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Glossary 

A  Androstenone (5α-androst-16β-en-3-one) 

AS  Androstenone plus skatole 

ASI Androstenone/skatole/indole  

AU Austria 

BE Belgium 

BPEX British Pig Executive  

BT  Boar taint 

CH4 Methane 

CHNS  Commercial human nose score 

CO2 Carbon dioxide 

DE Germany 

DG SANTE  Directorate General for Health and Food Safety 

DK Denmark 

EBV Estimated breeding value 

EC European Community 

ECD Electron capture detection 

EFSA European Food Safety Authority 

EIA Enzyme immunoassay  

EMEA   European Medicines Agency  

ES Spain 

EU European Union 

FCEC Food Chain Evaluation Consortium 

FID  Flame ionization detection 

FLD  Fluorimetric detection 

FR France 

GC  Gas chromatography 

GHG Greenhouse gasses 

HBT High boar taint 
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HNS  Human nose score 

HPLC  High performance liquid chromatography 

IRTA  Institute of Agriculture and Food Research and 

Technology 

IT Italy 

JRC-IRMM  Joint Research Centre, Institute for Reference 

Materials and Measurements 

LBT Low boar taint 

LC  Liquid chromatography 

LHNS  Laboratory human nose score 

MS Mass spectrometer 

N2O Nitrous oxide 

nBT Non-boar taint 

NH3 Ammonia 

NL The Netherlands 

PIC  Pig Improvement Company  

QTL  Quantitative trait loci 

RIA Radio immunoassay  

S  Skatole (3-methylindole) 

SH2 Sulphhydryl acid 

SIM  Selected-ion monitoring 

SPE  Solid phase extraction 

SW Sweden 

TR-FIA  Time-resolved fluoroimmunoassay 

TSD  Thermionic detector 

US United States 

UV  Ultraviolet detection 
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Executive summary 

Reduction of boar taint compounds by breeding, feeding and 

management. 

Maria Hortós
1
, Alejandro Diestre

2
, Enric Esteve

1
, Jose A Garcia-Regueiro

1
, 

Rosil Lizardo
1
, Neal Matthews

2
 and Pieter Knap

2
 

1
: IRTA Institute of Agriculture and Food Research and Technology 

2
: Genus-PIC 

Recommendations 

Skatole content of the fat of entire male slaughter pigs can be reduced by the 

following actions: 

 Keep the pig house clean. Keep the air levels of ammonia, methane and 

CO2 low. 

 At the end of the finishing period, supplement the feed with inulin. This 

can be done in the form of chicory root extract. 

 Use progeny from parent animals with low genetic potential for boar 

taint.  

Material & Methods 

The project animals were produced from PIC-Camborough (a Landrace × 

Large White cross) parent sows and PICboar-408 (a Pietrain line) parent 

boars. The boars had been selected for a low or high Estimated Breeding 

Value (EBV) for skatole content of the subcutaneous fat (high-low 

sampling); they span most of the genetic range of skatole and androstenone 

content in this line. Semen of 32 boars was collected on two AI centers in 

Germany and shipped to Spain where the sows were inseminated on a single 

farm; this occurred in two subsequent batches. The progeny was raised and 

finished on one other farm in Spain. Air samples were collected from the 
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two barns on this farm and analysed for methane (CH4), ammonia (NH3), 

carbon dioxide (CO2) and nitrous oxide (N2O).  

The progeny was fed a standard diet of a conventional composition, with 

protein and energy content changing over time from 18.0 to 15.2 % CP, and 

from 2.35 to 2.40 kcal NE. During the last two weeks before slaughter, half 

of the pigs from each genetic level were fed this same diet with a 9 % 

supplementation of chicory root extract which provided a 7 % 

supplementation of inulin.  

Around 180 days of age (113 kg live weight), 1466 pigs were slaughtered 

and processed in one slaughter house in Spain. Subcutaneous fat was 

sampled from each carcass and shipped to IRTA where they were subjected 

to a Laboratory Human Nose Score (LHNS) protocol involving three 

panelists who are highly sensitive to skatole and androstenone. After some 

loss of pigs with missing identification codes, this produced full LHNS 

records on 555 pigs in Batch 1 and 507 pigs in Batch 2. From the 1062 pigs, 

547 were on the standard diet and 515 on the inulin-supplemented diet. Part 

of these samples (selected based on uniform skatole-type and androstenone-

type characterization by the three panelists) were subsequently chemically 

analysed for the boar taint compounds androstenone (n=304), and skatole 

and indole (n=402). 

The LHNS data and the boar taint compound data were statistically analysed 

with the Mixed procedure of SAS, adjusting for the random effect of the 

parent sow, and estimating the effects of batch and diet each with two 

classes and their interaction, and the effect of the skatole EBV (of the parent 

boar) as a continuous variable nested within that interaction. The LHNS 

data were further related to the boar taint compound data with the GLM 

procedure of SAS.     
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batch 1

standard: Y = 0.047 + 0.000075 X

batch 2

standard: Y = 0.050 + 0.000748 X

inulin: Y = 0.035 + 0.000226 X inulin: Y = 0.039 + 0.000203 X

Air content (mg/m
3
) of methane, carbon dioxide, nitrous 

oxide and ammonia in the finishing farm, per batch. 

 
Batch 1  Batch 2 

 
mean stdev n  mean stdev n 

CH4 12.4 4.16 4  2.53 0.463 6 

CO2 7132 776 4  2170 281 6 

N2O 1.00 0.012 4  1.13 0.052 6 

NH3 56.0 9.90 2  13.9 5.69 6 

 

Results 

Air analysis results are summarised in Table I. The contents of CO2, NH3 

and CH4 were 3.3, 4.0 and 4.9 times higher in Batch 1 than in Batch 2. 

 

 

 

 

 

Inulin supplementation of the diet had no significant effects on growth rate 

or lean content. Progeny of parent boars with lower skatole EBVs grew 

significantly faster (a favourable effect); the EBV effect on lean content was 

non-significant. 

As expected, inulin supplementation had no effect on fat androstenone 

content. The effects on skatole content are summarised in Figure I. 
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In Batch 1, progeny from sires with higher skatole EBVs expressed their 

genetic potential by showing higher fat skatole contents when fed the 

standard diet (the slope estimate of 0.00075 has a standard error of 

0.00045). The inulin diet supplementation reduced this undesirable 

expression of genetic potential by reducing high skatole contents more 

strongly than low ones: the slope is reduced more than threefold to 0.00023 

± 0.00050. At the same time, the general skatole level was also reduced; 

across the EBV range in Batch 1, the mean skatole content was reduced 

from 0.051 ± 0.0055 ppm to 0.034 ± 0.0054 ppm.    

In Batch 2, the inulin diet group performed much the same way as in Batch 

1; but on the standard diet, genetic potential was not expressed. Across the 

EBV range in batch 2, the mean skatole content was reduced from 0.047 ± 

0.0040 ppm to 0.040 ± 0.0042 ppm. 

Much more important than these mean values is the occurrence of very high 

skatole contents; as the individual datapoints in Figure I show, inulin 

supplementation is a successful way to suppress the expression of very high 

skatole genetic potential.   

Progeny of sires with low skatole EBVs performed at the same level in both 

batches, on both diets; the relevant feature is that progeny of sires with high 

skatole EBVs did not express that undesirable potential on the standard diet 

in Batch 2. This can be functionally linked to the air composition 

differences reported in Table I: it seems that high levels of methane, 

ammonia and/or CO2 intensify the undesirable expression of genetic 

potential for skatole content.  
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Discussion & Conclusions 

The skatole and androstenone levels measured in this project were very low 

when compared to populations reported in the scientific literature, 

particularly in terms of the occurrence of extreme values. Housing and 

animal management conditions were intensive and not beneficial for low 

boar taint levels. It follows that different parent sow and parent boar lines 

may lead to very different boar taint levels. In addition, Figure I shows a 

considerable variation among individual parent animals within such parent 

boar lines; the same must hold for parent sow lines.  

From the results of this project it can be concluded that the skatole content 

of the fat of entire male slaughter pigs can be reduced by the following 

actions: 

 Keep the air levels of ammonia, methane and CO2 low. 

 At the end of the finishing period, supplement the feed with inulin.  

 Use progeny from parent animals with low genetic potential for boar 

taint.  

The inulin supplementation protocol must be optimized in terms of dosage 

and duration. 

More research is required into the effects of air levels of methane, ammonia 

and/or CO2 on fat skatole content. 
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1. Setting the scene of the study 

Boar taint is a distinctive and unpleasant taint perceived through a 

combination of sensory odour and taste in pork and pork products during 

cooking and eating (EFSA, 2004). Boar taint or boar odour is mainly caused 

by accumulation in the fat of at least one of the two compounds, 

androstenone (5α-androst-16β-en-3-one) and skatole (3-methylindole). The 

incidence of boar taint is higher in entire male pigs that achieve sexual 

maturity, and has a negative impact on consumer acceptability of pork. This 

study focuses on how to achieve reduction of boar taint compounds by 

breeding, feeding and management techniques as a suitable alternative to 

surgical castration. This approach responds to the societal concerns about 

animal welfare which consider that surgical castration is a painful practice 

causing suffering. Different strategies affecting boar taint development have 

been widely discussed over the last decades. Each alternative has both 

advantages and disadvantages, but at present no one method can guarantee 

the complete elimination of boar taint. Some promising strategies may not 

be implemented in the relatively short term, while some others are only 

effective in decreasing one boar taint compound and less suitable for the 

other. Several research projects have provided knowledge about the factors 

of influence on boar taint development but no one has achieved this with 

statistical significance. This study makes an attempt to assess quantitatively 

the extent of reduction on the levels of boar taint compounds by a 

combination of breeding and feeding strategies. It also aims to propose to 

the pig meat sector in the short term alternative strategies to castration based 

on breeding and feeding approaches for rearing entire males with a 

minimum risk of boar taint and without societal concerns. 
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Purpose and objectives of the study 

According to the terms of reference, the overall objective of the study is to 

provide the administration and the pig sector with the knowledge required to 

reduce boar taint risk through the implementation of breeding and feeding 

strategies. The specific objectives of the study are: 

• to assess feasible feeding strategies to reduce boar taint in the progeny 

of boars, selected with low and high estimated breeding values of boar 

taint and boar taint compounds 

• to cover the gap in knowledge of the genetic and feeding interactions 

on boar taint 

• to review the actual divulged actions and tools used in the EU to 

promote the production of pork using entire males and to assess its 

economic impact 

The aim of this study was to validate genetic and nutritional strategies to 

reduce the risk of boar taint. This will enable the pork industry to adopt 

efficient methods to reduce the incidence of boar taint based on breeding 

and feeding techniques. The effectiveness of the proposed approach was 

evaluated by raising two batches of entire male pigs with a statistically 

representative number of animals. This study will provide to the 

Commission recommendations on best husbandry practices and production 

strategies using genetic and nutritional knowledge, to raise entire males to 

produce pork with a low risk of boar taint. 

In addition, this contract also established collaboration with the Joint 

Research Centre, Institute for Reference Materials and Measurements (JRC-

IRMM), which is developed and validated by collaborative trial an 
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analytical method for the detection of compounds responsible for boar taint 

(Buttinger and Wenzl, 2014). 

1.1. Outline of the work 

This final report presents the methodology and results obtained in this study, 

which was developed from January 2013 until December 2014. The project 

was divided in the following Work Packages:  

• WP1 defines the general coordination and project management. 

• WP2 was designed to review the actions on divulging the benefits of 

raising entire males, including the economic benefits of no castration. 

Task 2.1 collects the disseminated information to enhance the use of 

entire males and to assess the economic impact of pig production using 

entire males. The acquired knowledge in Task 2.2 was used to develop a 

suitable feeding strategy to be implemented in WP3.  

• WP3 was designed to test feeding strategies to reduce boar taint in the 

progeny of selected boars with differentiate boar taint estimated 

breeding values. The steps and methodologies to develop the proposed 

experimental model were detailed in six tasks. The factorial model 

taking account of the effect of genotype and treatment was defined in 

Task 3.1. The required number of pigs to detect differences for 

significance at  = 0.05 and power of test of 1 -  = 0.80 in two batches 

of animals is also established. Task 3.2 collected enough semen from 

selected boars with differential genetic merit for boar taint. Task 3.3 

specifies the sow breeding requests to produce the appropriate number of 

piglets and ensures their traceability. Task 3.4 is focused on the 

collection of the data and fat samples from carcasses. Task 3.5 outlines 

the assessment of boar taint by sensory and chemical analysis. The 

obtained results are evaluated in Task 3.6 

• WP4 sets recommendations on feeding and genetic strategies 
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1.2. Policy and thematic context of the study 

Boar taint or boar odour occurs in entire male pigs that achieve sexual 

mature, and has a negative impact on consumer pork acceptability. 

Physiological factors such as the rate of synthesis and metabolic clearance 

and the overall hormonal status are crucial for the regulation of the levels of 

androstenone and skatole compounds. The scientific community has 

intensively studied the prevalence of boar taint in pig breeds during the last 

three decades, especially in EU funded research projects or through EC 

programmes (Bonneau et al., 2009; SABRE, 2006; ALCASDE, 2009). 

Male piglets are routinely castrated during the first week in most countries, 

without anaesthesia or analgesia, in order to raise them to heavy market 

weight without the risk of boar taint. However, the industry loses the 

economic benefits of producing entire pigs because they grow faster and 

produce leaner carcasses compared with castrated pigs. Furthermore, from 

an animal welfare point of view it is considered unnecessary to inflict the 

pain and suffering on piglets. To respond to the societal concern about 

animal welfare, in the EU the stakeholders have voluntarily committed to 

stop routine surgical castration of pigs by 1 January 2018. 

Hence the reduction or control of boar taint remains a key goal for raising 

entire male pigs. The Directorate General for Health and Food Safety (DG 

SANTE) of the European Commission therefore called for a tender on 27 

August 2012 concerning a study on how to achieve reduction of boar taint 

compounds by breeding, feeding and management techniques. This study 

was conducted by the Institute of Agriculture and Food Research and 

Technology (IRTA) and the Pig Improvement Company (PIC) under the 

title ‘Preventive measures to reduce boar taint: the use of feeding benefits 



Final report. Contract number: SANCO/2012/G3/SI2.640072 

Preventive measures to reduce boar taint…  

 

19 

 

on boar taint reduction in pork from entire males sired from boars 

genetically characterized for high and low boar taint’.  

Major limitations of raising entire males are linked to welfare issues and 

pork quality. With regard to pig behaviour, rearing of boars introduces some 

management challenges, since domestic pigs have inherited extensive social 

and hierarchical traits. Thus, the social relationships and the rearing and 

management conditions should be adapted to avoid increased 

aggressiveness and sexual behaviour. However, the positive effects of 

raising entire male pigs in the context of animal welfare at the farm are 

relatively clear in terms of absence of pain and complications due to surgery 

(FCEC, 2013).  

In addition, carcasses from entire males are not accepted in the majority of 

the markets due to the risk of boar taint. This is particularly true in countries 

where pigs are slaughtered at medium to high weights. Therefore, entire 

male carcasses that weigh more than 80 kg need to be screened for boar 

taint. However, the sensory characterisation of boar taint is very complex.  

There are several factors that are thought to contribute to boar taint, 

including the onset of sexual maturity, genetics, and environment, dietary 

and management factors. Genetic and environmental sources for the 

variation in skatole and androstenone levels have been identified (EFSA, 

2004; Lundström and Zamaratskaia, 2006; Squires, 2006). Skatole is largely 

affected by diet and environment, and management factors. The levels of 

androstenone are to a large extent related to the age and sexual maturity of 

the animal, and management factors have a limited impact on androstenone 

levels. 
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1.3. General approach 

The strategy proposed in this study is based on a combination of raising 

entire male progeny from sires with differentiated estimated breeding values 

(EBVs) for fat skatole content, combined with the intake of a suitably 

supplemented diet over two weeks prior to slaughter. 

With regard to the factors that are thought to contribute towards boar taint, 

the approach had taken into consideration:  

• The entire male pigs were produced under commercial conditions; 

• Feed ingredients were restricted to those currently used in animal 

production to enhance the implementation of the model; 

• The content of the active ingredient in feed was assessed; 

• A commercial supplement of chicory root was used to ensure the level 

of the inulin supplementation; 

• The animals were slaughtered at 113 kg live weight on average. The 

androstenone level is to a large extent related to age and sexual 

maturity; 

• The animals should be individually identifiable at  slaughter so that 

genetic relationships can be taken into account;  

• Environmental emissions provide a measure of the ambient conditions 

established in animal production, since skatole is also affected by the 

environment and management factors;  

• Sensory assessment was performed with the aim to discriminate 

between the different categories of samples and to sort them for 

analytical purposes. The results cannot be simply translated to 
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commercial conditions such as they hold on the slaughterhouse level, 

but in combination with chemical measurements they provide a useful 

tool to elucidate possible predictive and causal relationships; 

• The effectiveness of avoiding the risk of boar taint is based on the 

reduction of the levels of boar taint compounds. The threshold 

acceptance levels for boar taint compounds are still controversial, and 

reported population levels are difficult to directly compare due to 

differences in analytical methods. 

2. State of the art 

2.1. Methodological approach 

The methodological approach considered the factors affecting the boar taint 

risk, its impact in the content of boar taint compounds, and the level 

required to realize its influence whenever needed. 

The management and feeding strategies for rearing entire males were firstly 

reviewed in the following WP 2 activities:  

• In-depth reviews of scientific and technical publications were carried 

out on benefits and drawbacks of feeding and management strategies for 

rearing entire males. Positively and negatively influencing factors 

related to animal and human welfare, geographical specifics of markets, 

production systems, pork quality and economic aspects were discussed. 

The effect of dietary ingredients on skatole levels was emphasized 

(Annex II).  
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• Specific housing and management recommendations for keeping 

entire males are still controversial (Annex I). Producers have already 

delivered first approaches and a draft document with guidelines 

(http://www.thepigsite.com; http://www.boartaint.com/). The cost 

and benefits analysis associated with the current husbandry practices 

was also reviewed. Different approaches are presented based on the 

technical (growth, feed conversion, carcass and meat quality) and 

economic (pork price payments schemes) aspects to enable 

calculation of costs and benefits.  

2.2. Advantages and disadvantages of using entire males for pork 

production 

The use of entire males has clear economic advantages for pig producers, 

processors, and the full pork chain integrated companies because they grow 

faster, convert feed more efficiently, and produce leaner carcasses compared 

with castrates (reviewed by Lundström et al., 2009; Zamaratskaia and 

Squires, 2009). Consequently, manure from entire males contains less 

nitrogen than manure from castrated males. Also, it reduces labour costs and 

avoids death losses and infections due to castration.  

However, carcasses from entire males are not accepted in the majority of the 

markets due to boar taint risk. In some markets such as in Spain and Italy, 

pork joints from entire males are not suitable for dry-cured products 

processing (reviewed by Lundström et al., 2009). The reduction of fatness 

and intramuscular fat produces extreme weight losses during the long 

ageing process, negatively affecting the texture and presentation of these 

products. Also, boars produce lower quality fat because it is softer and 

prone to oxidation, negatively affecting the appearance and texture of fat 

joints. The eating quality of fresh pork, mainly the loins, is negatively 

http://www.thepigsite.com/
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affected as well, due to the very low concentration of intramuscular fat in 

entire males.  

It is well know that castration negatively affects the welfare status of the 

animals and the growing animal welfare concerns in society have led to an 

end to the practice of castration in the EU. However, boars show more 

aggressive behaviour compared to castrated pigs which are easier to 

manage, especially during transport and lairage (ALCASDE, 2009). 

Nevertheless, differences in behaviour of castrated and non-castrated pigs 

can increase the incidence of either extreme meat quality defects, such as 

pale, soft and exudative and dry firm and dark pig meat, or carcass damage 

if specific handling practices are not implemented to reduce the stress of 

entire males. 

2.3. Responsible compounds of boar taint 

Two main compounds which are responsible for boar taint are androstenone 

(5α-androst-16-ene-3β-one) and skatole (3-methylindole). Androstenone is a 

male steroid pheromone while skatole and indole are breakdown products of 

tryptophan metabolism in the large intestine (EFSA, 2004; Andersen, 2006; 

Zamaratskaia and Squires, 2009). Reported consumer acceptance thresholds 

range from 500 to 1000 ng/g fat for androstenone and from 200 to 250 ng/g 

fat for skatole (reviewed by Walstra et al., 1999; Lundström et al., 2009). 

Though suggested cut-off levels were well accepted by scientists, recently it 

has been suggested that the acceptance threshold for skatole should be 

considerably lower (Lunde et al., 2008). However, the consumer 

acceptability of meat from intact males can be quite inconsistent in 

consumer surveys. 
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Androstenone 

Androstenone is a 16-androstene steroid metabolised from cholesterol in the 

Leydig cells of the testis of entire male pigs (reviewed by Bonneau, 2006; 

Zamaratskaia and Squires, 2009). Androstenone is derived from the C21 

steroids pregnenolone and progesterone through the formation of 5,16-

androstadien-3-ol or 4,16-androstadien-3-one, respectively. Its production 

is directly influenced by the activity of the testes and therefore increases 

dramatically as the pig reaches puberty. 

Skatole 

Skatole is produced by microbial activity under anaerobic conditions, 

mainly in the hind gut of the male and female pigs (reviewed by Jensen, 

2006; Andersen, 2006). In boars it is accumulated in fat because it is poorly 

metabolized. Biosynthesis of skatole occurs as a two-step procedure, with 

tryptophan first converted to 3-indoleacetic acid, which is subsequently 

converted to skatole (reviewed by Jensen and Jensen, 1998).  Most of the 

skatole produced is excreted with faeces and the remaining part is absorbed 

through the gut wall into the blood, where it is metabolised by hepatic 

cytochrome P450 enzymes and sulphotransferases. The un-metabolised part 

accumulates in adipose tissue, causing a faecal-like odour. Also, skatole can 

be absorbed through the skin. 

2.4. Methods to measure boar taint and its related compounds 

The presence of boar taint in pork is affected by the differential aptitude of 

individuals to perceive these two compounds. In addition, other compounds 

such as indole (García-Regueiro and Diaz, 1989; Moss et al., 1993), 

androstenols (Brennan et al., 1986) and 4-phenyl-3-buten-2-one (Rius and 

García-Regueiro, 2001) may contribute to a lesser extent to the off-

odour/off-flavour of fat. 
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The industry routinely uses sensory evaluation of boar taint with selected 

panellists sensitive to androstenone and skatole related compounds to 

identify tainted boar carcasses. These types of evaluation are done by 

heating fat samples and scoring the odour according to the human nose boar 

taint scores (HNS) (Jarmoluk et al., 1970). At present, fast identification of 

tainted carcasses in the slaughter line still uses the hot wire test (EFSA, 

2004) although in Germany, a cooking/melting test is used to detect sexual 

odour in carcasses (Bundesanzeiger, 2007). 

Many efforts have been made to establish chemical determination at the 

laboratory to define the level of boar taint compounds. Measurements of 

skatole and androstenone by conventional chemical methods are based on 

colorimetric, chromatographic (more than 30 methods published) and 

immunological detection (about 10 methods published). The colorimetric 

measurement of skatole as ‘skatole equivalents’ was first reported by 

Mortensen and Sørensen (1984), whereas the fat levels of skatole and indole 

are usually performed by chromatographic (HPLC) methods (Garcia 

Regueiro and Rius, 1998). The colorimetric measurement of skatole 

equivalents was further developed into an automated analysis robot for use 

in abattoirs (Andersen, 2006). 

The methods for measuring the concentration of androstenone in salivary 

glands or in pork fat include colorimetric, immunoassays (EIA, RIA, TR-

FIA)3 and various chromatographic methods such as LC coupled to UV, 

                                                 

3
EIA enzyme immunoassay, RIA radio immunoassay, TR-FIA time-resolved 

fluoroimmunoassay  
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FLD or MS4 detectors or GC coupled to FID, TSD, MS and ECD5 detectors. 

A qualitative colorimetric test for the determination of androst-16-ene 

steroids based on the reaction with resorcylaldehyde in an acid medium was 

described by Squires (1990). Most chromatographic methods are used either 

in combination with mass spectrometry or with fluorescence detectors. A 

detailed list of the main methods in the developed studies is reported by 

Ampuero-Kragten et al. (2011). 

To our knowledge, a comparison of boar taint compound measurements 

between laboratories was only reported by Haugen (2010) and Ampuero 

Kragten et al. (2011). Generally, results showed a good correlation between 

methods but noticeable differences were observed between the reported 

levels. Thus the fat levels of boar taint compounds must be read with 

caution. Such differences are not only due to the different approaches in 

detection systems, they may also arise from sampling and clean-up 

protocols, from the recovery correction of the procedure and from the 

different quantification protocols, including the use of external versus 

internal standards. Recently a method was developed and validated by the 

JRC-IRMM, which aims to harmonise the analytical approaches taken for 

the determination of boar taint marker substances in pork tissue (Buttinger 

and Wenzl, 2014). 

 

                                                 

4
 LC liquid chromatography, UV, ultraviolet, FLD fluorescence, MS mass spectrometer 

5
 GC gas chromatography, FID flame ionization, TSD thermionic, MS mass spectrometer, ECD 

electron capture 
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2.5. Alternatives to prevent boar taint in pork from entire males 

During the last decades several alternatives to avoid castration have been 

studied. Androstenone production is directly influenced by the activity of 

the testes and therefore increases dramatically as the pig reaches puberty, so 

its level increases with age/weight (Bonneau, 2006). However, a reduction 

in slaughter weight does not entirely eliminate boar taint, even at very low 

weights such as 75 kg live weight, because the time of puberty can differ 

markedly between breeds and between individuals within the same breed. 

Also, there is a general tendency in the pork processing industries to 

increase slaughter weight to maximize their investment returns. The over 

fatness in heavy pigs is not a problem anymore because pigs are genetically 

leaner than in the past.  

The use of flow cytometry for sorting semen is a technology now available, 

but is too time consuming. Therefore, it is not available today to produce 

semen doses without the Y–sex chromosome. In fact, in 10 hours you can 

only produce 150 million semen doses and commercial semen doses rank 

from 2.2 to 3 billion. 

A potential alternative to surgical castration is the vaccination of male pigs 

based on the administration of an anti-gonadotropin-releasing hormone 

vaccine (Improvac
TM

; Pfizer Inc.), which has been recently approved in the 

European Union (European Medicines Agency (EMEA), 2009). However, 

public attitudes to vaccination against boar taint and its consequences on the 

welfare of pigs are as yet largely unknown (Bonneau et al., 2009; Fredriksen 

et al., 2011). 

 



Final report. Contract number: SANCO/2012/G3/SI2.640072 

Preventive measures to reduce boar taint…  

 

28 

 

 Breeding strategies to reduce boar taint 

Genetics can affect both the production and metabolism of boar taint 

compounds, and differences can be found between and within breeds. Fat 

androstenone levels differ between breeds. They are low in the Hampshire, 

Yorkshire and Landrace breeds and high in the Meishan and Duroc breeds 

(Hortós et al., 2000; Doran et al., 2004). Fat skatole levels also differ 

between breeds (Xue et al., 1996; Pedersen, 1998; Hortós et al., 2000; 

Doran et al., 2004). 

At conventional slaughter weights, fat androstenone levels are highly 

variable between animals and they are not normally distributed (Bonneau, 

2006; Merks et al., 2009). Moreover, the distribution of androstenone is 

more skewed than that of skatole, which means that a higher proportion of 

pigs exhibit high levels of androstenone. In the ALCASDE report, the 

estimated proportion of entire male pigs exhibiting skatole levels higher 

than 200 ng/g fat was low (4%). However, the percentage of entire males at 

risk for androstenone-related boar taint fat (for a threshold limit of 1000 

ng/g) was higher (24%). 

The genetic selection for animals with low boar taint should be possible due 

to the moderate to high heritability of androstenone and skatole levels, 

ranged from 0.23 to 0.75 (Tajet et al., 2006; Engelsma et al., 2007; 

Grindflek et al., 2011; Windig et al., 2012). Thus, candidate genes, 

quantitative trait loci (QTLs) and DNA markers that influence boar taint 

have been reported by Moe et al. (2007, 2009), Robic et al., (2008), 

Schenkel and Squires (2010) and Mahur et al. (2011). 

However, previous attempts to select for pigs with low boar taint have 

resulted in reproductive problems and it remains a difficult task (reviewed in 
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Zamaratskaia and Squires, 2009). The variations in the results suggest that 

boar taint, as many other traits, is the product of small effects in many genes 

and it is most probable that molecular approaches cannot provide the whole 

answer. At present, the challenge is to integrate all available strategies on 

the same animals. 

Conversely, semen from selected boars with low genetic potential to express 

boar taint is now commercially available, although only about 5% of 

commercial pigs are produced this way.  

 Farm level management methods 

Management practices to reduce boar taint are now beginning to be divulged 

through guidelines edited by pig producing companies and/or their 

suppliers. Good practices such as fasting animals for more than 14 hours 

prior to slaughter need to be included because it has been shown to reduce 

fat skatole levels.  

In addition, skatole is found in high concentration in pig manure. Thus, pigs 

reared in a dirty environment can absorb skatole through the skin or lungs, 

increasing the risk of boar taint in boars, castrated pigs or gilts. The use of 

appropriate slatted floors in pig units decreases skatole levels in fat 

compared to closed concrete floors, where pigs are dirtier and lie 

continually in manure. The stocking density of pigs also affects the skatole 

concentration, because if there are more animals the environment is dirtier 

than for low stocking densities. Optimal climate control involves a distinct 

separation of lying and excrement areas in the pen, and reduces the risk of 

boar taint. Moreover, temperature (weather/seasonal variation) also seems to 

have a significant influence, as the skatole level in subcutaneous fat is 

higher at high vs low temperature (>25ºC vs 17ºC). It probably acts as a co-

adjuvant factor in the absorption of skatole through the skin. 
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Table 1. Beneficial management factors on boar taint 

Skatole Androstenone 

• rear boars in a clean 

environment 

• use appropriate slatted floors 

• use optimal climate control 

• reduce stress 

• set compartment separation of sexes 

• increase the space allowance 

• set additional drinking troughs 

• set a lighting programme 

With regard to the androstenone levels, management practices should be 

adapted to reduce stress, as stress accelerates sexual maturity. Group size 

and housing mixed sex groups do not increase the risk of boar taint, 

although compartment separation of sexes reduces the stimulation of sexual 

maturity. A lighting programme simulates long days in the autumn and 

winter, and triggers sexual activity (Andersson et al., 1998; Morrison et al., 

2003; Zamaratskaia, 2004; Bonneau, 2006; Boyle and Bjorklund, 2007). 

However, the re-grouping or formation of new groups of animals should be 

restricted whenever possible, since the resultant fights for dominance 

stimulate sexual maturity. Sick or injured animals should be placed in a 

spare stall or at least be separated to avoid further losses. Additional 

drinking troughs outside the resting section change drinking activities and 

thus help reduce aggression. An extended feeder area also reduces 

aggressiveness (Xue et al, 1997; Valeeva et al., 2009). 

 Feeding strategies to reduce boar taint 

As general guidelines, entire male pigs should be fed ad libitum to achieve 

the best possible daily weight gains and feed conversion ratio. Feeding also 

keeps the animals quiet; sufficient roughage and vitamins provide for less 
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stress and greater calmness in the stall. In addition, supply minerals to be on 

the safe side with water available at all times.  

Nutritional influences on skatole deposition have been reviewed by Wesoly 

and Weiler (2012). They summarise the mechanism of skatole deposition in 

several steps:  

• synthesis in the colon from either tryptophan arising from non-

digestible protein   

• specialised microbes for skatole synthesis, mainly Clostridia and 

Lactobacilli  

• insufficient alternative energy sources for microbial activity so that 

tryptophan is catabolised rather than incorporated into bacterial protein  

• absorption in the colon, favoured by long transit time 

• reduced degradation of skatole in the liver and kidneys, where 

androstenone is playing an inhibitory role 

• deposition in adipose tissue, which requires continuous supply, and the 

possible role of turnover rate of adipose tissue with greater deposition in 

tissues with higher saturated fat content and lower turnover rate such as 

flare and belly fat 

The effectiveness of a feeding intervention to reduce skatole concentrations 

in adipose tissue is high. Changes in dietary composition, particularly 

during the last weeks before slaughter, have a significant effect on skatole 

levels. Some strategies focus on reduction of protein fermentation in the 

digestive tract. Thus the availability of tryptophan in the colon may be 
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increased by proteins with low pre-ceacal digestibility like blood, meat and 

bone meal. 

A reduction of skatole level in adipose tissue can also be achieved by using 

fermentable carbohydrates such as sugar beet pulp, high amylase barley and 

the most successful, the use of chicory inulin and raw potato starch. Chicory 

inulin has to be applied at levels greater than 6%, but reported levels of 

potato starch are around 20%, and have to be applied without pelleting. The 

reported decrease in skatole levels is variable, range from 30 to 70%, which 

should is related to differences in the assayed conditions as breeds, selected 

animals, and also by the technological treatment in feed processing. 

Recently, additional strategies to reduce skatole formation are based on 

dietary supplementation with the antimicrobial activity of selected plant 

extracts and essential oil components from herbs and spices, and tannin-rich 

extracts. Moreover, the effect of chicory inulin and raw potato starch may 

also be mediated by the formation of butyrate. Complex clays have also 

been proposed as absorbents of skatole in the colon, but there is no clear 

evidence of their efficacy in vivo.  

However, even high skatole formation in the colon does not necessarily 

elevate skatole in adipose tissue. To accumulate skatole, the production and 

absorption of skatole should exceed the ability of the liver to degrade 

skatole mainly via phase 1 enzymes. The effect of several dietary 

components in hepatic metabolism has been studied in the last decade. The 

dietary supplementation with garlic extracts may inhibit the enzyme 

activities involved in skatole catabolism, whereas chicory inulin 

supplements stimulate the enzyme activities involved in skatole oxidation 

(phase I). Myristicin has been proposed as the component in linseed 
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responsible for the enhanced metabolism of skatole, which should be 

mediated by the induction of some enzymes. 

Table 2. Main features of the finisher diets 

 
• reduce the supply of proteins, especially those with low pre-ceacal 

digestibility like blood, meat and bone meal 

• increase the supply of alternative sources of energy and purines 

• dietary supply of easily fermentable carbohydrates such as sugar beet 

pulp, high amylase barley and the most successful, chicory inulin and 

raw potato starch 

• dietary supplementation with additives, extracts or ingredients with 

specific antimicrobial activity  

 

Finally, hepatic androstenone metabolism is stimulated by inulin (from 

chicory) with the consequent decrease in androstenone levels. In addition 

the high levels of polyunsaturated fatty acids present in linseed could 

decrease skatole levels by increasing the turnover rate of adipose tissue; 

however, this aspect needs further clarification. 

Therefore, the effectiveness of feed supplementation depends also on the 

quality of crop, ingredients, extracts or supplements used. It would be useful 

to test the characteristics of the active ingredient as well the occurrence of 

antinutritional factors that could affect its bioavailability. The effect of feed 

processing of the active component properties should also be taken into 

account. 
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2.6. Costs and benefits derived from raising entire male pigs 

Based on the Interpig pig production costs database of the British Pig 

Executive (BPEX, 2007), a study of the economic implications of raising 

entire males was conducted by a network of research institutes from the EU, 

the US, Canada and Brazil. The framework of the study covers nine EU 

countries (AU, BE, DK, FR, DE, IT, NL, ES, and SW), representing 75% of 

the pig population of the (then) 27 EU countries (de Roest et al., 2009).  

At the production stage, the advantages of rearing boars over castrates 

derive mainly from their higher growth rate (up to 13%, and they may eat up 

to 9% less feed), better feed conversion rate (up to 14% more efficient), and 

leaner carcasses (by up to 20%). The main disadvantages related to entire 

male production are the risk of boar taint and mounting behaviour. 

Certainly, the main benefits of the raising of entire males are the significant 

improvement of the feed conversion rate and the elimination of the costs of 

castration. Thus, it was estimated that 0.28 kg less feed is needed to produce 

1 kg of pig meat (FCEC, 2013). Major differences in the costs and benefits 

analysis performed arise from the influencing factors on growth 

performance such as breed, feeding system, diet, weight at slaughter, etc. 

The tentative analysis has been performed on different scenarios. Some 

markets did not consider the availability of reducing slaughter weight, 

because it is uncertain whether the market would accept smaller pork retail 

products. 

The profitability of raising entire male pigs will depend on the prevalence of 

tainted carcasses in the slaughter line (de Roest et al., 2009). Semen from 

selected boars with low genetic potential to express BT is now available in 
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some EU Member States. The costs associated with the control of tainted 

carcasses will depend on the methodology applied.  

In addition, the raising of entire male pigs may also affect the pig and 

carcasses flow in the pig chain. The estimated changes of revenues for the 

pig sector derive from: 

• lower meat production per slaughterhouse, because of the expected lower 

weight market whereas the total number of animals will not change. 

• the potential penalization of the price of carcasses, derived from the 

down price of some high added-value retail products such as hams  

• fewer animals delivered to the slaughterhouse, due to the increased space 

allowance  

• more fattening cycles per pig producer, and thus an increase in exports of 

live animals  

The changes in costs to the pig sector have also been foreseen in: 

• lower feed costs for the lower weight at slaughter 

• increased costs for the purchase of weaned piglets, shorter life cycle 

increases the number of pigs to be fattened 

• reduced costs of labour due to the stopping of surgical castration and the 

potential infections 

• reduced costs of manure removal, reduction of feed input also reduces 

the excess of minerals secreted 

• extra transport costs  

• extra costs to control tainted carcasses 
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3. Experimental trial to control or reduce boar taint 

This study has tested a feeding strategy to reduce boar taint in the progeny 

of selected boars with high (HBT) and low (LBT) boar taint estimated 

breeding values. 

Experimental model 

The trial was set up as a factorial design taking into account the effect of 

genotype (low, high EBV for fat skatole content) and diet (standard, 

chicory-supplemented). 

Genetic effect 

AI boars with low or high estimated breeding values (EBVs) for fat skatole 

content were used to produce progeny (the pigs raised in this project) with a 

wide range of genetic potential for skatole content.  

Diet effect 

Two diets (standard and experimental) were used for the last two weeks of 

the growing–finishing period. The standard diet consisted of a fairly high 

level of protein, so that indigestible tryptophan could reach the colon. The 

formulation of the experimental diet included a commercial supplement 

based on chicory root extract (9%). This feeding strategy was designed with 

the aims of (a) to increase the skatole levels in the colon and in the fat tissue 

by the intake of the standard diet and (b) to decrease skatole levels via the 

intake of the experimental diet. More detailed information is in Annex II. 

• The number of boars required to detect differences for significance levels 

at  =0.05 and to avoid false positives (power of test of 1 -  = 0.80) was 
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previously established. The expected boar taint performance in the four 

groups is shown in Table 3. 

Table 3. Experimental design I 

 
Diet 

 Genotype  

  low boar taint  high boar taint  

 Standard  (A)   low  (B)   high  

 Experimental  (C)very low  (D)   medium  

• Based on previous experience it should be possible to achieve a high-low 

contrast (as in Table 3) of the order of magnitude of 86 ng/g skatole. . 

• To evaluate the required sample sizes to get the difference of point 1 

significant and achieve an acceptable power. To reduce boar taint 

incidence, it is assumed: 

According to the reported levels in references, around 30% of reduction 

in the skatole levels should be achieved by diet. 

Regarding the log-transformed values, because of the strongly skewed 

distribution of skatole levels, the significance calculations depend on the 

symmetry of the distribution. 

The corrected experimental model is shown in Table 4. 

Table 4. Experimental design II. Expected skatole levels (in ng/g) and 

their log-transformed values 

 
Diet 

 Genotype  

  low boar taint  high boar taint  

 Standard  (A)    6ng/g   1.792  (B) 91ng/g    4.511  

 Experimental  (C)    4ng/g   1.386  (D)  64ng/g    4.159  
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According to previous experience, the phenotypic standard deviation of 

the log-transformed skatole level is 0.821. So the required contrast that 

we are looking for is (4.511 – 4.159) / 0.821 = 0.43 standard deviations in 

magnitude. 

• The null hypothesis for this comparison is that B = D. The alternative 

hypothesis is that B > D, more specifically B = D + [0.43 standard 

deviations]. So this is a one-sided comparison: we are not contemplating 

any case where B < D. 

To avoid false positives and false negatives in the trial we will take into 

account the equation reported by Steel and Torrie (1980). The number of 

observations for each treatment required for a situation where the 

alternative hypothesis will be falsely accepted (i.e. false positive, type 1 

error) at a probability lower than α %, and where it will be falsely rejected 

(i.e. false negative, type 2 error) at a probability lower than β % is found 

by the equation: 

…where n is the number of observations, σ is the standard deviation of the 

trait, and Zα and Zβ are the critical values of the normal distribution. 

- by setting the degree of risk to 1%, the critical Z score value (Zα) 

using a 99% confidence level (α = 0.01) is 2.326  

- by setting the degree of risk to 5%, (β = 0.05), the critical Z score 

value (Zβ) using a 95% confidence level (β = 0.05) is 1.645 

The required number of animals for each group will be 171. Finally, the 

required number of observations in each cell A, B, C and D will be 684 

pigs in total. For two replications, we would need 1368 pigs.    
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• During the course of the trial, the sire EBVs (which are regularly updated) 

developed into a more widespread range so it became feasible to treat the 

sire EBV effect as a linear continuous variable in the analysis, rather than 

as a two-class (low, high) discrete effect such as in Table 4. The number 

of boars required to detect differences for significance levels at  = 0.05 

and to avoid false positives (power of test of 1 -  = 0.80) was previously 

established. 

 

3.1. Animal breeding 

The trial was conducted over a 24-month period from January 2013 to 

December 2014 in commercial facilities. Entire male pigs were raised in 

two batches, four months from each other. 

Semen supply 

The pigs were produced from semen collected in Germany from boars of a 

PIC Pietrain line, with high or low estimated breeding values (EBVs) for fat 

skatole content (HBT and LBT). The Pietrain breed is the most popular 

terminal sire breed used in the EU. 

The initial individual EBVs for fat skatole content are presented in Table 5. 

The average EBV of the HBT group of boars was 2.170 and 1.848 in the 

first and second batches respectively. For the LBT sires the average EBV 

was 0.467 and 0.226 in the first and second batches, respectively. The EBVs 

derive from the skatole content of fat biopsies from these sires and from 

their relatives (brothers, cousins). 
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Table 5. Estimated breeding values (EBVs) for fat skatole content of the 

selected low (LBT) and high (HBT) boar taint boars 

 
Boars 

 Batch 1  Batch 2  

  Sire 

Tag 

Farm EBV  Sire 

Tag 

Farm EBV  

           
 HBT  223 Fischbeck 4.442  325 Fischbeck 2.555  

   202 Fischbeck 3.037  369 Fischbeck 1.962  

   325 Rehweg 2.440  346 Fischbeck 1.946  

   216 Fischbeck 2.326  194 Fischbeck 1.761  

   195 Fischbeck 2.153  208 Fischbeck 1.747  

   196 Fischbeck 2.113  340 Fischbeck 1.662  

   207 Fischbeck 1.966  203 Fischbeck 1.631  

   222 Fischbeck 1.962  283 Fischbeck 1.523  

   276 Rehweg 1.895      

   369 Rehweg 1.779      

   200 Fischbeck 1.728      

   194 Fischbeck 1.723      

   208 Fischbeck 1.680      

   182 Fischbeck 1.664      

   203 Fischbeck 1.647      

 LBT  404 Rehweg 0.532  560 Fischbeck 0.316  

   428 Fischbeck 0.528  508 Fischbeck 0.300  

   078 Rehweg 0.522  486 Fischbeck 0.262  

   431 Fischbeck 0.520  576 Fischbeck 0.233  

   220 Fischbeck 0.505  574 Fischbeck 0.213  

   289 Rehweg 0.504  349 Fischbeck 0.211  

   436 Fischbeck 0.499  297 Fischbeck 0.200  

   212 Fischbeck 0.489  308 Fischbeck 0.159  

   429 Fischbeck 0.476  302 Fischbeck 0.145  

   064 Rehweg 0.455      

   423 Fischbeck 0.448      

   437 Fischbeck 0.445      

   363 Rehweg 0.422      

   419 Fischbeck 0.401      

   445 Fischbeck 0.266      
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Sow breeding, farrowing and piglet identification 

The pigs were produced in a commercial sow farm (Santa Ana, Soria, 

Spain), from a single dam line (PIC Camborough). 

Table 6. Numbers of litters and entire male piglets born 

Offspring 
 Batch 1  Batch 2  Total  

 Sires Litter Piglets  Sires Litter Piglets  Sires Litter Piglets  

HBT  9 69 404  8 77 484  13 146 888  

LBT  10 77 464  9 84 466  19 161 950  

Total  19 146 868  17 161 950  32 307 1838  

 

A total of 170 sows were bred in one week (29 April to 2 May 2013) to 

produce the first batch of animals. The second batch was produced with 200 

sows bred in two weeks (27 August to 5 September 2013). Single semen 

doses were used and the 2nd and 3rd services, if needed, were carried out 

with the same boar. The sow parity structure was balanced, and sows were 

farrowed using the standard farm procedures. 

In the first batch, 868 piglets (404 HBT and 464 LBT) were born in August 

and 950 piglets (484 HBT and 466 LBT) in the second batch in December 

2013 (Table 6). Within 24 hours of birth and prior to any cross-fostering, all 

piglets were individually tagged with a numbered button ear tag. The LBT 

and HBT groups were tagged with differently coloured (orange/yellow) ear-

tags. A trained research technician determined which piglets were eligible 

for weaning. After the weaning period, 758 and 730 piglets were moved into 

the breeding barns on 31th October and 29th September 2013, respectively, 

to fit the production capacity.  
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Figure 1. Blueprint of the farm facilities 
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3.2. Growing–finishing period 

3.2.1. Buildings and management factors 

Both the first and second batches of animals were raised in the same 

commercial farm (La Portella, Lleida, Spain) integrated with the 

Corporación Alimentaria Guissona S.A. The farm capacity is 820 pigs in 

two parallel rectangular barns (44 m x 8.5 m) with natural ventilation. Two 

independent silos are used to distribute the feed in the two barns. Each barn 

has 26 pens (3.8 x 3 m) placed in two rows (2 x 13 pens) with a central 

aisle. A septic area is placed along the lateral walls and a sanitary isolation 

area at the end of each barn (Figure 1). 

Pigs were housed in group sizes of 16 animals with a floor space allowance 

of approximately 0.71 m
2
 per pig. A similar number of pigs from both 

genetic treatments were allocated in each barn. LBT and HBT pigs were 

distributed alternately in the pens of each barn. Animals were fed ad 

libitum. 

3.2.2. Diets 

Three different diets were supplied over the growing–finishing period 

according to the weight ranges 20–55kg, 55–80kg and greater than 80kg. As 

part of this contract a trial feeding strategy and its scientific and 

technological background was produced (Annex II). 

To enhance the implementation of the model according to the goal of this 

contract it was considered that: 
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• The grain ingredients were restricted to those currently produced in EU 

countries, namely barley, wheat and corn; 

• Soybean was used as the main source of crude protein in all diets, 

although a minimal proportion of beet pulphas been was included in 

piglet diets to avoid problems related to digestibility; 

• Animal fat was excluded from all diets to avoid hormonal 

contamination. 

In addition, two diets (standard and experimental) stored in separate silos 

were supplied to the animals two weeks prior to slaughter. Both the standard 

and the experimental diets contained a fairly high level of indigestible 

protein. The formulation of the experimental diet also included a 

commercial supplement based on chicory root (9%). This feeding strategy 

aimed to increase the skatole levels in the fat tissue by the intake of the 

standard diet and to decrease skatole levels via the intake of the 

experimental diet. 

The use of a commercial product (ORAFTI SIPX, BENEO, Belgium) with a 

certified homogenous quality as a source of inulin was considered more 

convenient than the use of chicory root extracts. Differences due to the crop 

origin might introduce some extent of variability in the trial development, 

and it will be also difficult to translate to animal production conditions. 

The inulin content in the supplied diets was 1% in the standard and 7% in 

the experimental diet. The experimental diet was distributed in different 

barns during the first and second batches of the study. 
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Table 7. Dietary components used during growth period (standard) and 

experimental diet (two weeks prior slaughter) 

Ingredient (%)  
 

Live weight ranges (kg) 
 

Experimental  

20-55 Kg 55-80 Kg > 80 Kg 
 

14 days prior 

slaughter 
 

Barley  
 

28.90 35.61 40.23 
 

29.24  

Corn flour  
 

30.00 30.00 30.00 
 

30.00  

Soybean  
 

23.20 19.40 15.50 
 

17.16  

Wheat  
 

10.00 10.00 10.00 
 

10.00  

Beet pulp  
 

3.00 
    

 

Soybean oil  
 

1.22 1.18 0.64 
 

0.98  

Calcium carbonate  
 

0.89 0.98 0.93 
 

0.89  

Bicalcium phosphate  
 

0.80 0.84 0.67 
 

0.71  

Lysine sulphate  
 

0.67 0.63 0.63 
 

0.61  

Salt  
 

0.61 0.50 0.55 
 

0.56  

Mineral suppl. 1  
 

0.30 
    

 

Mineral suppl. 2  
  

0.45 0.45 
 

0.45  

Threonine  
 

0.14 0.13 0.18 
 

0.18  

Methionine 

hydroxyanalogue 
 

0.13 0.09 0.10 
 

0.10  

Acidifier + Vegetable 

extracts   
0.10 

    
 

Enzymes miscellaneous + 

phitase  
0.02 0.02 0.02 

 
0.02  

Tryptophan  
 

0.01 
    

 

Liquid choline  
 

0.01 
    

 

Bicarbonate  
  

0.17 0.10 
 

0.10  

Inulin based supplement  
    

9.00  

 

Detailed information of the ingredients included in the supplied diets is 

given in Table 7 and the estimated feed composition according to the quality 

control of the ingredients is reported in Table 8. The feed was processed by 

the Corporación Alimentaria Guissona S.A. 
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Table 8. Composition of the test diets 

Nutrients 
 

Live weight ranges (kg)  

 
Experimental 

 
20–55 kg 55–80 kg > 80 kg 

 

14 days prior 

to slaughter 

Dry matter (%) 
 

88.50 88.40 88.30 
 

89.00 

Crude protein (%) 
 

18.00 16.60 15.26 
 

15.20 

Fat (%) 
 

3.27 3.27 2.75 
 

2.92 

Pig net energy (KCal/kg) 
 

2.350 2.410 2.400 
 

2.400 

Total fibre (%) 
 

3.60 3.27 3.30 
 

2.93 

Fibre, neutral-detergent 
 

11.60 11.33 11.76 
 

10.05 

Ash (%) 
 

4.98 4.81 4.49 
 

4.99 

Lysine (%) 
 

1.21 1.10 1.01 
 

1.00 

Methionine (%) 
 

0.39 0.33 0.32 
 

0.32 

Methionine + Cystine 

(%) 
 

0.69 0.62 0.59 
 

0.58 

Threonine (%) 
 

0.78 0.72 0.70 
 

0.70 

Tryptophan (%) 
 

0.22 0.20 0.18 
 

0.18 

Valine (%) 
 

0.83 0.77 0.70 
 

0.69 

Isoleucine (%) 
 

0.72 0.66 0.59 
 

0.59 

Calcium (%) 
 

0.75 0.76 0.69 
 

0.68 

Phosphorus (%) 
 

0.49 0.49 0.46 
 

0.44 

Pig digestible 

phosphorus (%) 
 

0.31 0.31 0.28 
 

0.28 

Electrolyte balance 
 

181.80 183.20 156.70 
 

157.40 

 

3.2.3. Environment behaviour 

Environmental emissions for the first and second batch of animals were 

evaluated on the farm, on 31 January and 6 June 2014. Air samples were 

collected from 10am until 1pm in each barn.  

The level of ammonia and the greenhouse gases – GHG (methane, carbon 

dioxide and nitrous oxide) – were measured in the farm facilities in 

duplicate in three different locations of the central aisle: (a) close to the 
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entrance, (b) in the centre, and (c) at the end of each barn in the second 

batch. The measurements in the first batch were taken in the first two 

locations, although ammonia and sulphhydryl (SH2) emissions were taken in 

the centre of each barn. 

The ammonia concentration was measured by a sensor system. Air samples 

were trapped in a SampleProFlexFilm air sample bag of 3L volume by an 

air sampling pump at a flow of 1 L/min. The collected samples were 

analysed in the laboratory by gas chromatography. Two different analytical 

methods were developed according to the different requirements of GHG 

analyses. The methane (CH4) amount was determined in a Thermo Trace 

2000 system coupled to a flame ionisation detector (FID), whereas 

simultaneous analysis of carbon dioxide (CO2) and nitrous oxide (N2O) in 

air samples was carried out on an Agilent 7890A GC system using an 

electron capture detector (ECD). The GHG compounds were identified and 

quantified by comparison with the retention time of external standards. 

3.2.4. Slaughter 

The pigs were slaughtered at a commercial slaughterhouse (Corporación 

Alimentaria Guissona, Lleida, Spain) following the standard procedures and 

at 113 kg live weight on average. Animals were fasted prior to slaughter. 

Overall, 1466 entire male pigs were slaughtered, 734 from the first batch 

and 732 from the second (Table 9). Both the first and second batch of 

animals was slaughtered in two groups.  

 



Final report. Contract number: SANCO/2012/G3/SI2.640072 

Preventive measures to reduce boar taint…  

 

48 

 

Table 9. Number of slaughtered pigs by fat skatole content group per batch 

  Offspring  Batch 1  Batch  2  Total  

  HBT  365 
 

358 
 

723  

  LBT  369 
 

374 
 

743  

  Total  734  732  1466  

 

At slaughter, each animal’s identification was matched with its individual 

carcass weight and carcass grading measurements (Table 10). Though the 

number of LBT pigs successfully identified (661) was higher than the HBT 

pigs (491), most litters (97.72%) were recorded at slaughter. 

 

Table 10. Number of entire male pigs slaughtered by litters and sires per batch 

Offspring 
 Batch 1  Batch 2  Total 

 Sires Litter Pigs  Sires Litter Pigs  Sires Litter Pigs 

HBT  9 68 248  8 73 243  13 141 491 

LBT  10 76 338  9 83 323  19 159 661 

Total  19 144 586  17 156 566  32 300 1152 

 

 

 

3.3. Boar taint evaluation 

Samples from low weight carcasses and those showing anomaly smell were 

removed from the sensory evaluation. Assessment of the prevalence of boar 

taint by the laboratory human nose score (LHNS) was performed on 1,062 

fat samples by three panellists, 555 and 507 samples from the first and 

second batch respectively. The LHNS records are progeny of 32 AI boars 

that had previously been selected for a high or a low estimated breeding 

value (EBV) for skatole content (high–low sampling); each progeny group 
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contained 15 to 85 animals. The LHNS records also included animals that 

had either been fed during the last two weeks of the growing–finishing 

period with the standard diet (n=547) or the diet supplemented with inulin 

(n=515). 

Sensory assessment was performed in subcutaneous fat samples, including 

the internal and external layers, removed from the carcasses at the neck 

level after slaughter. The factors affecting the odour release, such as the 

vessel type, sample weight, and the temperature and time of conditioning 

was first studied.  

Three androstenone and skatole sensitive people available to discriminate 

fat samples with low levels of androstenone (0.5 µg/g) or skatole (0.1 µg/g) 

assessed the occurrence of boar taint. The LHNS score was estimated in 

samples (2.5g) placed in a 250 ml glass bottle and heated in a water bath at 

80ºC for 30 minutes. The sensitivity and aptitude to identify boar taint 

compounds were assayed with samples with known and divergent 

concentrations of boar taint compounds.  

In testing sessions, a score of 0, 1 or 2 was assigned to those samples 

without, doubtful and perceptible boar taint flavour, respectively. The mean 

score value was defined as the mean of the score values recorded from three 

panellists. With regard to the responsible compound of boar taint, samples 

were considered into the androstenone (A), skatole (S) and androstenone 

plus skatole (AS) categories when at least two panellists had identified their 

occurrence. Two additional categories included those samples with low 

mean BT score (< 1, non-boar taint samples (nBT)), and those with high 

mean boar taint score (BT) where the responsible compound of boar taint 

was not identified. To avoid overlapping effects, both the sire and litter were 

taken into account in testing sessions. 
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3.3.1. Laboratory evaluation 

A selection of interesting samples according to the sensory evaluation were 

further analysed to establish the androstenone, skatole and indole fat levels 

(Table 11). The androstenone and skatole plus indole analyses were 

performed in 304 and 402 samples, respectively. The analysis of skatole and 

indole was performed in 149 and 253 samples for the first and second batch, 

respectively. The androstenone was determined in 99 and 205 samples from 

the first and second batch. 

Table 11. Samples chemically analysed (%) by sensory categories 

Category Skatole and Indole Androstenone 

A 98 95 

AS 55 56 

S 51 27 

BT 34 15 

nBT 69 53 

Skatole and indole content were determined by high performance liquid 

chromatography-fluorometric detection (HPLC-FLD) and androstenone 

content by gas-chromatography coupled to mass-spectrometry detection 

(GC-MS). A brief description of the analytical procedure is given below 

(detailed methodology is described by Garcia Regueiro and Rius (1998) and 

Ampuero Kragten et al. (2011). 

Androstenone was extracted from homogenised fat samples in an-hexane-

dichloromethane (50:50) solution containing 5α-androstan-3-one (2mg/g) as 

the internal standard. Clean-up steps were done by solid phase extraction 

(SPE) on diol and C18 columns. The purified extracts were injected into a 

CG-MS instrument (Agilent, Palo Alto, USA). The separation was 

performed on a capillary column BPX5 (SGE, Australia) using the 
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following temperature programme: 70°C (2 min)-200°C (10°C/min)-280°C 

(5°C/min)-280°C (9 min). Mass spectrometry data was acquired in selected 

ion monitoring (SIM) mode with m/z: 257 and 272 (for quantification) and 

202, 274 (for peak identification). Spiked samples from a blank fat control 

containing 2 mg/g of 5-androstan-3-one as the internal standard and 0.0, 

0.5, 1, 2 and 4 mg/g of 5-androsten-3-one were used to evaluate the 

androstenone content. 

Calibration standards were prepared with a subcutaneous blank fat sample. 

These standards were then extracted and analysed in the same way as the 

samples. 

Extracted skatole and indole in hexane-isopropanol (98:2) was injected into 

an HPLC-FLD instrument (Agilent, Palo Alto, USA). The separation was 

performed in an aminopropyl silica column using a hexane-isopropanol 

(98:2) solution as the mobile phase. The detection was set up at 280nm 

(emission) and 360 nm (excitation). Spiked blank control samples were used 

to evaluate recovery of skatole and indole. 

A sub-group of 65 samples with known divergent concentrations of skatole, 

indole and androstenone was sent to the Joint Research Centre, Institute for 

Reference Materials and Measurements (JRC-IRMM), for further analysis. 

Additionally, the fat content was determined at 90ºC (N=65, 47.41% + 8.85) 

to allow a comparison of the results.  

The average concentration of the selected samples was 0.06 + 0.05 µg/g for 

skatole, 0.05 + 0.06 µg/g indole and 0.51 + 0.61 µg/g for androstenone at 

IRTA. The fat average concentration at the JRC-IRMM was higher, for 

skatole was high 0.08 + 0.07 µg/g, for indole 0.17 + 0.06 µg/g and for 
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androstenone 0.81 + 1.05 µg/g. The differences were first related to the 

different expression units, fat tissue at IRTA and melted fat at the JRC-

IRMM. However, despite the differences in absolute values, the pairwise 

correlations between laboratories were high, 0.976 (p < 0.0001) for 

androstenone, 0.975 (p < 0.0001) for skatole and 0.906 (p < 0.0001) for 

indole. 

3.4. Results 

3.4.1. Animals and carcasses data 

Animals were raised in two batches, four weeks from each other, and each 

batch was slaughtered in two groups at 180 + 6 days old (N=1152). On 

average, the live weight of the slaughtered animals was 114.89 and 108.31 

kg in the first batch, and 114.65 and 114.73 kg in the second one. 

The daily gain from birth to slaughter was not influenced by the supplied 

diet. Average daily gain was 629 g. The first group of slaughtered animals 

showed a similar mean daily/gain value between batches (660 in the first 

and 651 g/day in the second batch) but higher than the second group (598 in 

the first and 607 g/day in the second batch). 

The age, the weight and the percentage of lean meat of carcasses did not 

differ among animals either with differentiate genetic potential for fat 

skatole content or according to the supplied diet (Table 12). Average carcass 

weight (N=1152) and lean percentage (N=1152) was 86.59 + 8.95 kg and 

64.61 + 1.92%, respectively. 
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Table 12. Age of animals (days), carcass weight (kg), carcass growth rate (kg/day) and lean meat content (%) of carcasses by 

sire fat skatole content EBV and supplied diet. Least squares means for the diet effect, and linear regression coefficients for the 

EBV effect. 

   Diet
1
  Skatole EBV  

   Standard  Experimental  
P 

 
slope standard error P 

 

 
 

 mean standard error 
 

mean standard error    

 Batch 1              

 Age  176.6 0.20 
 

177.9 0.21  < 0.001  -0.089 0.25 0.7  

 Carcass weight  85.5 0.50 
 

84.7 0.52  0.15  -2.16 0.61 0.0005  

 Carcass growth rate  0.486 0.0030 
 

0.477 0.0031  0.03  -0.012 0.0037 0.0015  

 Lean content  64.3 0.11 
 

64.6 0.11  0.048  0.130 0.136 0.3  

               
 Batch 2              

 Age  182.1 0.45 
 

182.1 0.46  1  -1.24 0.50 0.013  

 Carcass weight  87.2 0.55 
 

88.7 0.55  0.064  -2.23 0.61 0.0003  

 Carcass growth rate  0.480 0.0032 
 

0.488 0.0033  0.08  -0.0091 0.0036 0.011  

 Lean content  64.8 0.12 
 

64.8 0.12  0.9  0.124 0.135 0.4  

1
Data include entire male pigs fed with standard (575) and experimental (527) diet
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The extra cost of the inulin-supplemented diet was estimated as 0.03 

euro/kg. The cost for raising a pig to a live weight of 113 kg, supplying the 

inulin-supplemented diet during the final two weeks would then be €91.12, 

€1.57 higher than for the standard diet. 

Sires with lower skatole EBVs produce progeny that grow significantly 

faster (Carcass growth rate: estimated slope for Skatole EBV equals -0.012 

in batch 1 and -0.0091 in batch 2). The effect on lean content is non-

significant. The inulin-supplemented diet reduces growth rate in batch 1 and 

increases it in batch 2; its effect on lean content is negligible. 

3.4.2. Environment emissions 

The main odorous volatile organic compounds associated with commercial 

swine production are hydrogen sulphide, ammonia, carbon dioxide (CO2), 

methane (CH4) and nitrous oxide (N2O). 

The environment emissions had shown differences in the conditions set 

between first and second batches. Thus, the emissions of methane, carbon 

dioxide and ammonium were higher in the first batch of animals (Table 13). 

However, sulphhydryl emissions were near negligible (below 0.5 ppm) in 

both the first and second batches. Heat and limitations in the air circulation 

in order to maintain a comfortable living temperature in winter (first batch) 

was considered the main reason for the observed differences.  

In addition, animal metabolism could be affected by the current conditions 

set in batches. Hence the significant occurrence of androstenols was mainly 

observed in those samples from the first batch where androstenone was 

identified as the responsible compound of boar taint. 
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Table 13. Environment emission 

 

 
Emissions 

(mg/m
3
) 

 Location
1
 

 Barn 1 
 

Barn 2 
 

 
 

 Batch1 Batch 2 
 

Batch1 Batch 2 
 

            
SH2  

a  
 

0.0 
  

0.4 
 

 
 

b  
 

0.1 
  

0.0 
 

            

CH4 
 

a  16 3.1 
 

8.5 2.5 
 

 
 

b  16 2.7 
 

9.1 2.5 
 

 
 

c  
 

2.7 
  

1.7 
 

            

CO2 
 

a  7380 2293 
 

7408 2183 
 

 
 

b  7745 2234 
 

5995 2432 
 

 
 

c  
 

2255 
  

1623 
 

            

N2O 
 

a  1.01 1.2 
 

0,99 1.1 
 

 
 

b  1.01 1.2 
 

0,92 1.1 
 

 
 

c  
 

1.1 
  

1.1 
 

            

NH3 
 

a  
 

11.1 
  

22.9 
 

 
 

b  63 13.9 
 

49 18.1 
 

 
 

c  
 

9.0 
  

8.3 
 

  

 

 

 

 
        1

 see material and methods for locations a, b and c 

3.4.3. Boar taint 

The S (52%) and the AS (40%) categories were mainly estimated in the sub-

set of samples, whereas a minor number of samples had shown the 

androstenone (7.8%) odour alone. 

Based on the sensory assessment, a sub-set of samples was chemically 

analysed. The selected samples showed a wide range of skatole (< 0.01 to 

0.37 μg/g), indole (< 0.02 to 0.54 μg/g) and (< 0.1 to 4.6 μg/g) androstenone 

concentrations (Figure 2). Data presented in this study are expressed in µg 

per g of subcutaneous fatty tissue. 
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a) 

 

 

 

 

 

 

 

 

 

 

 

b) 

 

 

 

 

 

 

 

 

 

 

 

c) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Frequency and cumulative distribution of (a) skatole, (b) indole 

and (c) androstenone contents of the analysed samples 
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Concentrations equal or higher than the suggested cut-off points for boar 

taint rejection were observed in 7.71% of samples for skatole (<0.10 μg/g) 

and in 35.20% of samples for androstenone (<0.5 μg/g). From a sensory 

view of point, high levels of androstenone and skatole were mainly 

observed in samples with high mean scores and in those where the skatole, 

androstenone or androstenone plus skatole were identified as the compounds 

responsible for boar taint.  

Concentrations of indole from 0.03 to 0.09 μg/g were observed in 46.02% of 

samples and levels equal or higher than 0.10 μg/g was detected in 32.59% of 

samples. 

In addition to the differences in the skatole and indole levels, 22.64% of 

samples showed higher levels of indole than skatole. The impact of indole 

on the boar taint score is not completely understood. Most data recorded 

from the literature are obtained by a colorimetric methodology where results 

are expressed as skatole equivalents without detailing the indole levels. In 

this study, the LHNS results show that the occurrence of indole in samples 

might affect the sensory assessment. 

In first batch, occurrence of androstenols was observed in the chromatogram 

profile of several samples where androstenone was identified as the 

responsible compounds of boar taint. 
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4. Statistical evaluation 

In this study, the mean average for androstenone (0.49 ± 0.64 µg/g) and 

skatole (0.044 ± 0.042 µg/g) corresponds to the lowest mean levels reported 

for seven European pig breeds and their crosses (Windig et al., 2012). 

However, the mean indole concentration (0.083 ± 0.079 µg/g) corresponds 

to their highest reported mean level. Frequency distributions of skatole and 

androstenone content are given in Figure 5. 

The skatole levels correspond to PIC's routine compound measurements in 

German boars of the sire line behind the project animals; the androstenone 

level is about half that sire line level, the indole level is about twice as high.  

These differences may be partly due to different analytical methodology, but 

in general the androstenone and skatole levels in this project are relatively 

low; the indole level is relatively high. 

4.1. Data design 

The sires had been high–low sampled based on skatole EBVs that were 

calculated in March 2013. Since then, much more data have been added to 

that EBV system, and its statistical process has also been improved. As a 

consequence, the EBVs have changed: some increased and some decreased, 

and they cover a uniformly distributed continuous range now, very 

convenient to support this type of analysis. 

Therefore, further analyses are based on the sire EBVs as linear continuous 

variables, rather than on the initially targeted discrete low–high skatole 

contrast 
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Figure 3. Data design: distribution of sire EBVs (left to right: androstenone, 

skatole, indole; transformed scales) across the standard (left) and inulin 

(right) diets 

Figure 3 shows the distribution of the sire EBVs across the two diets.  

• The mean androstenone EBVs are 71.8 ± 10.9 for the standard diet and 

28.2 ± 11.2 for the inulin diet (on a range from –290 to +800 as shown in 

Figure 3; P=0.026; these are values on a log-transformed scale, not 

interpretable as such). 

• The mean skatole EBVs (± standard errors) are +1.35 ± 0.51 for the 

standard diet and –0.68 ± 0.53 for the inulin diet (on a range from –16 

to +29; P=0.006).  

• The mean indole EBVs are 2.47 ± 0.90 for the standard diet and 0.32 ± 

0.92 for the inulin diet (on a range from –29 to +66; P=0.095).  
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Figure 4. Data design: distribution of sire EBVs (left to right: androstenone, 

skatole, indole; transformed scales) across batches 1 (left) and 2 (right) 

Hence the animals on the inulin diet have, on average, slightly lower 

androstenone, skatole, and indole EBVs; this would overestimate the diet 

effect on each of these compounds if not properly adjusted for in the 

statistical analysis. 

Figure 4 shows the distribution of the sire EBVs across the two batches.  

• The mean androstenone EBVs are 82.7 ± 10.8 for batch 1 and 15.1 ± 

11.3 for batch 2 (P<0.0001). 

• The mean skatole EBVs (± standard errors) are +1.08 ± 0.50 for batch 1 

and –0.43 ± 0.53 for batch 2 (P=0.039).  

• The mean indole EBVs are +4.67 ± 0.88 for batch 1 and –2.17 ± 0.93 

for batch 2 (P<0.0001).  
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Hence the animals in batch 1 have, on average, slightly higher 

androstenone, skatole, and indole EBVs; again, this requires proper 

adjustment in the statistical analysis.  

The diet × batch distribution is well balanced: batch 1 has 293 and 262 

animals on the standard and inulin diet, respectively; batch 2 has 254 and 

253, ditto (1
2
=0.67, P=0.4). 

4.2. Diet effects and genetic effects on androstenone and skatole content 

Figure 5 shows the unadjusted androstenone and skatole contents of the 

project samples, per batch and per diet. The dotted reference lines represent 

the 82 percentiles for batch 1 (this 82 % level is arbitrary and was chosen 

only because it turns out to visually subdivide these datapoints in a helpful 

way, in terms of "high" versus "low" androstenone and skatole values). In 

both batches, the inulin diet group shows fewer cases with a high skatole 

skatole content. The androstenone content does not seem to be affected by 

inulin supplementation, as expected. 

Because of the slight confounding of diet with sire EBV (see Figure 3), we 

do not perform any formal significance testing on these unadjusted data. 

The diet and genetic effects on skatole content are separated out in Figure 6. 

The data plotted here are the skatole content values after adjustment for the 

fixed batch effect and for the random effect of the dam. 
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Figure 5a. Androstenone and skatole content (µg/g) of animals on the 

standard diet and the inulin diet, in batches 1 and 2. The dotted reference 

lines in both graphs represent the batch-1 82 percentiles. 

Figure 5b. Skatole content (µg/g) of animals on the standard diet and the 

inulin diet, in batches 1 and 2. 
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In batch 1, progeny from sires with high skatole EBVs express their genetic 

potential by showing higher fat skatole contents when fed the standard diet 

(the slope estimate of 0.00075 has a standard error of 0.00045: P=0.095). 

The inulin diet supplementation reduces this undesirable expression of 

genetic potential by reducing high skatole content more strongly than low 

ones: the slope is reduced more than threefold to 0.00023 ± 0.00050 µg/g 

(P=0.7). At the same time, the general skatole level is also reduced so that, 

across the EBV range in batch 1, the mean skatole content is reduced from 

0.051 ± 0.0055 µg/g to 0.034 ± 0.0054 µg/g (P=0.017). In other words, 

inulin supplementation reduces the average skatole content of a wide range 

of slaughter pigs by one third, with high skatole content more strongly 

reduced than low ones.  

 

Figure 6. Skatole content (µg/g; adjusted for dam effects) in relation to the 

skatole sire EBVs (transformed scale), for animals on the standard diet and 

on the inulin diet. The trend lines represent the linear regression equations 

through the data per subgroup. 
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Batch 2 shows a very different pattern: the inulin diet group performs much 

the same way as in batch 1, but genetic potential does not seem to be 

expressed here on the standard diet (both slope estimates are non-significant 

with standard errors at 0.0003; P>0.4). Note that progeny of sires with low 

EBVs perform at the same level in both batches, on both diets; the 

unexpected feature is that progeny of sires with high EBVs do not express 

that undesirable potential on the standard diet in batch 2.  

Across the EBV range in batch 2, the mean skatole content is reduced from 

0.047 ± 0.0040 µg/g to 0.040 ± 0.0042 µg/g (P=0.16). 

Figure 7. Skatole content (µg/g; adjusted for dam effects) in relation to the 

skatole sire EBVs (transformed scale), for animals on the standard diet and 

on the inulin diet. The trend lines represent the linear regression equations 

through the data per diet. 

Pooling the data from the two batches together leads to Figure 7. Overall, 

progeny from sires with high skatole EBVs tend to express their genetic 

potential by showing higher fat skatole contents when fed the standard diet 
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(the slope estimate of 0.00038 has a standard error of 0.00027: P=0.16). The 

inulin diet supplementation reduces this undesirable expression of genetic 

potential by reducing high skatole contents more strongly than it reduces 

low ones: the slope is almost halved to 0.00020 ± 0.00024 (P=0.4). At the 

same time, the general skatole level is also lowered so that, across the 

skatole EBV range in the project, the mean skatole content is reduced from 

0.050 ± 0.0034 µg/g to 0.036 ± 0.0034 µg/g (P=0.004). 

Much more important than these mean values is the occurrence of very high 

skatole contents; as Figures 6 and 7 show, inulin supplementation is a 

successful method to suppress the expression of very high (and undesirable) 

genetic potential for fat skatole content. 

4.3. Laboratory Human Nose Scores 

The LHNS was scored as 0 (no perceptible boar taint) in 5.7 % of the 

samples (3 panellists), scored as 1 (uncertain) in 21.8 %, and scored as 2 

(perceptible boar taint) in 72.4% of the samples. 

Figure 8 shows the skatole (n=402) and androstenone (n=304) contents in 

relation to the LHNS, separately by panellist. Differences in LHNS between 

the panellists are strongly significant (P<0.0001) but not very large (mean 

scores at 1.50, 1.67 and 1.83, all ± 0.017); when fitted as a random effect, 

the panellist effect explains only 3.0% of the overall variance of the LHNS.  
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Figure 8. Androstenone (left) and skatole (right) content in relation to the 

LHNS, per panellist. Each panellist’s scores are shown in a single column 

within each LHNS class. 

 

Figure 9. LHNS in relation to sire EBVs for androstenone (left) and skatole 

(right) content, for animals on the standard (black) and inulin diet (white). 

Trend lines are linear regressions through the data within diet. 
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Figure 9 is similar to Figure 6: it shows the LHNS of the project samples in 

relation to the animal's sire EBVs for androstenone and skatole (32 sires 

with their EBVs on the horizontal axes), and in relation to the diet. 

Surprisingly, the two trait EBVs show non-significant negative effects on 

the LHNS (androstenone EBV: P=0.61 for the standard diet, P=0.18 for the 

inulin diet; skatole EBV: P=0.25 for the standard diet, P=0.73 for the 

inulin). 

Note that these people with marked sensitivity for boar taint compounds 

were selected for the sensory assessment, with the aim to discriminate 

between the different categories of samples. This laboratory-based boar taint 

scoring system is much more sensitive than the high-speed in-line single-

person commercial human nose score (CHNS) systems that are now 

operative in German abattoirs. In the current routine commercial data from 

three German abattoirs recorded on 5217 entire male slaughter pigs of the 

same genetic background as the current project's pigs (the same sire line, 

partly with the same individual sires; the same or similar maternal hybrids), 

97.0% score a CHNS = 0 (no perceptible boar taint). 

It follows that this project's laboratory human nose score cannot be simply 

translated to commercial conditions such as they hold on the abattoir level. 

In combination with chemical measurements, it provides a useful tool to 

elucidate possible underlying predictive or causal relationships. In addition, 

it is a useful tool to sort samples for analytical purposes 

 LHNS categories 

The panellists had indicated for each sample whether its perceived boar taint 

was due to androstenone, to skatole, or to both.  
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Relating those categories to the chemically measured androstenone contents 

produced least square means for androstenone content at 0.66 ± 0.066 and 

0.52 ± 0.033 µg/g for the samples in the androstenone and both categories 

(7.8% and 40% of the total), and at 0.41 ± 0.043 µg/g for the samples in the 

skatole category (52% of the total). This is in line with expectations, and the 

androstenone versus skatole category difference is strongly significant 

(P=0.0045). 

Relating those categories to the chemically measured skatole contents 

produced least square means for skatole content at 0.037 ± 0.0019 and 0.049 

± 0.0020 µg/g for the samples in the skatole and both categories, and at 

0.049 ± 0.0039 µg/g for the samples in the androstenone category. This is 

contrary to expectations, and the paradoxical skatole versus androstenone 

category difference is significant (P=0.024). 

These results may indicate that the perception of skatole depends on 

androstenone levels: perceived androstenone odour masks the skatole odour. 

 

5. Conclusions and recommendations 

Skatole content of the fat of entire male slaughter pigs can be reduced by the 

following actions: 

 Keep the pig house clean. Keep the air levels of ammonia, methane en 

CO2 low. 

 At the end of the finishing period, supplement the feed with inulin. This 

can be done in the form of chicory root extract. 

 Use progeny from parent animals with low genetic potential for boar 

taint.  
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Annex II. Deliverable 2 


