 0.001 0.001 

Indoor activity area - - - 0.001 0.001 
Bedding area - - - 0.001 0.001 

70 kg 
     Pig soiling 
     Head(area) 0.021 NS NS 0.001 0.001 

Head(density) 0.032 0.0011 NS 0.001 0.001 
Abdomen(area) NS NS NS 0.001 0.001 
Abdomen(density) NS 0.011 NS 0.001 0.001 

Pen soiling 
     Outdoor area - - - 0.001 0.001 

Indoor activity area - - - 0.001 0.001 
Bedding area - - - 0.001 0.001 

95/115 kg 
     Pig soiling 

     Head(area) 0.0011 0.0041 0.021 0.001 NS 
Head(density) 0.0012 0.0052 0.012 0.001 0.001 
Abdomen(area) 0.0011 0.011 NS 0.001 0.001 
Abdomen(density) NS 0.012 NS 0.001 0.001 

Pen soiling 
     Outdoor area - - - 0.001 NS 

Indoor activity area - - - 0.001 0.001 
Bedding area - - - 0.001 NS 

1High pen soiling associated with higher odds of dirty pigs 
2High pen soiling associated with lower odds of dirty pigs 
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Abstract  

Alternatives to surgical castration in organic pig production are needed, due to stress and 

pain caused by castration of male pigs. One alternative, which is in accordance with the 

values in organic farming, is production of entire male pigs. However, changed behaviour 

of entires compared to castrates might also adversely affect the welfare of the animals. 

Therefore, in order to produce entire male pigs, without compromised animal welfare, 

changes in the production system, such as those offered by the organic farming system, 

with e.g. more available space and access to rooting material and roughage, might be 

beneficial. The aim of this article is to investigate the effect of grouping strategy and group 

size on levels of mounting behaviour and skin lesions, hypothesising that procedures that 

disrupt the social stability (e.g. regrouping) will have a larger negative effect in small 

groups compared to large groups. 1724 organic entire male pigs of the breed (Landrace x 

Yorkshire) x Duroc were reared in parallel in five organic herds, distributed across four 

batches in a 2x2 factorial design, with two grouping strategies: regrouping and relocation, 

and two group sizes: 15 and 30 animals. Animals were able to socialise in the lactation 

period, then were all mixed with unfamiliar pigs at weaning. A second mixing occurred at 

insertion to fattening pens for pigs being regrouped. Counting of skin lesions and 

registration of mounting behaviour were done on three occasions during the experimental 

period. 
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No interactive effects were found between grouping strategy and group size on either skin 

lesions or mounting frequency. In addition, no effect of grouping strategy was found on 

mean number of skin lesions, but with a difference between group sizes (P<0.0001), with 

more lesions in large groups. Effects of grouping strategy and group size on mounting 

frequency were shown as interacting effects with herds (P<0.0001), but with no consistent 

pattern across all herds. Herd differences were found for both mounting frequency and 

number of skin lesions. No association between skin lesions and mounting were revealed. 

The results do not point to any clear management recommendations on grouping strategy 

when rearing entires. However, the organic production system seems favourable for 

rearing entires as regards absence of an increase in behavioural problems compromising 

animal welfare as pigs age. 

Keywords: Entire male pigs, organic production, welfare, mounting, skin lesions 

Implications  

Production of entire male pigs corresponds well with the welfare principles of organic 

farming. In addition, the organic farming system might better accommodate some of the 

changed behaviours of entires, found to decrease animal welfare. However, this is 

influenced by management procedures in relation to grouping of animals, affecting the 

social organisation of pigs. The present study revealed no clear management 

recommendations on grouping strategy and group size when rearing entires in the organic 

farming system, as levels of skin lesions did not differ in different grouping strategies and 

results showed inconsistent results on mounting behaviour across herds. 

Introduction  

Surgical castration of pigs is a routine procedure in many countries, not least in Denmark, 

where currently more than 10 million male pigs are surgically castrated each year. The 

castration procedure causes stress and pain (Prunier et al., 2006) with decreased animal 

welfare as a result. As regards the organic production system, castration further conflicts 

with the ethical values concerning animal integrity (Verhoog et al., 2004). In Denmark, 

legislation on the castration procedure prescribes the use of an analgesic prior to the 

surgical intervention (since 2009). However, even with the use of analgesia, welfare issues 

related to the procedure are still present (Prunier et al., 2006; von Borell et al., 2009). The 

castration procedure is also time consuming, not least within the organic farming system 

where sows farrow in outdoor paddocks. Based on these considerations, alternatives to 

surgical castration are needed. One alternative, which is in accordance with the values in 

organic farming, is production of entire male pigs. However, different welfare issues 
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associated with this production method are reported, due to the behaviour of entires 

caused by the hormonal changes during sexual maturation. The main effects reported are 

increased aggression of entires compared to both castrates and females, as well as 

increased mounting behaviour (Rydhmer et al., 2006; Boyle and Björklund, 2007; 

Fredriksen et al., 2008). Elevated aggression levels can adversely affect the welfare of the 

animals by generating negative feelings such as fear, exhaustion or pain.  

As regards mounting behaviour, frequent mounting is suggested to increase the risk of leg 

problems and skin lesions (Rydhmer et al., 2006).  The behaviour induces high pitch 

vocalisations from the mounted pig (Hintze et al., 2013) indicative of feelings of 

discomfort. Furthermore, frequent mounting behaviour causes a high level of disturbance 

among all animals of a group (Rydhmer et al., 2006), possible reducing animal welfare.  

The growing/finishing stage of slaughter pigs is normally from 30 kg until slaughter at 

around 110 kg (in Denmark). A gradual development of adverse behaviours over this 

period is expected as more animals reach the time of puberty. In this regard it is 

hypothesised that the amount of mounting behaviour will increase with increased weight 

and age of the animals as maturation occurs. As regards skin lesions, the amount will be 

high in newly mixed animals when formation of a hierarchy is ongoing and will decrease as 

the social stability of the group is attained. A second increase in lesions can then arise 

when the pigs reach puberty (Fredriksen et al., 2008; Prunier et al., 2013). 

In order to be able to produce entire male pigs, without compromised animal welfare, 

changes in the production system and management strategies might be a necessity. The 

organic farming system offers more available space, access to rooting material and 

roughage as well as access to an outdoor run for pigs in the growing/finishing stage. This 

could contribute to a reduction of the unwanted behaviours of entires. Still, the 

management procedures might be expected to have an impact.  A normal management 

procedure within both conventional and organic pig production is regrouping, involving 

mixing of unfamiliar pigs, to optimise pen utilisation and minimise weight variation within 

groups.  It is known from studies of conventionally raised pigs that mixing of unfamiliar 

pigs in general affects the social stability of a group, causing increased aggression levels 

with detrimental effects on animal welfare (Giersing et al., 2000; Li and Wang, 2011). For 

entire male pigs, such a procedure could have an even greater impact due to their 

increased aggression level.  Rydhmer et al. (2013) found that entire males reared in stable 

groups, and having been socialised prior to weaning, showed less aggression and had fewer 

skin leisons compared to unfamiliar pigs in mixed groups. Fabrega et al. (2013) found no 

effect on aggresssive behaviour in a stable wean-to-finish system compared to mixed 
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groups, although there were more skin lesions in the mixed groups. In this study also, all 

pigs had been able to socialise with other litters prior to weaning.  D’Eath (2005) found 

that socialising piglets before weaning improves the social skills of the piglets with 

beneficial effects during future encounters with unfamiliar pigs, possible lowering the 

amount of fighting. As regards mounting behaviour and the effect of grouping strategy, 

Rydhmer et al. (2013) found higher mounting in the intact groups at start and end of the 

study, whereas Fabrega et al. (2013) found no effect on mounting behaviour in a stable 

wean-to-finish system compared to mixed groups. 

It is believed that the social organization is more complex in large groups compared to 

small groups, with a different form of social organization and lowered aggressiveness 

(Turner and Edwards, 2004). The group size in which the animals are reared could 

therefore influence the overall welfare of the animals. Spoolder et al. (1999) suggested that 

larger groups take longer to establish a dominance hierchy, as the number of unfamiliar 

pigs increases with group size, resulting in increased aggresssion levels (Arey and Franklin, 

1995). However, in large groups the animals cannot recognise all members in the 

dominance structure which could lower the aggression level (Turner et al., 2001). At what 

group size this effect will be pressent is not known. Moreover, larger groups have a larger 

total area available, increasing the space for social interactions and avoidance of aggressors 

(Turner and Edwards, 2004).  

Therefore, social organization within a group is important for the welfare of the animals, 

but group size and grouping strategy can influence this organization in different ways. It is 

hypothesised that regrouping of entire male pigs compared to simple relocation at 

transition into the finishing accommodation (approximately at 30 kg) will negatively affect 

animal welfare measured as skin lesions. Moreover regrouping is hypothesised to increase 

the level of mounting behaviour, due to advanced sexual maturation in mixed groups of 

pigs, as suggested by Fredriksen et al. (2008).   

Following formation of a new group, a dominance hierachy is established to give social 

stability and minimize costly aggressive interactions (Turner and Edwards, 2004). With 

small groups having a more stable social hierarcy, it is hypothesised that procedures that 

influence the social stability (e.g. regrouping) will have a larger negative effect in small 

groups compared to large groups (when comparing group sizes of 15 and 30 animals).  

The overall aim was to investigate management approaches in relation to welfare of 

organic entire male pigs, focusing on the effect of grouping strategy and group size on 

levels of mounting behaviour and skin lesions. 
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Materials and methods  

This study is part of a larger study on organic entire male pigs, with a thorough description 

of housing system and study design to be found in Thomsen et al. (2014a and 2014b).  

Animals 

The target population, consisting of organic entire male pigs of the breed (Landrace x 

Yorkshire) x Duroc, constituted a hypothetical population representing entires reared 

within the organic pig production system in DK. Entire male pigs are not  produced on a 

regular basis within Danish organic pig production, and within conventional pig 

production only on a small scale. The study included 1724 entire male pigs commencing 

the finishing stage of the production cycle, with a total of 295 pigs excluded due to disease, 

death and deviations from study design. The pigs were reared in parallel in five Danish 

commercial organic pig herds.  

Housing system 

The pigs were reared according to the standard Danish organic production system, with an 

indoor area consisting of an activity area with solid and partially slatted floors and a 

resting area with straw bedding. Partitioning walls in the indoor area were present in three 

herds. All pens had access to an outdoor run with concrete floor and sprinkling system, 

either separated from the indoor area by solid walls or with no separation. The fixed 

facilities in the pens included automatic feeders or feeding troughs (2-7.5 animals per 

feeding place) including access to water by individual water nipples/stations. Space 

allowance was approximately 1.2 m2 per pig. Concentrate feed was provided ad libitum. 

Roughage (clover/grass silage) was provided daily in the resting area. 

Study design 

The experimental study was designed as a 2 x 2 factorial, stratified by grouping strategy 

(regrouping and relocation) and group size (15 and 30 animals), with parallel groups 

between and within 5 organic herds. Each herd produced 4 batches, each consisting of four 

experimental pens of entire male pigs. The study encompassed a two year period from 2011 

to 2013, with two batches in the winter season and two in the summer season. All male 

pigs were born on free range, with the possibility to familiarise with other litters in 

neighbouring paddocks. At weaning the pigs were reared according to the rearing system 

normally used in the respective participating herds (in pens mixed with female pigs (herd 

1, 3 (one pen) and 5) or in single-sex pens (herd 2, 3 (one pen) and 4)) resulting in mixing 

of different litters in all herds.  At an average weight of 30 kg, approx. 5 weeks after 
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weaning, the male pigs were allocated to the finishing pens according to the experimental 

design. This comprised two pens of regrouped pigs, with pigs being mixed from two 

different weaning pens, and two pens of relocated pigs, with pigs coming from only one 

weaning pen and simply being relocated into the experimental pens. Besides the two 

grouping strategies, two different group sizes were applied, with each grouping strategy 

having one pen of 15 pigs and one pen of 30 pigs. The pigs stayed in these pens until 

slaughter, which took place in two steps (split marketing) with animals approximating an 

average weight of 95 kg in the first delivery and 115 kg in the last delivery. Animals were 

randomly allocated to slaughter weight category but, for 415 pigs out of the total of 1724, 

the allocation was modified prior to slaughter to accommodate contract specifications of 

the slaughter house (restricted live weight range of slaughter pigs of 86-130 kg).  

Measurements 

All measures were performed at three registration points during the experimental period, 

1st, 2nd and 3rd round. The first registration round was performed a week after insertion 

into experimental pens (at app. 30 kg live weight), and the second and third round within a 

week prior to first and second slaughter occasion, respectively.  

Behaviour observations 

Observations of behaviour were made from simultaneous video recordings of each of the 

four pens in a batch in each of the five herds. Recordings only covered the indoor area of 

the pens. Registrations of behaviour were made for a four hour period, preferentially 

placed during the morning hours. However, on six occasions, distributed across all 

treatments, quality of the video recordings necessitated use of time periods placed during 

the afternoon and evening. Recordings were made of 80 pens in total at each round of 

registrations. Of the eighty pens, recordings were missing for 11 pens at 30 kg, 13 pens at 

95 kg and 14 pens at 115 kg. This was mainly due to problems with the video equipment (31 

pens in total), but also caused by deviations from the study design, e.g. animals not 

grouped according to experimental plan (7 pens). Observations from video recordings were 

performed by one observer. Intra-observer reliability was calculated by a weighted Cohens 

kappa-coefficient (Cohen, 1960; Kundel and Polansky, 2003). To be able to perform a 

calculation of a kappa coefficient, data were reorganized. A series of time intervals of 3 

minutes was set up and the number of mountings performed within each of these was 

counted. The number of mountings constituted a created category and the number of time 

intervals within these categories constituted the number of agreements and disagreements. 
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From these, a weighted kappa coefficient was calculated for each of four pens, resulting in 

generally high agreement (ranging from 0.43-0.99 for four different pens).   

Mounting 

Mounting behaviour and attempted mounting events were registered from the video 

recordings at pen level, using continuous behaviour recording within the four hour 

registration period (Martin and Bateson, 1993). Mounting behaviour was defined as a 

mounting pig jumping on the back or front of another pig with one front leg on either side 

of the other pigs’ back, with the recipient animal either standing or lying. Attempted 

mounting was defined as jumping on the back or front of another pig, but unable to 

achieve a stable mounting position (as described above) (definition after Cronin et al., 

2003). 

Separation of two successive mounting events was defined by the front legs of the 

mounting pig touching the ground for more than 2 sec. Registrations of mountings were 

used to estimate the extent of the behaviour at group level, by calculating the number of 

mountings divided by the number of animals in the pen. 

Skin lesions 

Clinical assessments were performed by assessing each individual pig in each of the four 

pens per batch in each of the five herds. The assessments were performed by two 

observers.  

Skin lesions were assessed by direct observation of each animal. The animal was divided 

into 5 body areas (head incl. neck, shoulder incl. forelegs, back, abdomen and rear part 

incl. hind legs), and for both left and right side of the pig the number of lesions in each 

area was counted.  A lesion was defined as being visible at a distance of 1 meter, being 

either surface penetration of the epidermis or actual wounds with penetration of muscle 

tissue, and including cuts, scratches and abrasions, both fresh (red) and old (black). When 

animals were very dirty (skin covered in a dense layer of manure), no counting of lesions 

was registered at the specific body area and the observation was set as missing. This was 

the case for 712 out of 13580 observations at 1st registration round, 1546 out of 13400 

observations at 2nd registration round and 413 out of 6330 observations at 3rd registration 

round (for five body areas assessed on both left and right side).  

Inter-observer reliability for assessment of skin lesions was determined as a high (>0.6) 

agreement (range of 0.87-0.94 for the five body areas) based on weighted kappa 

calculations (Cohen, 1960; Kundel and Polansky, 2003).  
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Lameness and general debility 

Lameness was assessed by direct observation of each animal. All animals were encouraged 

to walk around the pen and lying animals were forced to stand and walk. Degree of 

lameness was scored as; 0: normal gait, 1: impairment of walking, but still using all four 

legs, shortened stride, 2: severely lame, minimum or no weight-bearing on the affected 

limb, 3: not able to walk (Modified after Welfare Quality® 2009). 

General debility was assessed by direct observation of each animal based on both the 

vitality of the animal being 1: unaffected, 2: depressed, apathetic, hesitant to rise up, 3: 

languishing/dying, and the body condition assigned a score 1 for normal body condition, 2 

for thin (with spine and hip bone just visible and able to feel with palm of hand) and 3 for 

very thin (with prominent and clearly visible spine, hip and pin bone). 

Other measurements 

Live weight and age were registered for each individual pig during each of the three 

registration rounds; in the 1st round at insertion into experimental pens and prior to 

slaughter in the 2nd and 3rd rounds, constituting three weight groups; 30, 95 and 115 kg and 

three similar age groups; 90, 150 and 170 days.  

Statistical analysis 

Statistical analyses were performed using the statistical software R (R Core Team, 

2014).The number of mounts recorded per pen (in a four hour period) was modelled by a 

Poisson mixed model with a random component representing the pens and a number of 

fixed effects representing the herd, group size, grouping strategy, season, registration 

round and in some models higher order interactions. Since the number of animals per pen 

was not constant (varying from 3 to 32), the models included an offset defined by the 

logarithm of the number of animals per pen (N) and a logarithmic link was used so the 

models were multiplicative. That is, the model stated that, 

										log ����	
������ = 	�����	
����� + �	
����� +	e�	, 

where �	
���� is a random variable representing the number of mounts for a pen at the hth 

herd, under the grouping size s, subject to the gth grouping system, at the season t, at the 

registration round (corresponding age group) a. �	
���� represents the number of animals 
in the given pen. The fixed effects are represented by the vector of parameters � where 
�	
���� is the associated set of discrete explanatory variables and the Gaussian random 
component is denoted by e�.  
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This model is mathematically equivalent to  

												���	
����/�	
����� = 	exp	(�	
����� +	e�), 

which is a multiplicative mixed model for the number of mounts per animal in each pen 

(i.e. �	
����/�	
����). The fixed effects (and interactions) were tested using likelihood 
ratio tests (LRT) applied to suitably defined nested models. The p-values of the likelihood 

ratio tests (LRT) were obtained using parametric bootstrap with 1,000 bootstrap 

simulations (see Jørgensen et al., 2012). 

The mean number of lesions (mean per pen) was analysed using Gaussian linear mixed 

models, where the response was the logarithmic transformed sum of the total number of 

lesions per animal in the pen and including the logarithm of the number of animals per 

pen as an offset, in such a way that the response was the mean number of lesions per 

animal in the pen. The model included a random component representing the pens and a 

number of fixed effects representing the herd, group size, grouping strategy, season and 

registration round, and in some models higher order interactions. The fixed effects (and 

interactions) were tested using likelihood ratio tests (LRT) applied to suitably defined 

nested models. The p-values of the likelihood ratio tests (LRT) were obtained using 

parametric bootstrap with 1,000 bootstrap simulations. The p-values reported are adjusted 

for multiple comparisons by the method of false discovery rates. Initially a model 

containing the main effects of factors representing the herd, group size, grouping strategy, 

season, registration round and all the possible third order interactions was adjusted and 

compared via LRT to an additive model containing only the main effects. This test yielded 

a p-value of 0.26. Subsequently the removal of each of the fixed effects was tested. 

To analyse for association between skin lesions for each of the five body areas and amount 

of mounting per number of animals in each pen, Spearman correlation coefficients were 

calculated, with the statistical level being the pen.  

Results  

Average weight and age for each of the three registration rounds were as follows: 1st: 

37.5±13 kg and 92±9 days, 2nd: 94±19 kg and 150±8 days, 3rd: 103±18 kg and 169±11 days. 

Levels of mounting behaviour for the different treatments in the 2x2 factorial design can 

be seen in Figure 1. Analysis of mounting showed no main effect of group size or 

regrouping. Moreover, no interaction of grouping strategy and group size was detected (the 

p-value for reduction of a model with all the second order interactions to this model was 

0.504). The analysis, however, revealed the presence of significant interactions between 
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herd and grouping strategy, herd and registration round, as well as a tendency for herd and 

group size, with no consistent pattern between herds (Table 1). In addition, a direct 

significant effect of season was found on level of mounting, with more mountings during 

winter. All significant effects in the model had p-values smaller than 0.001 (adjusted for 

multiple comparisons by the method of the false discovery rate). Table 1 summarizes the 

results obtained. The level of attempted mountings was lower than the level of mountings 

and, in addition, varied greatly between pens.  

 

 
Figure 1. Level of mounting per pig per four hours for grouping strategy (Regrouping, Relocation) x 

group size (Large, Small) for each of three registration rounds. The length of the box represents the 

interquartile range, the horizontal line in the box interior represents the median and the vertical lines 

issuing from the box extend to the minimum and maximum values of the mounting variable on pen 

level. 
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Table 1. Estimated number of mounts per animal in each of five herds for the reference category 
summer period, group size large, regrouping and 1st registration round for significant variables and, in 
addition, ratio between the expected number of mounts in each category of the variables group size, 
grouping strategy and registration round, stratified for each herd. The lower and upper limits of an 
asymptotic confidence interval (with 95% coverage) and p-values of asymptotic Wald tests for equality 
of the respective variables are given. 

  

Estimated number 
of mounts per 

animal  
(reference) 

Ratio of 
expected 
number of  
mounts 
relative to  
respective 
reference 

Lower 
confidence 
level 

Upper 
confidence 
level P-value 

Season (winter) 
 

1.7871 1.389 2.299 <0.0001 
Herd 1 (reference) 0.905 

 
0.566 1.446 0.6766 

Herd1:group size (small) 
 

0.713 0.418 1.217 0.2150 
Herd1:grouping 

(relocation) 
 

0.469 0.275 0.800 0.0055 
Herd1:2nd round 

 
0.813 0.665 0.995 0.0449 

Herd1:3rd round 
 

0.666 0.520 0.854 0.0014 
Herd 2 (reference) 0.266 

 
0.152 0.466 <0.0001 

Herd2:group size (small) 
 

1.093 0.604 1.979 0.7679 
Herd2:grouping 

(relocation) 
 

1.467 0.808 2.662 0.2080 
Herd2:2nd round 

 
0.547 0.400 0.748 0.0002 

Herd2:3rd round 
 

1.057 0.767 1.457 0.7353 
Herd 3 (reference) 0.259 

 
0.156 0.429 <0.0001 

Herd3:group size (small) 
 

0.560 0.305 1.027 0.0611 
Herd3:grouping 

(relocation) 
 

1.831 1.022 3.279 0.0419 
Herd3:2nd round 

 
1.166 0.927 1.467 0.1901 

Herd3:3rd round 
 

1.933 1.470 2.544 <0.0001 
Herd 4 (reference) 0.364 

 
0.223 0.596 0.0001 

Herd4:group size (small) 
 

1.100 0.641 1.887 0.7300 
Herd4:grouping 

(relocation) 
 

0.868 0.506 1.489 0.6069 
Herd4:2nd round 

 
0.788 0.624 0.995 0.0452 

Herd4:3rd round 
 

1.729 1.360 2.199 <0.0001 
Herd 5 (reference) 0.528 

 
0.316 0.882 0.0147 

Herd5:group size (small) 
 

0.763 0.441 1.320 0.3333 
Herd5:grouping 

(relocation) 
 

0.920 0.530 1.597 0.7674 
Herd5:2nd round 

 
1.279 0.999 1.637 0.0511 

Herd5:3rd round   1.218 0.921 1.611 0.1668 
1Numbers below 1 indicate a higher level in the reference category (e.g. summer, group size large, regrouping 

and 1st registration round) and the opposite for numbers above 1. 
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The total number of skin lesions (sum of all body parts) for the different treatments in the 

2x2 factorial design can be seen in Figure 2. Group size significantly affected the mean 

number of lesions (P<0.0001), with more lesions in large groups compared to small 

groups. Neither the effects of an interaction of grouping and group size, nor the main 

effects of grouping strategy and season on the mean number of lesions were found to be 

statistically significant. The mean number of lesions significantly differed between 

registration rounds, with more lesions in the first registration round compared to 2nd and 

3rd round (P<0.0001). No statistically significant difference was found when comparing 

the mean number of lesions in the 2nd and 3rd round (p-value 0.498). Herd significantly 

affected the mean number of lesions (P<0.0001). Results are summarized in Table 2.  

The distribution of animals according to number of lesions on the front area showed a 

different pattern between registration rounds, with more animals with 0 lesions in the 

second and third round compared to the first round and most animals with at least 11 

lesions in the first round compared to subsequent rounds. The majority of animals in the 

second and third round had 1-5 lesions, in contrast to a spread between 1-20 lesions for the 

first round (Fig. 3). Number of skin lesions on the different body areas did not correlate 

with number of mountings performed in the pens.  

 
Figure 2. Total number of skin lesions per pig for grouping strategy (Regrouping, Relocation) x group 

size (Large, Small) for each of three registration rounds. The length of the box represents the 

interquartile range, the horizontal line in the box interior represents the median and the vertical lines 

issuing from the box extend to the minimum and maximum values of the skin lesion variable on pig 

level. In 1st round two points exceeds the scale. 
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Figure 3. Percentage of animals according to number of lesions on the front part of the body (head and 

shoulder) for 1st, 2nd and 3rd registration rounds. Number of lesions are divided into 5 categories; 0, 1-

5, 6-10, 11-20, >20. 

Table 2. Estimated mean number of lesions per animal in each herd for the reference category summer 

period, group size large, grouping relocation and 1st registration round for tested variables and the 

added number of lesions to the particular reference category for each significant variable in the log 

normal model. The lower and upper limits of an asymptotic confidence interval (with 95% coverage) 

and the p-values of asymptotic Wald tests for equality of the respective variables are given. 

  

Estimated mean 
number of lesions 

per animal 
(reference) 

Number of 
lesions added 
relative to the 
mean number in 
the reference 
category1 Lower Upper P-value 

Herd 1 16.993 
 

13.056 22.117 <0.0001 
Herd 2 17.083 

 
13.017 22.418 <0.0001 

Herd 3 16.420 
 

12.465 21.629 <0.0001 
Herd 4 7.929 

 
6.092 10.320 <0.0001 

Herd 5 7.567 
 

5.766 9.931 <0.0001 
Group 
size 
(small) 

 
0.749 0.614 0.914 0.0022 

2nd 
round 

 
0.487 0.397 0.597 <0.0001 

3rd round   0.520 0.423 0.638 <0.0001 
1The difference in number of lesions between two categories of a specific variable 
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The number of animals being lame, having a low body condition or being apathetic was 

very low and no major difference was found between herds or grouping treatments. 

Differences between registration rounds were only seen for body condition score, with 

more animals being thin (score 1) at 1st round compared to 2nd and 3rd round (Table 3). 

From the farmers own registrations only 4 animals were removed due to lameness and 31 

animals were registered with too low a weight to be included in the planned slaughter 

rounds and were therefore excluded from the study.  

Table 3. Percentage of animals for each score of lameness, body condition, apathy and died/removed 

animals for each of three registration rounds (1st, 2nd and 3rd).  

  1st 2nd 3rd 
Lameness 

  0 98,9% 98,5% 98,4% 
1 1,0% 1,2% 1,1% 
2 0,1% 0,3% 0,3% 
3 0,0% 0,0% 0,2% 

Body condition 
  1 96,7% 99,9% 99,1% 

2 3,3% 0,1% 0,9% 
3 0,1% 0,0% 0,0% 

Apathy 
   1 99,5% 99,9% 100,0% 

2 0,5% 0,1% 0,0% 
3 0,0% 0,0% 0,0% 

    Died/removed 2,2% 4,9% 7,4% 
 

Discussion  

 It was hypothesised that number of skin lesions would be high in newly mixed animals 

when formation of a hierarchy was ongoing and would then decrease as the social stability 

of the group was attained. This was confirmed, as the results showed more skin lesions in 

the first registration round compared to 2nd and 3rd round. This was supported by results 

showing a higher percentage of animals with more than 11 lesions on the front part in the 

first round compared to second and third round, where most animals had only 1-5 lesions. 

Formation of new groups (relocation and regrouping), and therefore the establishment of a 

dominance hierarchy, occurred shortly prior to the 1st registration round, resulting in 

increased levels of aggression and, in consequence, increased levels of skin lesions. The 

decreasing number of lesions with increasing age and weight in the present study could 
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also be indicative of a general decrease in activity level with increasing age as found in 

other studies (Cronin et al., 2003). Contradictory to the present results, Prunier et al. 

(2013) found an increasing number of lesions with increasing live weight and with 

increasing levels of male sex hormones (plasma testosterone), and suggested this to be 

caused by a positive influence of male sex hormones on aggressiveness. No difference was 

found when comparing the mean number of lesions of the 2nd and 3rd registration round. 

The 3rd registration round had approximately half the number of animals as compared to 

1st and 2nd registration round, due to approximately half of the  animals in each pen being 

slaughtered after the 2nd round. Previous research dealing with split marketing, removing 

the heaviest pigs in a pen for slaughter, found an increase in aggressive behaviour among 

the remaining pigs (Rydhmer et al., 2006; Fredriksen and Hexeberg, 2009). Boyle and 

Björklund (2007) found an increase in skin lesion scores, whereas Conte et al. (2012) 

found no effect on aggressive behaviour (between feeding events) or on skin lesion level. 

Fàbrega et al. (2013) found the effect of split marketing to be different for mixed versus 

sibling groups, with more animals without lesions in the sibling groups. However, no 

adverse effect of removing animals for slaughter was found in the present study, and 

neither was there a difference between the two grouping strategies. Removing the heaviest 

pigs from a group may decrease the weight asymmetry, resulting in increased aggression 

(Andersen et al., 2000). Furthermore, when removing animals from a group of pigs, the 

remaining animals may need to establish a new dominance hierarchy, which will increase 

the aggression level (Coutellier et al., 2007), although only for a short period of time. On 

the other hand, removing animals from a group decreases the stocking density of the 

remaining animals, possibly decreasing the level of aggression, although with minimal 

effect in an environment with a low stocking density as a starting point, such as found in 

organic systems. In the present study the slaughter strategy did not involve removing the 

heaviest animals, as the animals were randomly selected for slaughter when the pen weight 

average reached a certain level. This will, however, still result in a disturbance of the social 

dynamic of the group.  

It was hypothesised that the amount of mounting behaviour would increase with increased 

weight and age of the animals as maturation occurred. This could partly be confirmed as 

the level of mounting differed between 1st and 2nd/3rd registration rounds, however, with 

this being equivocal for different herds. This difference between herds could be attributed 

a different time course of sexual maturation as discussed later.   

Mean number of lesions did not differ between seasons. Prunier et al. (2013) found fewer 

skin lesions in the spring than in autumn and attributed this to earlier puberty in the 
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autumn. A seasonal effect was found on mounting level, with more mounting during the 

winter periods as compared to summer periods. This is in accordance with Prunier et al. 

(2013), who reported a tendency for more mountings during autumn compared to spring, 

in line with the suggested accelerated pubertal development of the animals during autumn. 

This effect may be caused by differences in photoperiod between seasons, which have been 

found to affect sexual maturation in this species which has evolved as a seasonal breeder 

(Andersson et al., 1998). 

In the present study two different grouping strategies were investigated, regrouping and 

relocation, with the hypothesis that grouping strategy would have a different effect in small 

versus large group size. This was not confirmed, as an interaction of grouping strategy and 

group size did not show a significant effect on the mean number of lesions or on frequency 

of mountings within pens.  

In the present study all pigs were mixed at weaning and, for the group exposed to 

regrouping, a second mixing was performed at insertion to the finishing accommodation. 

It was hypothesized that a second mixing, compared to being only relocated, would 

increase the mounting level, as grouping of unfamiliar pigs is suggested to exacerbate 

sexual maturation of entire male pigs compared to rearing in sibling groups (Fredriksen et 

al., 2006). This could, however, only partly be confirmed, as no consistent effect of 

grouping strategy on mounting level were found, with more mounting in groups of 

relocation compared to regrouping in some herds and the opposite in other herds. In the 

present study, the level of skin lesions was assumed to reflect the aggression level among 

pigs, as described by Turner et al., (2006). It was hypothesized that a second mixing would 

affect the level of skin lesions, but this was not confirmed, as the mean number of lesions 

surprisingly did not differ between the two grouping strategies. Results from previous 

studies have also reported different effects of group management on behaviour and welfare 

of entires. Fàbrega et al. (2013) found no significant effect of previous mixing on behaviour 

(both aggressive and mounting behaviour), but did find a difference in skin lesions 

between groups which were mixed at weaning and at insertion into fattening pens and 

groups being socialised prior to weaning and then reared without mixing from weaning to 

finish, when these were measured in the days just after mixing. Rydhmer et al. (2013) 

found that entire males reared in intact groups and being socialised prior to weaning 

showed less aggression, had fewer skin leisons, but higher levels of mounting (at start and 

end of the study) compared to unfamiliar pigs in groups mixed at insertion into fattening 

pens. Fredriksen et al. (2008) found a difference in aggression level and skin lesion score 

between groups of entires and female pigs reared in mixed groups (mixed one time at 
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approximately 25 kg at weaning) compared to those in farrow-to-finish pens. They found 

no effect on mounting behaviour. 

In the present study the social organisation was disrupted at weaning in both grouping 

strategies, resulting in establishment of a new hierarchy. As described, all pigs in the 

present study were socialised in the period before weaning, which could account for the 

absence of effect of the different grouping strategies on skin lesions. Socialising piglets has 

been found to modify the behavioural responses of piglets to stressful environments in 

later stages of the production (D’Eath, 2005), as for instance occurs during regrouping. 

Weight variation between animals within a group has been found to decrease the 

aggression level post regrouping, probably due to an improved ability to assess the relative 

strength of opponent pigs (Andersen et al., 2000). In the present study there was a large 

variation in body weight within pens that, on some occasions, spanned more than a 20 kg 

difference. This could also have contributed to the absence of an effect of grouping strategy 

on mean number of skin lesions within pens.  

The overall mean level of lesions was higher in large groups compared to small groups, 

independent of grouping strategy. This is in accordance with findings by Spoolder et al., 

(1999), who found more agonistic behaviour in large groups of entire male pigs. Contrary 

results have also been reported, with less aggression in large groups compared to small 

groups (Turner et al., 2001). An increased level of fighting could be assumed with more 

animals in a group, due to more relationships to be established (Spoolder et al., 1999) and 

with increasing number of unfamiliar pigs (Arey and Franklin, 1995). However, with the 

theories presented on a different social organisation in large groups (Turner and Edwards, 

2004) resulting in less aggression and fewer skin lesions, more lesions in a large group is 

not necessarily to be expected. A difference in social organisation might, however, require 

a larger group size than 30 animals, as this number still might enable the pigs to recognize 

each other, and to establish an ordinary dominance hierarchy in both group sizes. A 

confounding factor in the present study is a possible effect of number of feeding places, 

with this being equal between group sizes in four out of five herds, ranging from 2-4 pigs 

per feeder space in small groups and 4-7.5 in large groups. This could have caused more 

aggression in pens with more pigs sharing each feeding place, as was the case with the 

large group sizes. Feed being a limited resource is often the cause of aggressive behaviour 

(Hagelsø Giersing and Studnitz, 1996), although with feed being available ad libitum in the 

present study, and with this number of feeding places not being considered inadequate 

(Spoolder et al., 1999), the effect of feeding places on mean number of skin lesions 

observed is likely to have been minimal.  
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Group size tended to affect mounting levels as an interaction effect with herd, showing a 

contradictory pattern for the different herds.  The lack of unequivocal results on mounting 

could indicate that performance of this behaviour is rather insensitive to the environment 

in which the animals are held and more an effect of the animal's own personality. This is 

supported by studies finding that mounting is a consistent trait of the individual animal 

rather than the appearance of random outbreaks (Clark and D’Eath, 2013; Hintze et al., 

2013). Mounting behaviour has been suggested to cause skin lesions. The number of skin 

lesions on the different body areas did not correlate with number of mountings performed 

in the pens. In agreement with this, Hintze et al. (2013) did not find mounting to be 

associated with the occurrence of scratches. Rydhmer et al. (2006) found no significant 

association between mounting and aggressive behaviour, but found a relationship between 

sexual behaviour and skin lesions, with mounting males having more scratches than pigs 

not involved in mounting. They even suggested that mounting rather than fighting caused 

the scratches observed, as no relationship was found between received aggression and 

frequency of scratches. However, the lack of correlation in the present study suggests that 

lesions cannot reliably be used as a proxy measure for the prevalence of mounting 

behaviour. 

Rydhmer et al. (2006) suggested that frequent mounting increases the risk of leg 

problems. A low level of leg problems was found in the present study, and mounting is not 

believed to have caused these leg problems. The registered mounting events were often 

observed to be performed on pigs lying down, however with no consistent registration of 

this. Slippery floors can increase the risk of being lame and increase the risk of the receiver 

of mounting to not be able to hold a stable position during the event. The organic system 

includes straw bedding, offering a solid foothold in the indoor area where filming was 

carried out.  However, the outdoor run often holds high amounts of excreta causing 

slippery ground.  

A significant difference in mean number of lesions as well as mounting frequency was 

found between herds. This could be ascribed to differences in pen design as regards skin 

lesions. Partitioning walls have, in previous studies, been shown to reduce aggression 

levels (Barnett et al., 1992), as this provides an opportunity to escape an aggressor.  

Partitioning walls were present in herd 4 and 5, where the mean number of lesions were 

also smallest. Stocking density was adjusted to the different group sizes, and differences 

between herds were very small, leaving this as an unlikely cause of differences in skin 

lesions between herds. With mounting behaviour mostly being related to sexual behaviour, 

different rates of sexual maturation between animals in each herd could be postulated to 
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affect the contradictory results between herds. No measurements of sexual maturation 

were performed, but measurements of androstenone in fat samples taken from pigs in each 

herd at slaughter (Thomsen et al., 2014a) did not show an obvious connection to the 

different mounting levels.   

Conclusion 

No interactive effects were found between grouping strategy and group size on either skin 

lesions or mounting frequency in entire male pigs produced under organic standards.  

Whilst no effect of grouping strategy was found on mean number of skin lesions, this 

measure differed between group sizes, with more lesions in large groups. This could 

indicate that keeping entire male pigs in groups of 30 animals as compared to smaller 

groups of 15 may marginally decrease the welfare of these animals.  

Effects of grouping strategy and group size on mounting frequency were shown as 

interacting effects with herds, with no consistent pattern across all herds. Herd differences 

were found for both mounting and skin lesions, suggesting effects of pen design or 

individual animal traits on these behaviours. No association between skin lesions and 

mounting were revealed, showing that skin lesions cannot be reliably used as an indirect 

measure of riding behaviour. Whilst the results do not point to any clear management 

recommendations on grouping strategy when rearing entires, the organic production 

system seems favourable as regards absence of an increase in behavioural problems 

compromising animal welfare as the animals get older.  
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7 General discussion  

A feasible alternative to production of castrated male pigs needs to be implemented in the 

near future, due to welfare issues related to the castration procedure. This is of special 

importance within organic pig production, where animal welfare is highly valued and used 

as a marketing strategy. Production of entire male pigs is believed to comply well with the 

organic production system, as this alternative excludes the castration invention which 

contravenes animal welfare and is impractical to perform. However, with production of 

entires, both boar taint problems and welfare issues have been reported, and initiatives to 

reduce these issues are necessary for this production alternative to be feasible. The overall 

aim of the present thesis was to investigate different management approaches in relation 

to reduction of boar taint and in relation to animal welfare in production of organic entire 

male pigs by investigating:  

− the effect of live weight and age at slaughter on occurrence of boar taint 

− the effect of soiling of pens and pigs on occurrence of boar taint  

− the effect of group size and grouping strategy on specific animal welfare indicators 

recognized as being important for entire male pigs, namely aggression and sexual 

behaviour  

It is the intention in the general discussion to elaborate further on the results presented in 

the three papers in relation to the stated hypotheses.  Moreover to relate the results to 

existing knowledge on problems related to production of entires addressed in the 

introduction and state of the art section.  

7.1 Boar taint 

7.1.1 Effect of weight on boar taint 

It was hypothesised that a decrease in live weight and age would decrease the occurrence 

of boar taint, in particular levels of androstenone in fat at slaughter, in organic entire male 

pigs. It was confirmed that decreasing live weight at slaughter decreased androstenone 

concentration when evaluated for organic entire male pigs. A decrease in skatole with live 

weight was also revealed, but a similar effect of age could not be confirmed.  

Live weight of each animal was registered prior to slaughter, and the intention was to have 

animals of two different weight groups corresponding to a mean weight of 95 and 115 kg, to 

be able to investigate an effect of reduced weight marketing strategy on boar taint. 

However, the target average weight for the two weight groups was not totally achieved, and 
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the data obtained gave instead a large variation in live weight at slaughter to be analysed as 

a continuous variable, which was, however, not assumed to impair the results. Deviation 

from the original study design with the two weight groups was caused by a combination of 

factors, such as the split marketing design with an intended half/half delivery, great 

variations in body weight at insertion into experimental pens, great variations in daily 

growth within pens, contract specifications of the slaughter house with restrictions on live 

weight including postponement of slaughter time and farmers not being aware of the 

growth rate of entires resulting in heavier animals than expected at a given time. The 

average age did differ between the two weight groups but was, as with live weight, analysed 

as a continuous variable in order to be able to analyse for an association between the 

weight and age. Animals selected for slaughter in each of the two weight groups were 

performed by random selection shortly after insertion to experimental pens instead of a 

selection by weight, which is performed in many studies investigating split marketing (e.g. 

Conte et al., 2012). Selecting animals by weight, would favour the fastest growing pigs, 

which might also be the strongest, healthier and possible more mature pigs. This could 

have an impact on boar taint levels that would then be expressed differently in the two 

weight groups intended for analysis. A random selection of animals at insertion into 

experimental pens, which did not include sorting by weight, gave from the beginning a 

large variation in weight among the pigs within pens. This random selection was favoured 

in regards to the statistical analysis, to avoid an inappropriate impact of the selection 

process.  

Androstenone, being a male sex hormone, is related to age and stage of sexual maturity 

(Bonneau 1982; Babol et al. 1996; Zamaratskaia et al., 2009) and with a decrease in live 

weight the general tendency is a reduced age and less mature animals at slaughter, 

believed to explain the effect of weight on androstenone. Andersson et al. (2005) reported 

that weight and age were associated with sexual maturation. Bonneau (1982) and 

Andersson et al. (1999) also reported age to be related to stage of puberty, but with 

contradictory results by Prunier et al. (2013), with live weight per se not being an 

important determinant of pubertal development. The link between live weight and age is 

not straightforward and, in the present study, no effect of age was found on androstenone 

concentration. An effect of age was found by Zamaratskaia et al. (2004), with increasing 

androstenone levels with increasing age over the range of 8 to 24 weeks.  In the present 

study, the average age at slaughter was 163 days, with 10 and 90 % percentiles of 148 and 

177 days, respectively, reflecting a more narrow range of age. The determination of age in 
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present study was based on farrowing periods which were placed across a wide range of 

dates, resulting in missing registrations of age for some batches, adding uncertainty to the 

age variable.  

No association between age and live weight at slaughter was found in the present study. 

This missing association could possibly be explained by the large spread in daily gain 

found among the pigs at pen level, with a low daily gain leading to low weight and a high 

age at slaughter and a high daily gain leading to a high weight and a low age at slaughter.  

A measure of stage of maturation of the animals in the present study would have added 

additional details to the association between live weight and level of androstenone, as well 

as the association between age and live weight, with analysis of the associations between 

stage of maturation on one hand and live weight and age on the other hand. Measures of 

stage of maturation could be weight of genital organs (Andersson et al., 1999), as for 

instance the testes, or by length of the bulburethral glands (Andersson et al., 2005), which 

has been suggested to be a useful indicator of fat androstenone content (Xue et al., 1996a). 

Besides an effect of live weight on androstenone, a similar effect was found on skatole, with 

a decrease in live weight decreasing fat skatole concentration, however expressed in a 

different pattern as compared to the association between live weight and androstenone. 

This is in accordance with results of Zamaratskaia et al. (2005a), who found higher skatole 

levels in high-weight groups of pigs (115 kg) compared to low-weight groups (90 kg). 

Skatole is produced in the gastro-intestinal tract by microbial degradation of the amino 

acid tryptophan (Bonneau 1982; Claus et al., 1994), and is by that not associated with 

weight of the animals, as this is not assumed to affect the composition and activity of 

intestinal bacteria, but is mainly believed to be affected by environmental conditions 

(Jensen 2006; Babol et al., 1996). However, with a correlation between skatole and 

androstenone found in the present study and in several other studies (Babol et al., 1999; 

Walstra et al., 1999; Zamaratskaia et al., 2004; Aluwé et al., 2011; Bekaert et al., 2012), and 

with a possible effect of androstenone on skatole metabolism (Babol et al., 1999), the effect 

of weight on skatole could be caused by the puberty-related increase in androstenone. 

Studies with no effect of live weight on skatole have also been reported (Aluwé et al., 2011; 

Nicolau-Solano et al., 2007 (carcass weight); Chen et al., 2007), however with an effect of 

age in the study by Aluwé et al. (2011). A similar missing effect of live weight on 

androstenone could have explained the results of the mentioned studies, bearing in mind 

the relationship between androstenone and skatole. This was, however, not the case, as the 

studies with no effect of live weight on skatole found an effect on androstenone. The 

different outcomes of different studies as regards an effect of weight on skatole could be 
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explained by differences in genotype or stage of maturation between study animals (Aluwé 

et al., 2011; Babol et al., 2004) as is also believed to cause contradicting results regarding 

androstenone.  

Androstenone levels seemed to be somewhat higher in organically reared entires in the 

present study, when compared to levels from conventional studies. It should, however, be 

emphasised that comparing results on boar taint concentration across different studies 

should be done with caution. Organically reared pigs are believed to have a slower growth 

rate (Hansen et al., 2006a) and a higher age at slaughter (Sørensen et al., 2011) compared 

to conventionally reared pigs. This can result in organic male pigs being more mature at 

slaughter increasing the boar taint concentration. In the present study the daily gain was 

on average 0.86 kg, but ranged from 0.349 to 1.508 kg. Danish studies with conventionally 

reared and ad libitum fed entires reported 0.902 kg/day (Andersen et al., 1993) and 0.724 

kg/day (Udesen, 1988). In a study by Salmon et al. (2007), they found no difference in 

growth rate between entire male pigs reared in straw yard accommodation compared to 

entires reared in unbedded part-slatted pens. This was also the result of the ALCASDE 

project (2009). However, the organic production system differs from the conventional 

system in more aspects than bedding and type of flooring, and access to outdoor areas, 

type of feed and feeding regime could have an influence on growth rate.  

Growth rate was not included in the analyses of boar taint in the present study, as this was 

correlated with live weight and would therefore have caused multicollinearity. As 

mentioned above, daily growth rate varied greatly between the pigs in the present study 

(0.349 to 1.508 kg). A very low growth rate could possibly delay onset of puberty, resulting 

in absence of an effect of age on androstenone.  This corresponds with the finding of a high 

daily growth rate being associated with high levels of androstenone (Øverland et al., 1995).  

In addition to growth rate and age, environmental factors, such as lightning conditions and 

exposure to daylight have been found to affect maturation of pigs (Andersson et al., 1998b; 

Andersson et al., 1999; Prunier et al., 2013). A possible seasonal effect should be taken into 

consideration when dealing with organic entire male pigs, these being reared under 

different light conditions compared to conventionally reared pigs, which might enhance a 

seasonal effect on puberty. The analysis of boar taint measures in the present study 

revealed an effect of season on androstenone and skatole concentrations (for the latter as 

an interaction with age), with higher levels of androstenone during winter and with a 

larger difference in concentration between seasons for heavy weight animals. With season 

affecting sexual maturation in the pig, it is therefore believed to be a significant factor 
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specifically for androstenone levels (Fredriksen et al., 2006). When looking into literature, 

contradictory results are reported regarding the effect of season on boar taint, with 

different seasons resulting in increased or decreased boar taint levels.  Determination of 

season was, in the present study, based on slaughter period, although when considering 

the entire rearing period, this covered more than one season. Which period of time of 

rearing is most affected by a seasonal influence is not clear, but the reported link between 

maturation and season points towards the use of the period around slaughter as a 

determination of season. However, Prunier et al. (2013) suggested that the environment, 

as regards light conditions, before 3 months of age may be very important for the time 

course of the pubertal development, due to the missing effect of season found between 

different housing systems with highly different light exposure in their study.  

Salmon et al. (2008a) reported that entires reared in straw yard housing were not more 

physiologically mature, measured as testes weight, than the pigs in a controlled 

environment and unbedded system. In accordance, no significant difference in fat 

androstenone was shown, although with a higher numeric increase in androstenone in 

entires in straw yard accommodation compared to unbedded conditions.  No difference in 

sexual maturity, measured as testis weight, and boar taint compounds was reported by 

Prunier et al. (2013) comparing a conventional and enriched housing system. An 

important aspect of the organic housing system is that piglets are born outdoors and, with 

the aforementioned suggestion by Prunier et al. (2013) that light conditions, before 3 

months of age, may be important for the time course of the pubertal development, this 

could be speculated to be another cause of a suggested higher androstenone level in 

organically reared pigs. This would, however, require further investigation. 

By including measures of maturation of the pigs, a greater confidence on the effects on 

boar taint would have been attained, adding to the interpretation of the effect of live weight 

on boar taint.  

The results found in the present project suggest that reducing slaughter weight could be a 

future management approach for production of organic entire male pigs with a low 

prevalence of boar taint. However, based on the present results, with a threshold for 

detectable androstenone of 1 µg/g, the live weight at slaughter reaching this threshold was 

around 80 kg during summer and as low as 60 kg during winter. This would have 

considerable impact on market acceptance as well as economy of the farmers, and is not 

easy to implement. However, the threshold levels for critical androstenone concentration 

might be enhanced, as no standardised threshold is accepted and as this should be related 
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to sensory measures as well as human sensitivity to boar taint. Results in the present study 

suggested a higher critical level for androstenone before sensory effects were significant, 

possibly allowing a beneficial increase in critical live weight.   

7.1.2 Effect of faecal soiling on boar taint 

Decreased pen soiling was hypothesised to positively benefit pig soiling. This was 

confirmed, however, with different outcomes for different combinations of pen and pig 

soiling variables and with a general trend that pen soiling had a higher influence on the 

area covered in manure compared to density of the manure layer. Decreased pen and pig 

soiling was hypothesised to decrease the occurrence of boar taint in organic entire male 

pigs, in particular measured by levels of skatole in fat at slaughter. The investigation of the 

association between pen and pig soiling and different boar taint measures within the 

organic pig production system could only partly verify this hypothesis. It should be 

emphasized that a large variation in the different boar taint measures was found for both 

high and low scores of pen and pig soiling, and only a small difference in skatole and 

androstenone concentrations between the high and low soiling categories was found. 

Nevertheless, in brief, the results showed that outdoor pen soiling significantly affected 

skatole concentration as an interaction with herd and season and, in addition, affected 

human nose positive risk as an interaction with herd. Soiling on indoor pen areas did not 

affect skatole levels and no effect on androstenone was found for any pen area. Soiling of 

pigs affected both skatole and androstenone levels, with the size of the head and abdomen 

body areas covered in manure showing significant positive relationships to skatole 

concentration. No effect of density of the manure layer was found on either boar taint 

measure. The human nose test revealed no effect from pig soiling.  

Of the available skatole produced in the gastro-intestinal tract, approximately 13% is 

contained in faeces (Xue et al., 1997) supporting the theory that absorption of skatole 

through the skin and/or lungs can stem faeces. In the studies by Hansen et al. (1994 and 

1995), they showed that keeping pigs dirty on a concrete floor and at a high stocking rate 

for at least a week prior to slaughter increased the skatole concentration in back fat of the 

pigs when compared to keeping the pigs clean on a wholly slatted floor. The theory has 

gained much attention and has been frequently cited, but has to my knowledge only been 

tested to a limited extent.  Aluwé et al. (2011)  found no effect on fat skatole with 

treatments of entire males from a dirty group with extra soiling (rubbed with faeces daily) 

compared to a clean group (washed daily). In that study, boar taint was measured in seven 

different ways, but only detection by a standardized consumer panel revealed an effect of 
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soiling. Bekaert et al. (2012) had soiling scores for 102 pigs based on percentage of 

different body regions being soiled with faeces. They reported that concentration of skatole 

in fat decreased with the amount of soiling only in 18-week-old entire male pigs out of a 

range of 10-24 weeks being tested. Moreover, they reported a positive correlation between 

fat androstenone level and soiling in pigs of 20 and 22 weeks of age, but did not come up 

with a reasonable explanation of this association. Soling was not found to significantly 

affect sensory evaluation of fat from a hot iron method. 

A direct comparison of results of the present study and of the results of the other studies 

regarding effects of soiling on boar taint should be done with caution, as the assessment of 

soiling is done by different methods. Aluwé et al. (2011) only measured pig soiling, but had 

a clear difference between treatments regarding pen soiling due to different hygiene 

management strategies. Also, the study by Hansen et al. (1994 and 1995) had no direct 

measures of either pig or pen soiling. In their study, difference between the treatments, 

dirty vs. clean, was due to a combination of floor type and level of cleaning of the pen area, 

leaving no results on how dirty the pigs actually were. This gives no answer as to whether it 

is pen or pig soiling, or a combination of those, that affects boar taint levels. In the present 

study, both pen and pig soiling was found to affect boar taint levels, however pen soiling 

was also found to affect pig soiling, with indications that the behaviour of the animals 

influences the pig soiling level.  Aluwé et al. (2011) treated both pens and animals and still 

found no significant effect on fat skatole.  

In the present study, the intended design with two different soiling levels (standard vs. 

improved) was not accomplished according to the plan, due to farmers not being able to 

keep up with the workload entailed from this part of the study. Instead of two distinct 

groups of soiling, the resulting design brought in a range of soiling levels, providing 

variation in data, and these variables were prior to analysis categorized into different 

soiling levels. Pig soiling was assessed on five different body areas, but only the head and 

abdomen area were included in the analysis. This was decided based on a suggestion that 

these areas were the most important in relation to the absorption and inhalation of skatole, 

due to areas with thinner skin and greater possibility of inhalation from faeces in the head 

area. Although these areas might not represent the areas being mostly soiled, it is believed 

that changing the hygiene management to a reduced soiling level would affect the soiling 

on all body parts of the animals, and the results obtained from only using selected body 

parts would represent a general effect of soiling. No standardised registration method 

exists for assessment of pen and pig soiling and the scales used in the present study were 

designed specifically to test effects of faecal soiling on skatole concentration, incorporating 
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selected details believed to be of importance or which are connected with uncertainty as 

regards effects on skatole, as e.g. size of the area covered and the density of the manure 

layer. The assessment of soiling of pigs shows the soiling level present  at the exact time of 

registration, however, level of soiling could vary across a time period, as found by Mullan 

et al. (2009), with the prevalence of dirtiness increasing as the day progressed in their 

study. They suggested that time of registration can affect the prevalence of dirtiness of pigs 

on some farms, due to increased cumulative activity by the pigs during the day.  This could 

affect the association between pig soiling level and boar taint levels. Assessment of pen 

soiling in the present study is presumed to be a less fluctuating measure of the soiling level 

of the farms, and including this measure in the analysis increased the reliability of the 

analysis. However, there was a large variation in the different boar taint measures for both 

high and low scores of pen and pig soiling, and only a small difference in skatole and 

androstenone concentrations between the high and low soiling categories, which could be 

explained by a fluctuating soiling scoring, although still being significant.  Conducting the 

study with the intended improved and standard soiling levels, as mentioned previously, 

would have caused a period with a stable level of soiling and perhaps demonstrated more 

convincing results on effects of soiling on boar taint. Even though the intended design with 

two different soiling levels was not accomplished according to the plan, the methods used 

for assessment of soiling are believed to be satisfactory as regards validation of the 

hypothesis that soiling affects skatole concentrations.  

Five herds were included in the present study, in order to have a representative and large 

study population. However, the analysis of boar taint and the different effects on this 

revealed a significant effect of herd, which was also found by Fredriksen et al. (2006) and 

Aldal et al. (2005). As discussed in paper I and II, no obvious cause of this herd effect can 

be clarified. Batches of entires were produced in parallel on the herds, leaving out different 

seasonal differences. Moreover, age and weight were similar, the same breeds were used, 

feed composition was fairly similar and no specific details regarding other management 

routines were found to be different between herds (see supplementary Table S1). The 

lightning conditions were fairly different between herds, due to somewhat different 

housing systems, which could have caused an effect on maturation with further effect on 

androstenone levels, as discussed previously and as also suggested by Aldal et al. (2005).  

Moreover the general health status of the herds could affect puberty onset with effects on 

androstenone concentration, but this could not be determined from the present results by 

measures of body condition and general debility. In a study by van Wagenberg (2013) 
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investigating farm and management characteristics associated with boar taint, they found 

that housing equipment less than five years old were associated with lower farm-level boar 

taint prevalence, due to such buildings being easier to clean. None of the herds 

participating in the present study had housing equipment of such low age, but the age and 

condition of the housing did differ between herds, however without being associated with 

boar taint levels in the present study. Cleanliness on the different herds was reflected by 

the assessment of soiling. The different effect of soiling level on skatole between herds 

could stem from differences in temperatures, due to differences between the housing 

systems between herds (Hansen et al., 1993).  

In general, the results reveal an importance of including additional herds when searching 

for boar taint reducing initiatives, as herd differences as well as differences between results 

of different studies show that management approaches, of undefined nature, give different 

outcomes as regards boar taint, under otherwise stable conditions (e.g. housing system, 

feed composition).  The herd factors affecting boar taint still remain to be discovered.  

Faecal soiling in pig barns will, besides affecting the physical environment, result in smell 

of ammonia, with the concentration of this being affected by rate of ventilation present 

(Hansen et al., 1993). Ammonia concentrations in the excreta were, in Hansen et al. 

(1995), speculated to influence the skatole level in fat because the activity of the P450 

enzyme system in the liver (responsible for degradation of skatole in the liver) may 

decrease. This connection is found in rats (Vesell et al., 1973). Ammonia was not measured 

in the present study, due to practical difficulties with this registration method, but an effect 

of ammonia could be postulated and could explain the effect found of the indoor bedding 

area on human nose positive test, as this had an overall low soiling score.  

Different boar taint detection methods revealed different results of the association between 

soiling and boar taint, which were also found by Aluwé et al. (2011) in their study on 

soiling. An evaluation of various boar taint detection methods performed by Aluwé et al. 

(2012) revealed that results of one detection method could not be generalised, with 

comparison of results from different methods showing weak correlation coefficients. This 

illustrates that results obtained when studying different effects on boar taint occurrence 

can in fact be influenced by the boar taint detection method used. The boar taint detection 

methods used in the present experiment included both chemical analysis of boar taint 

compounds and a sensory evaluation, supposed to represent two different aspects of boar 

taint detection. 
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Reducing the soiling level to reduce, in particular, skatole concentrations, is not considered 

to be a reliable management approach, due to high levels of boar taint concentrations also 

found for low soiling scores. It is, however, believed to be important in the organic system, 

with the increased soiling levels found in this system. The approach could be performed in 

combination with other taint reducing initiatives, as e.g. feed composition, and is then 

considered as a relevant and easy implementable management approach on boar taint.  

7.2 Animal welfare  

7.2.1 Effect of grouping strategy and group size on specific welfare 

measures 

In the present study, two different grouping strategies and two different group sizes were 

investigated in a 2x2 factorial design. It was hypothesised that more skin lesions and a 

higher frequency of mounting would be found among pigs being regrouped compared to 

being relocated, as a regrouping treatment was expected to give rise to increased 

aggressive behaviour (Giersing et al., 2000) and to advanced sexual maturation in mixed 

groups of pigs, as suggested by Fredriksen et al. (2008). This was only partly confirmed, as 

discussed further below. In addition, as the social organisation is suggested to be less 

stable in large groups (Turner et al., 2004), regrouping was hypothesised to have a larger 

negative effect in small groups compared to large. This was not confirmed, as the results 

obtained revealed no interactive effects between grouping strategy and group size on either 

skin lesions or mounting frequency.  

Group size did show an effect on mean number of skin lesions, with more lesions in groups 

of 30 pigs compared to 15, however with the difference in number of lesions being small 

(model estimates around 1 lesion). As regards mounting behaviour, the effect of group size 

was shown as an interaction with herd, showing contradictory results for different herds 

(discussed further below).  

The size of a group at which pigs will change their social structure from establishing a basic 

dominance hierarchy to having a changed social organization is not known, and a 

difference in the social organization between groups of 15 and 30 animals may not be 

evident. It is suggested that pigs can recognize around 20-30 pigs (Fraser et al., 1998 cited 

in Morrison et al., 2003b), which could indicate that a group size of 30 animals will not 

lead to a change in social organization. Use of a larger group size for the large group, could 

possibly have resulted in more convincing results, as this would maybe have resulted in 

two different social structures with a more pronounced effect on number of skin lesions 

and mounting frequency. Turner et al. (2001) suggested that a group size of 80 pigs was 
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associated with a modification in social strategy, and Samarakone et al. (2009) suggested 

that pigs in large groups may shift to a low-aggressive social strategy which were found in 

groups of 108 pigs in their study. The two group sizes used in the present study, were 

chosen based on practicalities with methods of measurements, available systems on 

organic farms and as an reflection of two different herd sizes, as discussed in section 4.2.  

Grouping strategy was not found to have an effect on mean number of skin lesions, and for 

mounting behaviour the effect was found to be interactive with herd, with no consistent 

pattern across all herds. Different aspects of the study design, the method of registration or 

the housing conditions could be assumed to affect the results. For both treatments, pigs 

were able to socialize prior to weaning, they were mixed with different litters at weaning 

and both groups experienced some kind of social interruption. The treatments might not 

have differed enough in regards to social challenges. Previous research has found an effect 

of socializing piglets prior to weaning, showing improved social skills, a higher tolerance 

towards unfamiliar pigs and a lower aggression level when mixed at a later time in life 

(D’Eath, 2005; Li et al., 2011; Rydhmer et al., 2013), as e.g. during a regrouping. During 

formation of a new group, pigs will establish a dominance hierahy and this will temporarily 

increase the aggression level in the group.  With disruption of the social structure, e.g. 

from mixing with others or by removal of animals, the dominance hierarchy may need to 

be reestablished, resulting in increased levels of aggression. This aspect could be 

postulated to have an effect both in pigs being regrouped and pigs being relocated which 

involved a change in the group structure because a subset of the animals was removed.  

An ideal setup could have been a different distinction between grouping strategies with the 

treatment in one group being a mixing with different litters at weaning as the only 

disruption of the group, and the treatment in the other group being a regrouping at 

insertion into experimental pens in addition to a mixing with different litters at weaning, 

as was done in the present setup for the regroup treatment. This was the original design of 

the study, but it was, however, not possible due to system limitations on the participating 

herds.  Thus, the strength of the present setup was that it resembled the management 

routines practised in real life on the herds participating in the study.    

Special housing conditions provided in the organic rearing system could be suggested to 

affect a possible effect of regrouping vs. relocation of animals. Within this system, straw 

bedding is supplied, and Scott et al. (2006) suggested that straw bedding in general 

reduces behaviour directed at pen mates. However, Salmon et al. (2008b) found that 

reduced pig-directed behaviour did not reflect a reduction in aggression and skin lesion 
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scores, for pigs reared with access to a straw rack. In agreement with this, Arey et al. (1995) 

found no reduction in fighting level between newly mixed pigs when reared in straw 

bedded pens compared to pens without straw. Andersen et al. (2000) argued that the 

distribution of resources in the environment may have an influence on the initial fighting 

in newly mixed pigs, however this was found for uniform weight groups. An effect of 

presence of straw on aggressive behaviour in relation to grouping of pigs is therefore not 

obvious.  

Within the organic production system, piglets are weaned at seven weeks of age. Giersing 

et al. (1998) suggested that early litter allegiance to some extent could be related to the 

duration of the suckling period. This could be hypothesized to affect the aggression level in 

both grouping strategies. However, they reported that recognition between littermates was 

disrupted if they were separated for a period in which they were mixed with strangers. 

Mixing of strangers was also conducted in both grouping strategies, further reducing a 

different effect of the different grouping strategies.  

Another aspect possibly influencing the results obtained on aggressive behaviour between 

treatments, is the question of whether skin lesions are a representative measure of the 

aggressive behaviour executed among the animals. This has been discussed in detail in 

section 5.2.1.3, but a few thoughts of this method in relation to the results obtained could 

be given. The measure of aggressive behaviour by registration of skin lesions does only 

measure injurious aggression. However, this type of agression might not differ between 

treatments, but with a difference in non-injurious aggression still being present.  

Previous research on aggression among pigs has shown a typical distribution of lesions 

coming from specific types of aggression; reciprocal and non-reciproccal aggression 

(McGlone, 1985; Luescher et al., 1990; Turner et al., 2006). The results from the present 

study show a distribution of lesions that would be expected to be associated with 

aggressive fighting, with most lesions in the head area, followed by shoulder, back, rear 

and abdomen area ordered by decreasing number of lesions, and the measure of skin 

lesions is assumed to be representative for the aggression level among the animals in the 

different groups. It is however obvious that inclusion of both skin lesion scores and 

aggressive behaviour would have provided more details on the agonistic behaviours among 

entires.  

Slaughtering of the animals in the present study was performed on two occasions, 

resembling a split marketing strategy, however, without a selection of animals based on 
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weight, as discussed previously. The slaughter strategy was not executed as it would have 

been done under normal farm conditions (by choosing animals of highest weight) and no 

control group without the practise of split marketing was included. The slaughter 

procedure was mainly included in the study to obtain different weights in relation to boar 

taint measures, and were not in focus as regards management approaches in relation to 

animal welfare. However, removing animals from a group of high weight pigs, did not 

seem to impair the welfare of the remaining animals, as a comparison of the levels of skin 

lesions between 1st and 2nd occasion did not show a difference for either the treatments 

investigated regarding grouping strategy and group size. A further discussion of this is 

found in paper III. 

As mentioned, the results on mounting showed no consistent effect of treatments across 

herds. In addition, the level varied greatly between pens, irrespective of treatment. This 

indicates that performance of this behaviour is rather insensitive to the environment in 

which the animals are held and could be attributed to an effect of the animal's own 

personality. This is supported by studies finding that mounting is a consistent trait of the 

individual animal rather than the appearance of random outbreaks (Hintze et al., 2013; 

Clark et al., 2013), with consistent performance of mounting across situations and time. 

This corresponds to results showing that mounting is only performed for some individuals 

in a group of pigs (Rydhmer et al., 2006; Hintze et al., 2013). Based on the experiences 

obtained during data collection in the present study, it seemed that general activity in the 

pen sections, from either employees working at the farm or from the observers, increased 

the general activity of the pigs inducing mounting behaviour. This was also reported by 

Hintze et al. (2013), who observed that presence of a person in the pig barn appeared to 

increase the mounting behaviour, suggesting that mounting may have been affected by a 

general arousal mechanism with the impression that mounting was provoked by 

excitement, although this was not formally investigated. Excitement and arousal could also 

have been induced by the grouping strategy, but did not show consistent results. The effect 

of arousal on mounting needs to be investigated in future studies, as also suggested by 

Hintze et al. (2013).  

Mounting is part of the normal behavioural repertoire of pigs (Hemsworth et al., 2007) 

and is associated with sexual behaviour (Cronin et al., 2003; Rydhmer et al., 2006; 

Fredriksen et al., 2008), with the frequency possibly affected by stage of maturation. 

However, Hintze et al. (2013) suggested that mounting was not necessarily related to 

sexual behaviour, as mounting was not associated with levels of sex steroids and was not 
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associated with onset of puberty in their study. As mentioned, no measurements of sexual 

maturation were performed, but measurements of androstenone in fat samples taken from 

pigs in each herd at slaughter did not show an obvious connection to the different 

mounting levels.  Inclusion of measurements of stage of puberty could maybe have 

provided a further explanation of the difference in effect of grouping strategy on mounting 

frequency between herds, if stage of maturation for some reason differed between herds.  

Mounting was observed from video recordings, with registration of both complete 

mounting events and attempted mounting. No consistent results showing more mounting 

in large groups were found, but registration method could have affected the overall 

mounting level. Due to a large group size (groups with 30 animals), the estimate of 

mounting behaviour might be low as specific behavioural elements could have been 

missed. However, use of video recordings gave the opportunity to slow down speed and to 

re-watch periods with high activity. Use of focal pigs could have overcome the influence of 

a large group size, but for registration of mounting this could give a bias as only few 

animals in a group are reported to perform the behaviour. Moreover, the video recordings 

had blind angles and also did not include the outdoor area, which in addition could 

underestimate the mounting frequency registered.  

Attempted mounting were not included in the final analysis of this behaviour, as the data 

on this proved to be difficult to analyse, showing inference results of no biological 

meaning. The decision was therefore taken to exclude these from the study. Attempted 

mounting behaviour could be postulated to also influence animal welfare, as it would still 

induce the same welfare issues as a complete mounting event.  

Frequency of mounting behaviour was intended to be calculated based on number of active 

animals in a pen to reflect if the behaviour were performed by a high number of animals or 

just a few animals. However, this would not include animals receiving mounting, as those 

were often animals lying inactive. Registration of active animals proved to be inaccurate as 

not all animals present in the pen could be registered simultaneously, due to blind angles 

on the video recordings and as the outdoor area was not visible. Frequency of mounting 

was instead calculated based on number of animals in each pen.  

The different aspects discussed on registration of mounting is not believed to influence the 

results of different treatment on mounting, as these aspects were similar in both 

treatments and in all herds. 

As with the other results obtained from the present study, herd differences were found for 

both mounting frequency and number of skin lesions. Differences in pen design, such as 
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partial stalls on the indoor area in some herds (4 and 5) could be assumed to affect the 

number of skin lesions. As regards mounting behaviour no obvious reason for herd 

differences can be determined. It could stem from a postulated effect by a difference in 

stage of maturation, or just be a random effect either caused by mounting behaviour being 

rather insensitive to the environment in which the animals are held or with mounting 

being affected by a general arousal mechanism provoked by excitement that perhaps 

differed between herds. All of which discussed previously.  

In the present study all pigs were reared in single-sex groups. Several studies have been 

conducted comparing aggression and mounting levels between single-sex and mixed sex 

groups (Boyle et al., 2007; Rydhmer et al., 2006; Conte, 2010; Holinger et al., 2014). The 

results reported are inconsistent and no final conclusion on the effect on animal welfare of 

group composition can be made. However, Rydhmer et al. (2013) argued that by using 

single sex groups at least half the animals produced are not influenced by the detrimental 

behaviours of entires and single-sex rearing was also recommended by Vanheukelom et al. 

(2012) when studying entire male pigs.  

Rearing the male pigs in single-sex groups requires a different management on farms, as 

they would need to use extra time on sorting the animals by sex at weaning. To conduct a 

practise of single-sex rearing, more pigs are needed in each farrowing batch to be able to 

derive homogeneous groups sorted by weight, which is the normal procedure practised. 

The result could be more heterogeneous groups of smaller size. Rearing of entires in 

single-sex groups is considered to be practically possible on Danish organic herds, given 

that enough pigs are available in one batch and that the management routines around 

weaning are changed. The practicalities of rearing entires in single-sex groups are not 

considered to be influenced by the grouping strategy applied. Rearing of entires resembles 

the group composition of wild pigs, with female pigs living in groups of different ages, with 

the male pigs leaving the groups around maturation and will the live in small bachelor 

groups and when older living solitary.  

The present study did not have the intention or the study design to investigate if an 

enriched environment as compared to a conventional system will reduce the level of 

aggression and mounting behaviour among entire male pigs, as no pigs reared in a 

conventional system were included in the study. Other studies have investigated the effect 

of an enriched environment on behaviour of entires and have found somewhat 

contradicting results.  

Provision of straw is suggested to reduce behaviour directed at pen mates, possible 
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reducing aggression among pigs (Høøk Presto et al., 2008; Van de Weerd et al., 2009) and 

studies of Olsen et al. (2002) and Høøk Presto et al. (2008) found a lower aggression 

frequency in pigs with access to roughage compared to pigs without access, even if the pigs 

had access to straw. Salmon et al. (2008a) found straw yard housing to increase the 

frequency of mounting behaviour in entires, suggested to be caused by an increase in 

overall activity among pigs, as the boars in straw yard housing were not found to be more 

physiologically mature. An increased number of received mountings in an enriched 

environment compared to a conventional system was reported by Prunier et al. (2013), but 

with no difference in performed mountings, suggested to be caused be a very high 

variability of the performance of mounting.   

As regards aggressive behaviour, Salmon et al. (2008a) found a higher aggression 

frequency in straw yard housing compared to an unbedded part slatted system with entire 

male pigs, but found no difference in skin lesion scores. They suggested the increased 

aggression to be caused by a greater activity among pigs in the straw yard accommodation. 

Somewhat contradictory results were found by Prunier et al. (2013), with number of skin 

lesions being lower in an enriched environment with straw bedding and additional space 

compared to a conventional environment, but with no reduction in aggressive behaviours, 

as reported in Tallet et al. (2013). They suggest that the environment only influenced the 

more severe acts leading to lesions. This could be an effect of a greater possibility to escape 

an aggressor with more space available, lowering the level of injurious aggression (Hagelsø 

Giersing et al., 1996).  

The background for investigating different management approaches within the organic 

production system was, among others, that an enriched system was expected to be 

beneficial as regards welfare of entires. Also, Holinger et al. (2014) suggested that more 

generous housing conditions, as provided by the organic conditions, would allow entire 

males to show their natural behaviour without serious injuries, as they found no 

impairment of the welfare of female pigs when reared together with entires, even though 

they found more fighting and mounting behaviour in entires compared to castrates reared 

under organic conditions. In a study by Thomsen et al. (2012), they found low levels of skin 

lesions, aggression and mounting behaviour in entire male pigs reared within the organic 

production system.  

In the present study, mounting was observed on average 0.5 times per pig in a four hour 

period, adding up to 3 mounting events per pig in a 24 hour period across the rearing 

period. However, the frequency of mounting varied greatly between pens and the number 
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could be underestimated as the outdoor area was not included in the registrations. 

Salomon et al. (2008a) found 0.48 mountings per pig per hour in a controlled 

environment and up to 3.4 in straw yard housing when measured at 75-115 kg live weight 

in groups of eight pigs. Thomsen et al. (2012) found 0.3 mountings per animal per hour 

measured between 40 and 90 kg in organically reared entires in groups of 14 pigs. Hintze 

et al. (2013) found 19.7 mountings in single-sex male groups of 20 animals measured 

across 6 weeks prior to slaughter in a conventional rearing system (corresponding to 1 

mounting per animal in the observation period of two hours).  

In the present study, the average number of skin lesions ranged around 13 lesions in total 

per animal, with this number being lower when registered prior to slaughter. Distribution 

of animals according to number of lesions on the front part of the body, where most lesions 

were located, showed that the majority of the animals had between 1 and 20 lesions in the 

1st registration round, with around 10 % with more than 20 lesions. For 2nd and 3rd 

registration round, the majority of animals had between 1 and 10 lesions (45% with 1-5 

lesions and 30% with 6-10 lesions) and less than 5 % had more than 20 lesions.  

Somewhat similar results was reported by Salmon et al. (2008a) with a whole body score 

of 18.2 lesions for entires in two contrasting housing systems (straw yard and conventional 

with part-slatted floors), however for groups of only eight pigs. Thomsen et al. (2012) 

found on average 11% of the male pigs with more than 5 lesions measured between 40 and 

90 kg in an organic environment. Prunier et al. (2013) found 20-25 lesions in 

conventionally housed entires and 15-22 in an enriched environment measured across 

three months prior to slaughter.  

In the present study a large variation in weight within pens was found. To elaborate further 

on an individual weight effect on aggression, the difference in distribution of lesions on the 

different body parts between different weight groups (low, medium, high) was investigated 

on animals included in paper III. The results are shown in appendix, where a distribution 

of animals according to number of lesions on the front part of the body for the three weight 

categories is also shown.  

The general distribution of lesions on the different body areas was similar between the 

three weight categories (low, medium and high) for each of the three registration rounds. 

However, for the different weight categories the amount of lesions on specific body parts 

differed. High weight pigs had more lesions on the shoulder area, indicating fighting 

lesions, compared to low weight pigs in the 1st registration round, which could indicate that 

small pigs compete less to obtain a status in the dominance hierarchy. However, lesions on 
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the head did not differ between high and low weight pigs. In general, the trend was that 

pigs in all weight categories had more lesions in the 1st registration round, caused by 

establishment of a dominance hierarchy. High weight pigs had fewer lesions in later 

registration rounds, when the dominance hierarchy had been established, compared to low 

weight pigs. This could indicate that dominant pigs were not challenged by lower ranking 

pigs. Another welfare problem related to the already acknowledged aggressive behaviour in 

entires could arise from heavy weight pigs bullying low weight pigs when reared in groups 

of high weight variation (Fredriksen et al., 2008). This is, however, not strongly indicated 

by the present results and it should be mentioned that the overall difference in number of 

lesions between weight categories for the different body areas was relatively small.  

Results obtained from different studies on animal behaviour can be difficult to compare as 

different methods and definitions of behaviour are often used and as study design, housing 

conditions as well as e.g. age of the animals could have an influence. As for skin lesions, 

definition of type and size of lesions to be registered would influence the results. However, 

based on the results from the present study and results on mounting and skin lesions from 

other studies, the organic conditions do seem to accommodate some of the changed 

behaviours reported for entires, leaving no detrimental welfare impact on a production of 

entire male pigs in this system. However, based on results of other studies showing no 

apparent reduction of mounting behaviour in an enriched environment, the rearing 

environment could cause increased levels of mounting among organic entire male pigs, 

eventual caused by an increased activity level in this system. The welfare implications of 

mounting behaviour could however be considered to be different between an enriched and 

conventional housing system, when focusing on an eventual outcome of this behaviour,      

as straw bedding might decrease the risk of getting leg injuries from the mounting 

behaviour.  

An important thing to consider is when a specific behaviour is performed to such an extent 

that it will negatively affect the welfare of the animals. So far, this has for entire male pigs 

been related to levels performed by female and castrated pigs, assuming that this is the 

acceptable level. However, the level at which, e.g. aggressive behaviour will be performed, 

is affected by surrounding elements and the level found in the current production system 

with castrates could not unconditionally be used as the golden standard.  As regards 

mounting behaviour, the effect of this behaviour on animal welfare has not been as widely 

discussed as the effect of aggressive behaviour, as mounting behaviour was first revealed as 

an welfare issue only when research started to focus on production of entires. Besides 
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suggested to cause leg problems and skin lesions, the question is how mounting behaviour 

should be assessed in terms of animal welfare.  Performance of aggressive behaviour will 

have an impact on both the attacker and the receiver of the behaviour, as the reaction of 

the attacker is caused by an inadequate surrounding environment and the receiver is 

affected by the attacker. As regards mounting behaviour, the receiver experiences 

discomfort and eventual pain, whereas the performer could either have feelings of 

frustration by an increased motivation to mount that might not be achieved (Friend, 1989), 

or feel satisfied by performance of mounting.  

As presented in section 2.6.1, different welfare perspectives have been described (Fraser et 

al., 1997) and, besides focusing on naturalness as within the organic system, an approach 

based on feelings of the animals and an approach based on biological functioning has been 

described.  

Based on the results obtained, no high impact on animal welfare from a feelings 

perspective was revealed. The level of injurious aggression, eventually causing pain, was 

not affected by a second mixing of the pigs, and, although more skin lesions were found in 

the large group size, the difference between group sizes was small. In addition, no increase 

in older animals, in which pubertal development could give rise to increased number of 

skin lesions, was detected. However, non-injurious aggression could still give feelings of 

fear and exhaustion, not accounted for in the present study.  No association between 

mounting and skin lesions was revealed and a low number of leg problems were present 

causing minimal feelings of pain among the animals caused by the mounting behaviour. 

Other studies report that only few animals in a group perform mounting behaviour 

(Rydhmer et al., 2006; Hintze et al., 2013), however, mounting is believed to also disturb 

pigs not being involved in the mounting event (Rydhmer et al., 2006).  

The main welfare principle of organic farming is naturalness of animals, with natural living 

and natural behaviour seen as central features.  Aggression and mounting are all elements 

of natural behaviour in pigs. Aggression is used to establish a dominance hierarchy, with 

the intention to regulate aggressive interactions and improve the predictability of social 

relationships, reducing stressful social encounters (Meese et al., 1973). Mounting 

behaviour is an important element in mating behaviour, and will naturally increase when 

the male pigs are left intact.  With this in mind, those behaviours should be allowed to be 

performed based on the organic welfare principles. What has then later been assessed as 

detrimental to animal welfare is increasing levels of these behaviours, caused by the 

production system in which the animals are held. Finding different management 
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approaches to accommodate the increased expression of these behaviours is in line with 

the organic welfare principles, where the principle is to change the system, to adapt this to 

the animals instead of adapting the animals to the system. Based on the present results, 

animal welfare is not strongly impaired, seen from an organic welfare principle.  

A welfare concern based on biological functioning could be affected by increased 

aggression and mounting behaviour, as this has on several occasions been suggested to 

induce a stress reaction or affect growth (Stookey et al., 1994). The average growth rate for 

the animals in the present study did not seem to be affected by increased performance of 

aggression and mounting behaviour, when comparing growth rates between different 

studies (presented previously). In this connection, also animals with poor body condition 

were not pronounced. However, the growth rate varied greatly between animals, and it is 

impossible to say from the present study, if a low growth rate was caused by an increased 

performance of aggression and mounting behaviour for some animals, as found in other 

studies (e.g. Rydhmer et al., 2006). The level of mounting and skin lesions found in the 

present study is not considered to leave a detrimental welfare impact, and with a lack of a 

clear effect of grouping strategy on animal behaviour, an increased stress reaction of the 

pigs in the regrouping treatment was not implied. Leg problems could reflect a reduction 

in biological functioning caused by the production system or elevated mounting levels, but 

animals with leg problems were low in number. An immediate assessment is that the 

welfare of the experimental pigs seems not to be strongly impaired seen from a concern of 

biological functioning.  

The different management approaches investigated in relation to animal welfare did not 

show any clear recommendations to a future rearing environment of entire male pigs. 

However, as the study revealed no detrimental effects of the behaviour in focus, of either 

young or older animals, the organic system could be suggested to be well suited to rear 

entires, with positive consequences for a future production of entires within this system. 

The results could be relevant when deciding on a future alternative to the castration 

procedure, and elements of management and housing in the organic system could 

advantageously be transferred to a large scale production of entires within the 

conventional system.  

7.3 Animal welfare and boar taint  

The focus of the present project was to investigate management approaches that will 

reduce boar taint levels at slaughter and that will ensure an acceptable welfare level, 

measured as levels of mounting and skin lesions, in organically reared entire male pigs. 
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Boar taint and animal welfare reflect two different issues in relation to production of entire 

male pigs, and were addressed by different approaches intended, in combination, to 

contribute to an overall concept for production of organic entire male pigs. However, 

overlap between the approaches resulting in multiple effects of each could be suggested.  

An effect of grouping strategy was investigated primarily in relation to animal welfare. 

However, different group compositions have also been suggested to affect boar taint, in 

particular androstenone. Fredriksen et al. (2006) found a lower level of androstenone in 

groups reared in farrow-to-finish pens compared to a group comprised of pigs coming 

from different litters.  Salmon et al. (2007) found entire male pigs held in groups of mixed 

litters to be more physiologically mature at slaughter compared to stable litter groups. 

Rydhmer et al. (2013) did not find an effect of mixing unfamiliar pigs vs. stable litter 

groups on sexual behaviour prior to slaughter or on levels of boar taint.  

The study design of the present study held pigs in groups of different grouping strategies 

and group sizes and these parameters was included in the analysis of the boar taint 

compounds. This revealed no effect of group size on either skatole or androstenone and no 

effect of grouping strategy on skatole. Grouping strategy showed a surprising effect on 

androstenone as an interaction with age, with decreasing androstenone level with 

increasing age for the animals undergoing a second regrouping, compared to increasing 

androstenone level with increasing age for the animals being relocated once and not mixed 

(discussed in paper I). Different grouping strategies as a management approach should be 

investigated further, and could be beneficial for both animal welfare and boar taint, if 

effects of a certain grouping strategy would positively influence behavioural issues, 

increasing animal welfare simultaneously with a decrease in boar taint levels, by for 

instance affecting sexual maturation of entires.  

A reduction in live weight was hypothesised to reduce boar taint, which was also obtained. 

However, reducing the live weight at slaughter could also be postulated to have an effect on 

animal welfare. Heavy weight pigs are assumed to induce a higher risk of skin lesions, 

simply by their greater strength (Stuckenborg et al., 2011). Moreover, increased aggression 

levels followed by an increase in skin lesions could arise in pigs attaining puberty 

(Fredriksen et al., 2008; Prunier et al., 2013). Number of skin lesions did, however, not 

increase with increasing weight and age in the present study, although the behaviour of the 

younger pigs was affected by a recent disruption of the social organisation. If a reduced live 

weight at slaughter leads to immature animals, a reduced level of mounting behaviour 

could also be expected, as this is related to sexual maturation (Hemsworth et al., 2007). 

Increased mounting in heavier and older pigs was not consistent in the present study, as 
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this was not equivocal across herds. In general the sexual development, being more 

pronounced in entire male pigs, can influence boar taint issues, but could also affect 

animal welfare through an effect on animal behaviour.  

Another management approach investigated was an effect of faecal soiling on boar taint. 

The soiling level measured in the present study resembles a hygiene level. Hygiene 

measures are often part of animal welfare assessment protocols, as e.g. the Welfare 

Quality© protocol, where this is measured in relation to comfort around resting (Welfare 

Quality©, 2009). Increasing the hygiene management as an approach to reduce boar taint, 

will therefore have supplementary effects on animal welfare. 
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8 Conclusion 

The management approaches investigated in the present study did not reveal an overall 

management concept applicable for production of entires within the organic system to 

ensure a low level of boar taint across herds, although, the approach in relation to housing 

showed no overall detrimental animal welfare concern of the pigs. Different useful 

elements could still be derived from the results of the study. 

Reducing live weight at slaughter could be an applicable management strategy for reducing 

boar taint levels within the organic farming system, as decreasing live weight at slaughter 

decreased androstenone concentration and showed a slight decrease in skatole 

concentration. A seasonal effect on this should, however, be taken into account. Age 

showed a different pattern of relationship with androstenone and skatole and further 

elaboration of this would be needed. It should be emphasized that variations in boar taint 

compounds were found, with high levels also for low weight animals.  

Increasing the hygiene management on organic pig herds could be a strategy for reducing 

boar taint of organic entire male pigs, as pen and pig soiling affected boar taint measured 

as skatole and androstenone concentration as well as a human nose sensory evaluation. It 

should be emphasised that increasing the hygiene management cannot ensure a taint free 

pig production, as large variation in the different boar taint measures was found for both 

high and low scores of pen and pig soiling, and only a small difference in skatole and 

androstenone concentrations between the high and low soiling categories was found. In 

addition, no consistent effect of the different soiling measures on boar taint was found 

across different boar taint detection methods. Other boar taint reducing factors are 

recommended to be used in combination with a management approach regarding soiling.  

No clear management recommendations on grouping strategy when rearing entires in the 

organic system could be derived, but the organic production system seems favourable as 

regards absence of an increase in behavioural problems compromising animal welfare, not 

least as the animals get older. Provision of occupational materials such as straw and 

roughage feed, the presence of different functional pen areas and a reduced stocking 

density are believed to be favouring the welfare of entires.  

All management approaches investigated revealed an interactive herd effect, with different 

results for different herds. In addition, boar taint compounds showed great variation both 

between and within herds and herd differences were found for both mounting and skin 

lesion levels. This indicates that a simple management concept, covering the different 

aspects investigated in the present project, cannot be expected to show consistent results 
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when applied on different herds. 

Even with no complete management concept applicable for production of entires within 

the organic system, the results are relevant as regards a future decision on advantageous 

alternatives to production of castrates. It has furthermore contributed to the minimal 

amount of knowledge on effects of already-known boar taint reducing factors within the 

organic farming system that, with different housing and production efficiency, could affect 

boar taint causing factors, but also animal welfare of entire male pigs. However, including 

also effects of the procedures around transport to slaughter is necessary in order to cover 

all aspects of the full production cycle.  
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9 Perspectives 

The EU goal is omission of surgical castration in 2018, based on welfare issues related to 

the castration procedure. This complies well with the organic principles. It seems that 

currently production of entire male pigs is not ready for a large scale production, replacing 

the current production of castrates and gilts. This is believed to be mostly hindered by the 

boar taint problem. Extensive research has been conducted on boar taint issues for the last 

decades, and this has brought additional knowledge on the compounds responsible for 

taint, the synthesis and metabolism of these as well as how to measure taint, both as 

chemicals responsible but also as sensory evaluation. Several research studies have also 

investigated factors affecting boar taint concentrations, with identification of few relatively 

sure initiatives shown to reduce boar taint, as e.g. a feed composition effect on skatole. Still 

it seems that across countries, production systems, breeds, etc. the level of boar taint is 

highly variable and still associated with unsolved issues.  This highlights the need for a 

standardized detection method, with a screening of all male pigs at slaughter.  

Another important aspect that needs to be ensured in a future production of entires is the 

documentation of an acceptable animal welfare level, as this production would otherwise 

not be a reasonable replacement of production of castrates. 

 Fairly easy implementable changes as a means to reduce boar taint are on-farm 

management approaches, changing the management routines on the farms. The present 

study has shown that it is possible to reduce the occurrence of androstenone and skatole by 

reducing the live weight of the animals at slaughter, and to some extent by improving the 

hygiene management. This is important within the organic farming system, with factors 

possible influencing these effects being e.g. more mature animals and a higher risk of being 

soiled. Still factors affecting androstenone and skatole are not fully accounted for, as rather 

large differences were revealed between herds without noticeable reasons, and as high 

levels of androstenone and skatole were still present in pigs of low weight and with low 

levels of faecal soiling of pigs and pens.  

Reducing the live weight at slaughter will have consequences for the entire production 

chain, from economy of farmers, practicalities in the slaughter houses dealing with smaller 

carcasses, to marketing of smaller meat cuts in the import market. Implementing this 

approach, should then ensure low levels of boar taint which, based on the present results 

and existing literature, is not definitively the case. Changing the hygiene management will 

not have any consequences for the production in general, but does mean that farmers need 

to implement new work routines, which is however assumed to be fairly easy.  
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It is suggested that further research is needed on causes on individual animal variation in 

boar taint, trying to reveal the unknown and so far non-clarified effects on boar taint 

compounds that has shown to be present within the organic system, but is assumed to be 

present whatever the production form. These may result from a combination of factors. 

Furthermore, additional investigation on the factors that affect the physical development 

of boars within the organic system would be interesting and useful if reducing maturity 

while still maintaining the current weight at slaughter could result in reduced boar taint 

levels. This requires more research on growth rate of entires and how this influences the 

stage of maturation and by that boar taints levels.  

Changing the rearing environment of pigs can be done with small changes, if these do not 

require changing the production cycle of slaughter pigs and large changes in housing 

conditions, as e.g. pen dimensions. The different initiatives investigated in the present 

study, were easily implementable, as they only required minimal changes in the physical 

surroundings and no change of production cycle. However, rearing the pigs in single-sex 

groups requires changes in the management routines around weaning, and could impose 

challenges in some herds. As regards animal welfare approaches, housing of entires within 

the organic system, in general, seems favourable. However, further research is needed to 

verify if socializing piglets prior to weaning, as is often occurring within the organic 

system, eventually evens out other possible effects of the social environment later in the 

production cycle with consequences on behaviour. This has only been investigated to a 

limited extent. High levels of mounting behaviour are assessed as being detrimental to 

animal welfare, however, mounting is part of the natural behaviour of entires and could 

most likely not be totally eliminated. More research into this behaviour and the actual 

effect on welfare of the animals performing and receiving it needs to be carried out. As an 

extension of this, finding possible distraction elements reducing the level of mounting 

could be a topic for further investigation. The major challenge as regards animal welfare is 

the definition of an overall acceptable level of the detrimental behaviour of entire male pigs 

in order to conclude if production of entires could be a realistic alternative to castrates as 

regards animal welfare issues.  

Management approaches implemented on farms, that could reduce boar taint and at the 

same time be favourable in relation to animal welfare, would be valuable for a future 

production of entire male pigs, and needs more attention in future research.  
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11 Appendix 

Additional results on animals included in paper III. 

 

Mean number of skin lesions for each of five body areas stratified by low, middle and high 

weight category for each of three registration rounds (1st, 2nd and 3rd round). Different 

lower case letters above bars indicate significant differences within body area between 

weight categories.  
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Weight categories were formed based on live weight of individual animals, which were 

categorized into three groups constituting low, middle and high live weight. Division was 

done by dividing live weight in three percentiles, to obtain an equal number of animals in 

each category. The division approximated 25 and 75 percentiles. The intervals were as 

follows: 1st round: low: 13.5-31 kg, medium: 32-41 kg, high: 42-91 kg; 2nd round: low: 21.5-

86 kg, medium: 87-102 kg, high: 103-153 kg; 3rd round: low: 32-98 kg, medium: 99-102 kg, 

high: 113-161 kg.  

Differences in the pattern of lesions for the different weight groups within a pen were 

calculated by fitting a Poisson model including lesion score for each individual body area 

and calculated weight category. The analysis was done separately for each registration 

round, with the statistical level being the individual animal. Subsequent tests for 

differences between weight categories were done by contrast analysis. 

Following figures show the percentage of animals according to number of lesions on front 

part (head and shoulder), stratified for three different weight categories (low, medium, 

high) within pen for 1st, 2nd and 3rd registration round.  
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