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Introduction

1 Introduction
Boar taint is an unpleasant and undesirable odour developing usually in pork of entire male
pigs. Fresh meat with distinct sexual odour must be declared unfit for human consumption (EU
2004). In carcasses of entire male pigs being commercialised the absence of boar taint
carcasses of over 80 kg is required by law of the EU (1991).
There are key compounds responsible for boar taint: androstenone, skatole and indole
(PATTERSON 1968; 1969; VOLD 1970), which influence each other (DORAN et al. 2002b;
TAMBYRAJAH et al. 2004b; BABOL et al. 1999). The boar pheromone androstenone (5αandrost-16-en-3-one) is a member of the testicular steroid hormone family (PATTERSON 1968)
synthesised from pregnenolone (KATKOV and GOWER 1970) and is in correlation to hormone
synthesis and sexual maturity (CLAUS 1975).
Skatole (3-methyl-indole) and indole are degradation products of L-Tryptophan, an amino acid.
The metabolism of skatole in the large intestine depends on the availability of Tryptophan, the
activity of specific bacteria (Clostridia, Lactobacilli and Enterobacteria) (JENSEN et al. 1995b;
JENSEN and JENSEN 1998), and enzymes (ZAMARATSKAIA 2004).
The accumulation of androstenone and skatole in adipose tissue explains boar taint to a high
extent (BONNEAU and CHEVILLON 2012a; FONT I FURNOLS et al. 2000; GARCÍAREGUEIRO and DIAZ 1989). Other substances are discussed to contribute to the formation of
boar taint, too, (for example: androstenol, phenylbutenone, ketone, phenolic compounds,
aldehydes, short chain fatty acids and other steroids) (BONNEAU et al. 1992a; BRENNAN et al.
1986; GARÍA-REGUEIRO and DIAZ 1989; HAUGEN 2010; JEREMIAH et al. 1999b; RIUS et al.
2005; RIUS and GARÍA-REGUEIRO 2001; XUE and DIAL 1997; ZAMARATSKAIA and
SQUIRES 2009).
The thresholds levels of boar taint compounds are difficult to determine, because there are a lot
of factors influencing the metabolism and storage in the tissue and the volatilisation in the
processing of meat. An additional problem is that the olfactory and gustatory perceptions of
boar taint and androstenone show high variations in population. However, often mentioned
threshold levels for androstenone and skatole are 0.5-1.0 ppm and 0.20-0.25 ppm, respectively
(CLAUS 1995; HANSEN-MØLLER and ANDERSEN 1994; HAUGEN 2010; LUNDSTRÖM et al.
2009; VESTERGAARD et al. 2006; VOSS 2012; WALSTRA et al. 1999).
Few people know much about the issue of boar taint; only 15.5 % of people know the origin of
boar taint (STARKE and SCHÖNBERNER 2012). Nevertheless, boar taint in pork is refuse and
in consequence, surgical castration of piglets is the most common method to reduce the
occurrence of boar taint.
The issue of piglet castration and boar fattening have been discussed for years. Beside the view
on animal welfare, the rearing of entire male pigs also could have economical advantages. In
2008, representatives of the German pig farming community, the processing industry and the
trade drafted the resolution (“Düsseldorfer Erklärung”) to stop painful piglet castration (DBV;
VDF; HDE 2008). A castration without anaesthesia is prohibited in Switzerland (BUNDESAMT
FÜR VETERINÄRWESEN 2008) and other EU countries act in different manners, like Great
Britain where fattening of boars is practised (STOLL 2002) and where 4.46 million male pigs
were left entire in 2006 (FREDRIKSEN et al. 2009). At present, the painful piglet castration is of
topical interest, because it is disliked by policy makers and the population and should be
1
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banned in the EU by January 1, 2018 (European Commission 2010) and after a transitional
period in Germany by 2019, too (BMEL 2014).
The directive 2010/63/EU by the European Parliament and the Council of September 22, 2010,
on the protection of animals used for scientific purposes (Laboratory Animals Directive) came
into force on November 9, 2010, and the member states had to adopt it into national legislation
(EU 2010). For this purpose, the Federal Ministry of Food, Agriculture and Consumer Protection
tabled a draft amendment to the Animal Welfare Act and another one for the adoption of an
animal welfare/laboratory animal regulation. Now, the third legislative amendment of the Animal
Welfare Act had been passed by the German government (BMELV 2011a, b; 2012;
BUNDESREGIERUNG 2013) and the castration of piglets is acquired in Act §6 (1) number 2a
(former in Act §5 (3) number 1a) as an exception of the prohibition of amputations. In addition,
the temporary regulation Act §21 (1) determines, that there is no duty using anaesthesia in
piglet castration till Dec 31, 2018 (JÄGER 2014). Thereafter, the painful piglet castration will be
realised with anaesthesia only.
The application of local anaesthesia (HAGA and RANHEIM 2005) as well as a general
anaesthesia with Ketamine, opioids or Isoflurane without a veterinarian is being discussed in
Germany. By contrast, legislation of pharmaceutics, narcotics and psychotropics preclude this
approach. Since 2010, Isoflurane has been successfully employed in Switzerland for inhalation
anaesthesia. But it has been revealed that Isoflurane is a greenhouse gas, being toxic for the
environment and operator. In addition, Isoflurane has no authorisation for pigs according to the
German pharmaceutical legislation and an off-label use is disputed (STEIN 2009; WAGNER
and HELD 2012). Piglets could be castrated by using different anaesthesia or by the destroying
of testicular tissue (EFSA 2004a; 2004b; SCHIELE 2010). But, because of rising costs and
efforts, alternatives for surgical castration are being searched for.
The fattening of boars is interesting from an economical point of view, too. Entire male pigs
have a more efficient feed utilisation, carcasses with less fat and more edible products
(SEIDEMAN et al. 1982), higher weights of muscles and a favourable lean meat quality
(FIEDLER and ENDER 1993; XUE et al. 1997). However, the risk of boar taint in pork still
occurs and FREISFELD (2010) warns that the intact male pig will lose their market value if
fattening of boars is performed without an adaptation of the value-added chain.
This raises the question, how to deal with the problem of boar taint in male pigs not being
castrated and several issues are discussed in order to avoid piglet castration without
anaesthesia.
This doctoral thesis is aimed to summarise the important attempts for eliminating or reducing
boar taint and examines current and elderly literature and surveys for the first time in this
focused form.
The main approaches are the change of inheritance, targeted breeding, modifications in feed
and husbandry during fattening period, application of drugs and processing of meat from entire
male pigs. The topics of surgical castration with and without analgesia as well as the local
destroying of testicular tissue are not addressed in this thesis.
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2 Alternatives for boar taint reduction or elimination
The following overview of EU-wide and international studies as well as several reviews gives an
insight into the subject of avoiding and eliminating boar taint. While studying the problem of boar
taint, it became apparent that comparisons among the many investigations and conclusions are
difficult, because different methodologies were used. EU-wide and international studies
(BONNEAU et al. 2000a, 2000b; EFSA 2004a; 2004b; 2011; MATTHEWS et al. 2000b;
PIGCAS 2008) tried to develop general criteria for the problematic nature of boar taint and a
common way of proceeding against boar taint. Despite these efforts, there is still a need to
harmonize aspects of methodologies.
The chapters follow the chain of pork production and emphasise the mentioned methods to
reduce or to eliminate boar taint in terms of breed, genetics, sperm sexing, feeding and housing
of boars, as well as in subjects of drug application and processing of tainted boar meat. The
chapters open with the literature reviews already existing and subsequently present the findings
of the different investigations in detail. The definite outcomes to the topic are present in the
chapters of discussion and conclusion. This doctoral thesis summarised not alone the recent
findings, but also former results to the issue of boar taint reduction and elimination.

2.1 Breed and genetics
2.1.1 Literature review
In the second part of the 18th century, targeted pig breeding made its debut in England, and in
1850 livestock breeding started in Germany (BATH et al. 2004). Approximately 100 years later,
one of the main boar taint compounds, 5-α-androst-16-ene-3-one (Androstenone), was revealed
by PATTERSON (1968), and VOLD (1970) identified 3-methylindole/skatole as an additional
important compound. Based on the knowledge of these two main components, substantiated
research for reducing or eliminating boar taint could be performed (BASCAMP et al. 2007). This
became the starting signal for the first breeding attempts against boar taint in the pig population.
In order to get fast results, estimated heritabilities were determined and breeds with low boar
taint levels were searched.
The HUMAN GENOME PROJECT started in 1990 which investigates the human genome
(GANNETT 2008). These analyses of genomes shifted the researchers’ attention also on the
pig genome. Since 1992, genetic maps of the porcine genome have been developed. INRA
started an experiment in order to map quantitative trait loci (QTL), quantitative trait loci, in pig
breeds (Meishan and Large White) using microsatellited markers (BIDANEL et al. 1997).
The decoding of the entire porcine genome sequence for the Duroc breed by the TRUST
SANGER INSTITUTE (2009) was an innovative accomplishment. The achievement for the first
draft of the genome of a domestic pig permitted the pinpoint localisation of genes and was a
milestone in pig breeding.
Several reviews contained the topic of the selective and genetic control of boar taint.
The EFSA (2004a; 2004b) Animal Health and Welfare panel conducted one of the first
assessments on welfare aspects of castration of piglets. The general conclusion of the genetic
aspect was comprised of the medium to high heritability for both boar taint compounds and
breed differences in androstenone and skatole levels. However, genetic markers were not yet
3
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fully ascertained. Considering skatole, they indicated that it is difficult to gather the genetic
determination for low boar taint because of the influence on the skatole level by metabolism rate
and by environment, like feeding and housing (see below). The EFSA (2004a; 2004 b; 2011)
recommended the further development of genetic markers specific for boar taint and the
identification of genes associated with low levels of boar taint compounds as well as the use of
breeds with low propensity of androstenone and skatole in breeding programs.
FREDRIKSEN and NAFSTAD (2006) rated genetic research and selective breeding to be the
best way to control the levels of androstenone and skatole in the long run. Against high
androstenone levels, LUNDSTRÖM and ZAMARATSKAIA (2006) judged the selection with
appropriate markers attainable, but the selection against high skatole levels had not been
performed up to that time.
Androstenone is a steroid that acts as a pheromone. It is produced by the Leydig cells of the
testis and is regulated by the neuroendocrine system (GnRH; LH) (EINARSSON 2006).
Androstenone is metabolized in the liver by a two-phase process (ROBIC et al. 2008). The
following key enzymes for metabolism were mentioned. In simple terms, the activity of the
andien-β-synthetase affected the androstadienone and androstenone biosynthesis out of
pregnenolone activating cytochrome P and B enzymes (CYP 17 and CYB 5) (FOUILLOUX et al.
1997; GOWER 1972; MEADUS et al. 1993). CYP 17 and CYP B5A (previously known as
CY B5) were positively associated with androstenone in adipose tissue (DAVIS and SQUIRES
1999; LIN et al. 2005a; 2005b; MEADUS et al. 1993; PEACOCK et al. 2008) and were in
correlation to skatole metabolism (PEACOCK et al. 2008). In addition, besides the CYP 17
enzyme, the 5α-reductase was part of the androstenone synthesis metabolism, too (BUCHER
2005).
The 3β-HSD is an enzyme of the androstenone metabolism (DORAN et al. 2004; VON
TEICHMAN-LOGISCHEN KÖHLER 2001, WEILER and WESOLY 2012) and its protein
expression is negatively correlated to high fat androstenone (NICOLAU-SOLANO 2006). The
gene expression of the catabolic 17β-HSD enzyme in liver, but not in testis, is negatively
correlated to high androstenone levels in adipose tissue (CHEN 2007).
HST, gene name SULT2A1, catalyses the sulfconjugation of androstenone and leads to a lower
content of androstenone in fat, while the unconjugated form of androstenone had a higher
potential to accumulate in adipose tissue (CHEN 2007; SINCLAIR and SQUIRES 2005,
WEILER and WESOLY 2012).
Skatole is a degradation product out of the amino acid Tryptophan. Key enzymes for the skatole
catabolism are CYP 2E1, CYP 2A6, SULT 1A1 and AO and are negatively correlated to
concentrations of skatole in adipose tissue depending on breed (BABOL 1997; BABOL et al.
1998a; 1998b; BABOL and SQUIRES 1999; DIAZ and SQUIRES 2000a; 2000b; DORAN et al.
2002a; LIN et al. 2004a; 2004b; 2006; OLIVER 2009, WEILER and WESOLY 2012).
Additional enzymes and nuclear receptors (see below) being involved in metabolism of boar
taint compounds were found (GRAY and SQUIRES 2013a; 2013b; TAMBYRAJAH et al. 2004).
SQUIRES (2006) described tools for genetic selection, like genetic markers, QTL and candidate
genes, associated with boar taint or its compounds. QTL are chromosomal regions containing
genes that affect a particular trait. Candidate genes encode for key enzymes or nuclear
receptors being involved in the metabolisms of androstenone or skatole. These genes are
investigated for polymorphisms, mostly single nucleotide polymorphisms (SNPs), changing the
phenotype of a trait. The drawback of the “QTL and candidate genes” approach is that only
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genes being directly involved in the metabolic pathway are detected (SQUIRES 2006).
Therefore, an identification of genes being only related to the accumulation of boar taint
compounds is reached by a transcriptional profiling using the DNA microarray. In this approach,
a comparison of the expression of thousands of genes (transcriptome) is done between different
phenotypes (SQUIRES 2006).
Other studies used the porcine DNA microarray to investigate transcript profiles of pig breeds
with different phenotypes (high or low levels of androstenone) (MOE et al. 2007b). They
determined further new and approved genes detected up to this point. In the proteomic analysis
the levels of variable proteins being expressed among pigs with two extremes of a trait were
investigated (SQUIRES 2006). Proteomic approach completes the microarray study and both
analyses have the advantage of identification of different expression of the genes coding for the
interesting trait. VAN DE WIEL et al. (2006) investigated pork quality parameters by proteomics
analysis in the Duroc pig breed and pointed out proteomics as a highly effective tool for
identifying marker proteins to improve meat quality. The recent studies of GUNAWAN et al.
2013a; 2013b; SAHADEVAN et al. 2014) used the RNA deep sequencing for investigation
transcriptome differences in tissues of boars with different levels of boar taint compounds in
order to get candidate markers which could be used in genomic selection.
PIGCAS (2008) assessed the breeding selection against boar taint possibly because of a high
heritability in breeding. As the sexual maturity is influenced by selection for low boar taint, they
criticised the lack of information about the degree of maturity of the boars in many studies and
advised the use of a selection index to avoid sexual delay. In addition, the utility of the data from
the different studies is severely limited because of pronounced variations of the results. For the
boar taint specific gene analysis, it is important to make a difference between steroid- and
androstenone-genesis in order to keep the fertility of the boars. In consequence of the varieties
in the breeds, they demanded validation studies for QTL and SNPs performed in the same
commercial pig populations. In consequence, further investigations are needed for obtaining
more exact definitions (PIGCAS 2008).
In the continued PIGCAS (2009) Project, the genetic selection was valued as a protracted way
to achieve boar taint free lines of pigs, because the basic knowledge on the key enzymes and
genes governing skatole and androstenone degradation was too slight. Further genetic markers
for genetic selection need to be identified. The authors of the PIGCAS (2009) commented:
„There is nothing like one single solution to boar taint. Rather an integrated approach is
required (…)” (PIGCAS 2009).
No clear conclusion could be drawn from the genome studies on QTL locations for
androstenone and skatole levels reviewed by ROBIC et al. (2008) which demonstrated the
multifactor nature of genetic control of boar taint. In the future, it seems that the molecular
approaches cannot provide the entire solution to boar taint. The identification of genes involved
in QTL remains difficult and complex and requires the fine mapping of QTL. Considering
different breeds and ages of the investigated pigs, less data about the status of sexual maturity
are available and a small number of involved animals in the trials made the results less
representative. This makes it difficult to compare the investigations being reviewed. Identifying
candidate genes responsible for the QTL by searching for mutations in important metabolic
genes was not successful, probably because of the different effects among breeds. Therefore,
the characterisation of QTL will require an extensive panel of breeds. ROBIC et al. (2008)
mentioned that analysis of all target promoters will be possible with the newly available entire
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porcine sequence. In the future, high expectations will arise from the use of microarray studies
and the proteomics to recognize different expressions of genes associated with androstenone
or skatole deposition in fat.
ZAMARATSKAIA and SQUIRES (2009) reviewed the combined biochemical and genetic
pathways of androstenone and skatole and their effect on boar taint. Their recommendation is
similar to PIGCAS (2008) requiring an assessment of sexual maturity in the studies and a
statistically reliable number of investigated pigs from commercially relevant breeds. They
recognised a lack of the possibility for comparisons of clearly established chromosomal
localizations of candidate genes for boar taint.
EFSA (2011) and VON BORELL et al. (2009) assessed the genetic approaches to reducing
boar taint risk as feasible but still not yet applicable. A decrease of gene frequency being
responsible for high boar taint levels is aspired, but the problem is that the product of small
effects of several genes resulted in boar taint. SQUIRES and SCHENKEL (2011) concluded
that control of boar taint by marker associated genetic selection was regarded as long term but
a possible solution to eliminate the need for castration. However, genetic selection might not
lead to a complete elimination of boar taint and a complete elimination seemed to be impossible
by breeding alone (THOLEN and FRIEDEN 2011), but in combination with diet and
environment, boar taint will decrease to acceptable levels. FRIEDEN et al. (2011) estimated a
possible reduction of boar taint by selection within 8 to 12 years, but in case of the marker
associated selection they feared negative correlations of boar taint to other traits like fertility by
the similar gene locations. Both noted that genetic markers have to be identified in each
population before genetic selection is feasible in practise.
The following chapter examine in detail the results of the investigations with view to breeding
efforts and the genetic selection.
2.1.2

Breeding efforts

2.1.2.1 Differences in breeds
Breeding differences with view to boar taint perception and androstenone
MALMFORS and HANSSON (1974) listed the effect of gender and weight from 70 to 130 kg in
relation to boar taint being tested using the soldering iron method. The Landrace reached more
points for boar taint than the Yorkshire breed, but values were not significant. In the French
studies boar taint was determined by sensory evaluation and Piétrain (90 kg weight and 200
days of age) considerably exhibited more boar taint (51 %) than the Belgian Landrace (4 %) at
the same age (BONNEAU and DESMOULIN 1975; DESMOULIN and BONNEAU 1979). Using
radioimmunoassay analysis, ROBB et al. (1975) demonstrated a higher scoring of boar taint by
a sensory evaluation panel in fast growing pig races (Large White, Landrace) at a carcass
weight of about 57-73 kg.
CLAUS (1975) found for consumers detectable concentrations of androstenone (1 ppm) in
adipose tissue independent of the race (Hampshire or German Landrace) at the time of
slaughter with 100 kg.
In the investigation of HANSSON et al. (1980), no differences in the intensity of boar taint and
its compounds were shown between Swedish Landrace and Swedish Yorkshire and the crosses
between these two breeds and Hampshire (no details for age or weight).
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The often cited study of XUE et al. (1996a) showed that there was a lack of agreement with the
detectable compounds and sensory evaluation of boar taint in breeds of Duroc, Hampshire,
Yorkshire and Landrace at 98-104 kg live weight. Despite high fat androstenone (approx.
1.75 ppm) and skatole (>0.15 ppm) levels in Hampshire boars and an androstenone sensitive
testing panel, sensory analysis revealed not one tainted carcass of Hampshire entire male pigs.
Boar taint sensation was highest in Duroc (20.3 %), followed by Yorkshire (16.2 %) and
Landrace (10.8 %). The finding of high fat androstenone levels in Duroc (1.5 ppm) pigs was
surprising, because they had the smallest bulbo-urethral glands. The size of bulbo-urethral
gland often envisaged as indicator for androstenone content in fat. They found high
concentrations of androstenone in adipose tissue about the cut off level of 1.5 ppm in 35.9 % of
Duroc (mean fat androstenone level 1.5 ppm) and in 62.5 % of Hampshire breed (mean fat
androstenone level 1.77 ppm), while only 12.2 % of Yorkshire (mean fat androstenone level
1.0 ppm) and Landrace (mean fat androstenone level 0.65 ppm) showed higher androstenone
levels. Landrace pigs had the lowest average tissue concentrations of androstenone (approx.
0.75 ppm) and skatole (approx. 0.075 ppm) compared with Duroc, Yorkshire and Hampshire
pigs (XUE et al. 1996).
TAJET et al. (2006) agreed with XUE et al. (1996a) that androstenone levels were higher for
Duroc (3.27 ppm) than for Landrace (1.19 ppm) pigs with 100 kg live weight. But mean skatole
levels were higher in Landrace (0.1 ppm) than in Duroc (0.05 ppm).
Summarizing the breed differences by androstenone level by FRIEDEN et al. (2011), Duroc and
Piétrain tended to have the least desirable taint scores.
HEID et al. (2011) recommended the use of breeds other than Duroc in the organic farming, like
Turpolie boars, getting older and being a late-maturing breed.
Piétrain seemed to have lower boar taint sensations than Duroc by a well carcass performance
(NIGGEMEYER 2012). However, variability between the animals was high. This was in
accordance with results by MATHUR et al. (2013) showing the lowest androstenone levels in
Piétrain sire line (-1.16 log ppm) followed by the dam lines of Landrace (-0.02 log ppm) and
Yorkshire (0.22 log ppm).
RHODES (1971) and RHODES and PATTERSON (1971) also noted on average a three times
higher androstenone concentration in boars of the Landrace (0.9 ppm) than of the Large White
(0.32 ppm) entire male pigs with 200 days of age and 108 kg carcass weight, by performing a
consumer testing trial (androstenone levels in adipose tissue ranged from 0.05 ppm to
1.76 ppm).
In boars with 100 kg body weight, there was a higher average androstenone concentration of
1.75 ppm in Piétrain compared to 0.61 ppm in Belgian Landrace (BONNEAU et al. 1979). The
occurrence of boar taint, deduced by olfactory evaluation, was very high in Piétrain boars at
90 kg live weight, whereas boar taint perception in fat and meat of the Belgian Landrace boars
increased with 110 kg live weight (BONNEAU et al. 1979; DESMOULIN and BONNEAU 1979).
There was no significant influence on androstenone levels by the breed or by the origin of the
sire line in the study by FALKENBERG and BLÖDOW (1981), but they could reveal trends to
higher androstenone and steroid levels in the Landrace (0.89 ppm) other than in German Large
White (0.60 ppm) at range of 199 days of age and older.
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WILLEKE (1993) listed breed differences of androstenone concentrations in carcass fat with the
following descending sequence: Piétrain > Large White > Swedish Yorkshire > Landrace. He
was convinced that selection for eliminating androstenone can be successful. However, the
compared data about age and weight of the breeds were inconsistent and in contradiction to the
results of RHODES (1971).
WEILER et al. (1995) investigated the amount of androstenone in carcasses in groups of pigs
with the same weights (95 or 115 kg). The boars of Piétrain x German Landrace crossbreds
were more frequently objectionable (50 %) than German Large White x German Landrace
(28 %) crossbreds or the Hybrids of the Federal Breeding Program (41 %) supposing threshold
values of 0.5 ppm and 0.25 ppm for androstenone and skatole, respectively. Levels of
androstenone in adipose tissue for weights of 95 kg or 115 kg were 0.50/2.09 ppm for crossbred
of Piétrain x Landrace, 1.64/0.58 ppm for crossbreds of Large White and Landrace and
0.39/0.47 ppm for Hybrids, respectively.
BIDANEL et al. (1997) mentioned that the allele originating from the Meishan breeds were
surprisingly associated with low fat androstenone levels in the sire families.
KELLER et al. (1997) were able to show that mating of AI boars with low back fat androstenone
levels (4 ppm) with German Landrace sows resulted in progeny, where 82-87 % of intact male
pigs had androstenone concentration in back fat below 0.5 ppm. In comparison to this, only
64 % of progeny of AI boars with high fat androstenone concentrations (13.5-26.5 ppm) had
androstenone levels below 0.5 ppm, but 4-18 % of these intact male offspring had
androstenone concentrations above 1.0 ppm in back fat.
Comparing boars of Wild Pig crosses and the Swedish Yorkshire breed at 108 kg live weight,
SQUIRES and LUNDSTRÖM (1997) found higher levels of androstenone and skatole in
adipose tissue of Wild Pig crosses (1.61 ppm androstenone; 0.16 ppm skatole) than in fat of
Swedish Yorkshire pigs (0.76 ppm androstenone; 0.09 ppm skatole). Unfortunately, no data on
the season when trial was carried out were given.
The ROTHSCHILD and RUVINSKY (1998) summary mentioned breed influence on fat
androstenone concentrations and found higher levels in breeds of Meishan, Duroc, Hampshire
and Piétrain than in Landrace and Yorkshire.
BRACHER-JAKOB (2000) showed that androstenone levels in Piétrain and their crossbreds
exceeded the concentrations of androstenone in Landrace, French Large White breeds and
Duroc and Hampshire breeds as well. Breeds containing androstenone levels in decreasing
succession were listed: Hampshire with high androstenone levels followed by Piétrain and
Piétrain crosses, Duroc, Yorkshire, Landrace and French Large White with the lowest
androstenone content.
In the review of the EFSA (2004a; 2004b), highest androstenone concentrations in entire male
pigs from the Meishan and Duroc breeds were described.
Data provided by the PIGCAS Project (2008) showed breeding differences, too: regarding
Duroc breed, 50 % of entire male pigs had high androstenone levels, whereas 5-8 % of the
purebred Hampshire, Yorkshire and Landrace boars had high androstenone concentrations.
Differences were found between Landrace and Duroc when comparing groups by average high
or low plasma and fat androstenone levels. Landrace had lower mean androstenone
concentrations in both high (5.91 ppm) and low (0.15 ppm) level groups, while Duroc showed
10.27 ppm androstenone in the high level group and 0.42 ppm androstenone in the low level
group (GRINDFLEK et al. 2008). VAN WAGENBERG et al (2013) found higher boar taint levels
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in terminal boars and crossbreds of Piétrain breed. Different average androstenone levels in
Duroc (1.72 ppm), Landrace (0.95 ppm) and Yorkshire (0.99 ppm) pigs (> 90 kg live weight) had
been measured in a recent study by JAFARIKIA et al. (2014).
Breeding differences on chromosomal and enzymatic level
After QUINTANILLA et al. (2003) had detected QTL decoding for androstenone especially on
chromosome seven, but also on chromosomes three and 14 (see chapter Genetic selection),
they remarked that alleles from the Meishan breed did not have to be correlated necessarily
with high levels of androstenone. LEE et al. (2005) discovered in the same crossbred pigs
(Large White and Meishan; slaughter weight 85 kg) different QTL; particularly QTL for
androstenone on chromosome six and QTL for skatole and indole on chromosome 14.
CUE et al. (2006) investigated the DNA sequences in the 5´flanking region of the 3β-HSD
enzyme, a metabolic enzyme for androstenone, and revealed a number of polymorphisms in the
form of repeats in DNA “TTAT” structures. However, androstenone concentrations in adipose
tissue were not associated with these polymorphisms, but they were breeding specific and it
was assumed that the polymorphisms could be in linkage disequilibrium with alleles outside of
the sequenced region. Nine TTAT repeats were identified in Meishan (25 %) crossbred pigs,
whereas only seven TTAT repeats were presented in purebred Large White, in Large White
(40 %) crossbreds and in Duroc (75 %) crossbred animals. Pigs were slaughtered at 22 to 26
weeks of age. It was unlikely, that the variation in the number of repeats affected the 3β-HSD
expression and, therefore, androstenone concentrations directly, but a linkage to alleles outside
the sequenced region was assumed. The 5´flanking region also contained three SNPs being
breed-specific. Both, the amount of repeats and the SNPs were suggestive depending on the
presence of Meishan genes.
DORAN et al. (2004) showed that β-androstenol is the main metabolite of the reduction of
androstenone catalysing by the enzyme 3β-HSD. They examined the breed differences of
mRNA expression in Large White and Meishan pigs with low (0.8 ppm) and high (1.22 ppm)
levels of androstenone in back fat, respectively. In Large White they found a twelve times higher
expression of 3β-HSD mRNA which resulted in a six times higher androstenol formation in the
microsomes from Large White that, in turn, resulted in a low androstenone level. The six fold
lower rate of androstenone metabolism in Meishan was probably due to a lower expression of
hepatic 3β-HSD mRNA elucidating by a lower amount of a deletion mutant.
MOE et al. (2007a) described breed differences in the expression of hepatic enzymes (3β-HSD;
SULT 2B1) metabolising androstenone. They could show that high androstenone
concentrations (7.58 ppm) in Norwegian Landrace boars with 100 kg live weight were
accompanied by reduced expression of 3β-HSD, the enzyme involved in the first stage of
hepatic androstenone degradation. In contrast, Duroc pigs have a lower androstenone
degradation rate in the second stage of hepatic metabolism. In this case, the expression of
hepatic SULT 2B1 was inhibited in animals (Duroc, 100 kg) with high-androstenone
concentrations (13.5 ppm). They suggested that the mechanisms regulating androstenone
concentrations in pigs might be breed specific. The average low-androstenone levels were
0.1 ppm and 0.22 ppm for Norwegian Landrace and Duroc and the mean androstenone values
in the whole population of Norwegian Landrace pigs were approximately 65 % less than those
in the whole population of Duroc animals.
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The review of SQUIRES and SCHENKEL (2010) represented eight different lines and
comprised six breeds (Duroc, Hampshire, Landrace, Large White, Piétrain and Yorkshire). They
mentioned that androstenone levels were much higher in Duroc than in white pig breeds. The
same research group (SCHENKEL and SQUIRES 2010) detected variances in numbers of
significant SNPs across the lines, from 5-17 and from 3-16 for skatole and androstenone,
respectively.
However, the Swiss Research Institute of Organic Agriculture (FiBL 2012a) stated that up to
50 % of Duroc boars have enhanced androstenone levels while 5-8 % of Hampshire and
Landrace boars were found with high concentrations of androstenone. It was assumed that less
intensive breeding exhibited less boar taint. The problem is that in the last decades, breeding of
pigs’ targeted performance and growth so that traditional breeds are not able to reach the same
growth capability even when they are reduced in boar taint. This could lead to a higher age at
slaughter which increases the risk for maturity and boar taint.
Breeding differences with view to skatole and indole
In the survey by WESTERGAARD and MORTENSEN (cited by MALMFORS et al. 1990),
skatole in fat reached the highest level in boars (0.16 ppm) compared to castrates (0.09 ppm)
and gilts (0.08 ppm). In addition, Danish Landrace boars had a higher skatole level in fat than
entire male pigs of Yorkshire or Duroc breeds, but skatole values were not mentioned
(MALMFORS et al. 1990). In like manner, no differences were detected by CHEN et al. (1993)
between the Duroc and Yorkshire breeds in sensory evaluation of boar odour intensity and
skatole concentration with values of 0.14 ppm and 0.10 ppm for Duroc and Yorkshire.
HANSSEN et al. (1995) recognised that one specific Danish Landrace boar (sire no. 39)
bequeathed higher average skatole contents and larger variation to its crossbred offspring
(Landrace x Large White x Landrace) compared with offspring of other sires. Danish Landrace
pigs had a high skatole level in fat (0.14 ppm) and passed it on to the offspring.
XUE et al. (1996a) examined breeds of Duroc, Hampshire, Yorkshire and Landrace at
98-104 kg live weight. With view to skatole concentration, 12.5 % of the Hampshire breed
surpassed the threshold of 0.25 ppm skatole in fat, while only 2.7 % of Yorkshire, 1.6 % of
Duroc and none of Landrace pigs exceeded this threshold. 26.4 % of the pigs surpassed at
least one of the thresholds of boar taint compounds.
In adipose tissue of Wild Pig crosses, skatole concentrations were higher (0.16 ppm) than in fat
of Swedish Yorkshire pigs (0.09 ppm). Unfortunately, the season when the trial was conducted
was not mentioned (SQUIRES and LUNDSTRÖM 1997).
PEDERSEN (1998) noticed breed differences of skatole levels in pigs with 100 kg live weight
with the highest levels in Landrace (0.12 ppm) followed by Duroc (0.07 ppm) and with the
lowest level of skatole in the Hampshire (0.06 ppm) and Large White (0.06 ppm) breeds.
DORAN et al. (2002a) investigated the metabolism of skatole and CYP 2E1 expression in
crossbreds of Large White x Landrace (LW x L) with a 74 kg carcass weight and the Meishan x
Landrace (M x L) with a 63 kg carcass weight. They ascertained in the LW x L a negative
correlation between back fat skatole an CYP 2E1 protein level as well as the important finding
that the CYP 2E1 level in general reflected the levels of mRNA expression. Presumably the
CYP 2E1 levels were regulated by the rate of synthesis and stability of the mRNA. They
hypothesised that acting skatole is an inducer in the pig liver. In M x L there was no significant
correlation between back fat skatole and CYP 2E1 protein or mRNA levels and further factors
for increasing skatole concentrations were suggested, like the MDR protein that transported
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skatole out of the liver and contributed to high skatole levels in adipose tissue. An increasing
expression of high levels of MDR in Meishan pigs could account for high levels of skatole.
In this context, KOJIMA and DEGAWA (2013) found out an autosomal (non-sex chromosomes)
dominant inheritance of the level of serum androgen with high serum androgen levels in
Meishan breed (at the age of five month) compared to Landrace. In addition, it was
demonstrated that the serum androgen levels had the potential for down regulation of the
constitutive expression of the CYP 2A19 and CYP 2E1 genes in pig liver.
In the investigations of ZAMARATSKAIA (2004), skatole levels increased at the age of 180200 days and decreased afterwards in Yorkshire and Landrace at approximately 240-260 days
of age and later in Hampshire and Duroc at 310-360 days of age. Swedish Yorkshire and
Hampshire breeds appeared to be beneficial with regard to producing meat with low levels of
skatole, because in the investigation of BABOL et al. (2004) at an age of 180 to 360 days
20.3 % of Hampshire, 25.5 % of Yorkshire, but 31.6 % of Landrace and 61.1 % of Duroc had
plasma skatole levels which corresponds to 0.20 ppm skatole in adipose tissue being the
threshold for sorting out tainted carcasses.
The EFSA (2004a, 2004b) report summarised that Landrace and Meishan pigs had the highest
levels of skatole in back fat whereas Yorkshire, Large White and Hampshire breeds showed the
lowest levels.
In contradiction to androstenone, average skatole levels were higher in Landrace (0.1 ppm)
than in Duroc (0.05 ppm) pigs with 100 kg live weight (TAJET et al. (2006). This was in
accordance with results of a recent study by JAFARIKIA et al. (2014) showing higher average
levels of skatole in Landrace (0.11 ppm) and Yorkshire (0.09 ppm) than in Duroc (0.07 ppm)
pigs (> 90 kg live weight). However, androstenone levels were higher in Duroc pigs. This was in
accordance with the investigation of MATHUR et al. (2013) where the Landrace had the highest
skatole levels (5.16 log ppm) followed by Yorkshire (4.72 log ppm) and Piétrain breeds
(3.99 log ppm). With regard to indole levels, dam lines (Landrace: 3.93 log ppm; Yorkshire:
3.78 log ppm) had higher levels than the sire line (Piétrain: 3.20 log ppm) (MATHUR et al.
2013).
As one of the first in this context, LI et al. (2009b) mentioned the Jinhua breed, a Meishan Pig
line from central China, origin of the German Schwäbisch-Hällischen Pig (37.3-82.5 kg
slaughter weights). There were found higher rectal skatole (20.5 ppm) and higher indole level in
distal colon (8.9 ppm) in Landrace compared to the Jinhua breed (12.6 ppm; 4.4 ppm,
respectively), and it was suggested that the pig genotype plays a role in the establishment of
the microbiota and in their fermentation. However, they failed to mention skatole concentrations
in fat tissue.
Breeding differences with view to boar taint compounds
As soon as both substances (androstenone and skatole) were countered as main reasons for
boar taint, the compounds were detected simultaneous.
There were breed differences of boars with about 100 kg live weight in the study of PEACOCK
et al. (2008) with view to the SNP of the c.-8T mutant in the CYB5A enzyme being linked with
low androstenone levels. Because of its potential involvement in both androstenone and skatole
metabolism, CYB5A could be an ideal candidate gene for developing genetic markers for low
boar taint. The frequency of the c.-8T allele (low androstenone) was highest in Landrace and
Yorkshire. The 8.-8T allele was presented too, in Large White, Hampshire, Piétrain and Sires
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Line pigs, but at a low frequency which would limit the utilisation of these SNPs for markerassisted selection. There were significant but moderate marker effects for fat androstenone in
Landrace, Yorkshire and Large White/Duroc crossbreds and for fat skatole in Duroc and sire
line breeds.
PEACOCK et al. (2008) also compared genotype and breed with their concentrations of boar
taint compounds and noticed that purebred Duroc (1.43-1.33 ppm) and a crossbred of Duroc
and Large White (2.33-1.74 ppm) had the highest levels for androstenone in adipose tissue
while Piétrain (0.39-0.26 ppm) showed the lowest androstenone levels. With regard to fat
skatole, the highest concentrations were detected in Hampshire (0.01-0.11 ppm) and the lowest
(0.024 0.026 ppm) in Yorkshire boars.
ZAMARATSKAIA and SQUIRES (2009) suggested that one major metabolic gene controlling
boar taint is unlikely and deemed that some alleles could be fixed in different lines, because the
effects of different polymorphisms varied among different lines and breeds as do the levels of
androstenone and skatole.
GRINDFLEK et al. (2010) analyzed 15 candidate genes being differently regulated in the pig
breeds. Boars were slaughtered with 100 kg live weight and Landrace and Duroc had average
androstenone concentrations of 1.17 ppm and 3.22 ppm, respectively. In Table 1 nine of 15
candidate genes were significantly up-regulated in boars with high fat androstenone levels in
both the Duroc breed (mean values of 10.59 ppm androstenone) and the Norwegian Landrace
(mean values of 5.62 ppm androstenone). Only in Duroc boars with high androstenone
concentrations CYP 19A2 was down-regulated and PGRMC1 was up-regulated, while in
Landrace boars with high androstenone values CYP 21 was significantly down-regulated
(GRINDFLEK et al. 2010).
Table 1: Nine of the 15 candidate genes were significantly up-regulated in boars with
high androstenone levels in both Duroc and Landrace [GRINDFLEK et al. (2010)]
AKR1C4

Aldo-keto reductase family 1 member C4

CYB 5A

Cytochrome b5

CYP 11A1

Cytochrome P450 subfamily XIA polypeptide 1

CYP 17A1

Cytochrome P450 c17

DHRS4

Short-chain dehydrogenase/reductase family member 4

FTL

Ferritin light polypeptide

HSD 17B4

17-beta-Hydroxysteroid dehydrogenase IV

STAR

Steroidogenic acute regulatory protein

SULT 2A1

Sulfotransferase family 2A, dehydroepiandrosterone-preferring member 1

The mean levels of androstenone in adipose tissue were higher for Duroc (3.28 ppm) than for
Landrace (1.14 ppm), but regarding skatole concentrations, on average, higher levels were
found in Landrace (0.1 ppm) than in the Duroc (0.06 ppm) breed (GRINDFLEK et al. 2011b).
ALUWÉ et al. (2011a) revealed a higher skatole content in back fat in Large White (0.06 ppm)
and Belgian Landrace (0.05 ppm) than in Piétrain boars (0.03 ppm), but only 4 % of animals
exceeded levels of 0.2 ppm. With a slaughter weight of 110 kg, breed differences were
detectable, but not at lower weight. At a 110 kg weight, high androstenone levels were found in
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Large White (0.48 ppm) compared to Belgian Landrace (0.28 ppm) and Piétrain (0.16 ppm).
Regarding sensory evaluation of boar taint, neither the androstenone sensitive expert panel nor
consumers detected differences between the breeds (ALUWÉ et al. 2011a).
While measuring concentrations of boar taint compounds in adipose tissue of boars with 110 kg
for GWAS by GREGERSEN et al. (2012), Duroc exhibited higher levels of androstenone
(3.54 ppm) than Landrace (1.32 ppm) and Yorkshire (0.95 ppm). However, regarding skatole
concentrations, there was another sequence headed by Landrace (0.25 ppm) and followed by
Duroc (0.06 ppm) and Yorkshire (0.04 ppm) (GREGERSEN et al. 2012).
In Spanish Duroc the higher mean level for androstenone adipose tissue (2.47 ppm) was
measured while Piétrain pigs had a lower androstenone concentration (0.49 ppm) and were the
only purebred pigs with androstenone levels below 1.0 ppm (WINDIG et al. 2012). Skatole
levels in adipose tissue were high in Landrace line N (0.3 ppm) and low in Spanish Duroc while
concentrations of indole were high in Landrace line F and low in Large White pigs.
2.1.2.2 Heritability
Heritability for boar taint in general
Initially, heritability was estimated for the boar taint sensitivity, because compounds were not yet
detected. WILMOWSKY et al. (1969) mentioned that there was so far no information about the
heritability of the off-odour. Later heritability for androstenone and skatole were estimated, too.
WISMER-PEDERSEN et al. (1969) supposed a connection between the genetic action and the
control of the steroid metabolism in the testicles of Danish Landrace boars. They additionally
demonstrated a variance of sex odour intensity in mature boars independent of age (293 days).
The analysis of variance resulted in the first heritability estimate of h2 = 0.13 ±0.08 for boar taint
and there appeared to be no relationship between mating ability and sex odour intensity.
JONSSON and WISMER-PEDERSEN (1974) reported a second heritability of sex odour
intensity of h2 = 0.54 ±0.32 being representative for the Danish Landrace pig population.
Investigated pigs had a live weight of 60-90 kg. However, the smell evaluation of sex odour
intensity was performed by a panel being not tested for androstenone sensitivity.
ALSING et al. (1978) conducted an experiment for selection against boar taint finding
differences in breed lines of German Landrace and varieties in age with following heritabilities
for boar taint: at 170 days of age heritability was h2 = 0.68 ±0.11, at 190 days it was lower with
h2 = 0.47 ±0.23 and the highest heritability of h2 = 0.91 ±0.19 was observed at 210 days of age.
JONSSON (1985) was sure that selection against boar taint is possible under field conditions as
well as by the artificial insemination and stated a heritability of h2 = 0.46 ±0.22 for boar taint
based on a combination of androstenone levels and olfactory scoring in Danish Landrace. He
hypothesised breed differences in the endocrinological function and advised to take into
account the genetic relation and environment influences into an index of selection (JONSSON
1985).
ROTHSCHILD and RUVINSKY (1998) summarised average values of heritability for meat and
fat quality traits and mentioned a mean heritability of h2 = 0.54 for the intensity of boar taint
scoring. DUCRO-STEVERINK (2006) expected a low heritability of h2 = 0.2 for boar taint using
a simulation program for breeding (DUCRO-STEVERINK 2006).
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Heritability for androstenone
After androstenone was discovered, heritability was estimated and later on realised.
With a value of h2 = 0.25 ±0.13 in the Danish Landrace, JONSSON and ANDRESEN (1979)
remarked to date the lowest heritability of androstenone in boars with live weight of 90 kg.
However, they reached a higher heritability of h2 = 0.43 ±0.18 when combining the levels of
androstenone linearly with the olfactory panel score. This was in accordance to the estimated
values of h2 = 0.38 - 0.44 found in the study of AZEVEDO et al. (2014) investigating a
commercial pig line.
In the distinguished selection experiment against androstenone, WILLEKE et al. (1980; 1987)
achieved in the third generation of a German Landrace line already a decrease of the mean
concentration of androstenone in back fat to levels equipollent to castrates and females.
Samples of adipose tissue were taken at the age of 170, 190 and 210 days. They published the
first realised heritability of androstenone with a value of h2 = 0.56 ±0.11. A clear statement was
given that there will be no animal without any androstenone in fat and that is doubtful to further
decrease androstenone levels in lines with low androstenone levels after the third generation. It
was suggested that these results were probably due to a delay of puberty.
Investigations of SELLIER and BONNEAU (1988) gave the highest realised heritability for
androstenone of h2 = 0.88 in a crossbred of Large White and French Landrace.
The considerable study by FOUILLOUX et al. (1997) termed for the first time a single two–allele
major gene affecting fat androstenone and a dominance of the low androstenone allele over the
high androstenone allele. The estimated heritability for fat androstenone level in the Large
White x Landrace cross was h2 = 0.55 ±0.07.
The results of index associating select experiments by SELLIER et al. (1997) confirmed the
positive genetic correlation between fat androstenone and sexual maturity of boars (118 kg live
weight) with a Large White and a Landrace background. Considering the polygenetic model,
they suggested the heritability between h2 = 0.55 ±0.07 and h2 = 0.58 ±0.05 for fat
androstenone. LE ROY et al. (1997) hypothesised two models, the polygenetic inheritance and
an inheritance consisting of a mixed model of polygene and one single major gene. They
obtained androstenone heritability of h2 = 0.53 and h2 = 0.34 for the polygenetic model and the
mixed model. They supported the common research of FOUILLOUX et al. (1997) and affirmed
the single major gene inheritance (LE ROY et al. 1997).
For androstenone level in back fat, an average heritability of h2 = 0.56 was given by
ROTHSCHILD and RUVINSKY (1998). SELLIER et al. (2000) estimated the heritability in
crossbreds of Large White and Landrace for androstenone in adipose tissue of boars to be
h2 = 0.49 and h2 = 0.55 with a live weight of 99 kg and 118 kg, respectively. The heritability of
androstenone was settled by h2 = 0.50 with a variance of 0.25 to 0.88 (EFSA 2004a; 2004b).
In addition, estimated heritabilities of h2 = 0.59 to 0.73 for androstenone in adipose tissue were
given by VARONA et al. (2005) investigating Landrace pigs slaughtered at 175 days of age.
Estimated heritability for androstenone in Duroc (0.56) and Landrace (0.54) pigs with a 100 kg
live weight was almost equally high (TAJET et al. 2006). Another high estimated heritability for
androstenone (h2 = 0.75 ±0.14) was given by the Netherlands research (BERGSMA et al. 2007;
ENGELSMA et al. 2007) using boars from a synthetic sire line with a 124 kg live weight.
GRINDFLEK et al. (2008) published a heritability for androstenone in fat tissue of h2 = 0.67 and
14

Alternatives for boar taint reduction or elimination
for androstenone in plasma of h2 = 0.56. The heritabilities for androstenone in fat were relatively
high and reached h2 = 0.49 for Landrace and h2 = 0.67 for Duroc (GRINDFLEK et al. 2011b).
Additionally estimations of the heritabilities in Danish Landrace were worked out by
KARACÖREN et al. (2010) and ranged between h2 = 0.47-0.49 for androstenone and KNOL et
al. (2010) stated an estimated heritability of h2 = 0.69 ±0.04 for androstenone. These results
were due to the promising heritabilities of androstenone and skatole, an encouraging application
in breeding programs. MERKS et al. (2010b) investigated purebred Piétrain, Large White, and
Duroc boars up to a 120 kg mean live weight and no adverse effects on male fertility were
expected. Estimated heritability was high for androstenone (h2 = 0.64) (MERKS et al. 2010a).
Heritabilities for androstenone in fat were h2 = 0.47 and h2 = 0.67 for Landrace and Duroc
(GRINDFLEK et al. 2011b)
In addition, estimated heritabilities of h2 = 0.54 for androstenone were found by WINDIG et al.
(2012) in lines with Duroc, Large White and Landrace backgrounds and were in line with
previous literature. DUIJVENSTEIJN et al. (2012) analysed a heritability of h2 = 0.63 to 0.61
using different models that considered heritable and non heritable social effects in purebred and
crossbred boars (races were not mentioned).
Estimated heritabilities from univariate or multivariate analysis were h2 = 0.45/0.45 for
androstenone in Swiss Large White pigs (BAES et al. 2012). Using the novel Piétrain boar
“Inodorus” the heritability for androstenone was quoted with h2 = 0.61 being an excellent value
for successful selection purposes (SAUTER 2012). STRATHE et al. (2013) used the univariate
random regression models and the heritability was h2 = 0.59 for androstenone concentrations in
Landrace boars. Estimated heritabilities given by MATHUR et al. (2013) were h2 = 0.72 for
Piétrain and h2 = 0.73 for Landrace and Yorkshire. In the Danish Landrace, a moderate, narrow
sense heritability estimated from the pedigree relationship for androstenone at h2 = 0.52 were
found by ROWE et al. (2014).
Heritability for skatole and indole
PEDERSEN (1998) compared two of his own studies investigating pigs with 100 kg live weight
and identified breed specific differences in the heritability for skatole in back fat: Landrace
h2 = 0.27; Large White h2 = 0.19; Duroc h2 = 0.19; Hampshire h2 = 0.21. These heritabilities
were slightly lower than the heritability of 0.34 found in the first study.
VARONA et al. (2005) investigated Landrace pigs slaughtered at 175 days of age and
estimated the highest heritabilities of h2 = 0.74 to 0.89 for skatole.
For skatole, heritability was lower in Duroc (0.23) than in Landrace (0.55), but selection against
boar taint should be clearly possible considering no other traits (TAJET et al. 2006). The
heritability of indole in Duroc (0.26) and Landrace (0.38) was estimated high and they
considered a possible combined selection (TAJET et al. 2006).
Additional estimate heritabilities for skatole (0.53 ±0.13) and indole (0.29 ±0.10) were given by
the Netherlands research (BERGSMA et al. 2007; ENGELSMA et al. 2007) using boars from a
synthetic sire line with a 124 kg live weight. More heritabilities for skatole and indole of h2 = 0.37
and h2 = 0.27, were published by GRINDFLEK et al. (2008). GRINDFLEK et al. (2011b)
mentioned breed differences in skatole heritabilities of h2 = 0.41 and h2 = 0.37 for Landrace and
Duroc. Additional differences in indole heritabilities of h2 = 0.34 and h2 = 0.27 for Landrace and
Duroc were found (GRINDFLEK et al. 2011b).
KARACÖREN et al. (2010) worked out estimated heritabilities in Danish Landrace from
h2 = 0.54-0.56 for skatole, and KNOL et al. (2010) stated an estimated heritability of
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h2 = 0.53 ±0.04 for skatole in purebred and crossbred pigs. Estimated heritability was h2 = 0.36
and h2 = 0.26 for skatole and indole in purebred Piétrain, Large White, and Duroc boars up to a
120 kg mean live weight (MERKS et al. 2010a).
Other estimated heritabilities, h2 = 0.41 and h2 = 0.33 for skatole and indole, were found in lines
with Duroc, Large White and Landrace backgrounds by WINDIG et al. (2012).
Estimated heritabilities from univariate or multivariate analysis were surprisingly higher for
skatole (h2 = 0.52/0.49) and indole (h2 = 0.57/0.55) than for androstenone (h2 = 0.45/0.45) in
Swiss Large White pigs (BAES et al. 2012).
The heritability for skatole while investigating the novel Piétrain boar “Inodorus” was quoted with
h2 = 0.5 (SAUTER 2012). Using the univariate random regression models, STRATHE et al.
(2013) found a heritability for skatole concentrations of h2 = 0.33 in Landrace boars. MATHUR
et al. (2013) mentioned estimated heritabilities for skatole in Piétrain (h2 = 0.50) and in Landrace
and Yorkshire breeds (h2 = 0.56) as well as heritabilities for indole in Piétrain (h2 = 0.29) and in
Landrace and Yorkshire breeds (h2 = 0.42). For Skatole, a moderate, narrow sense heritability
estimated from the pedigree relationship at h2 = 0.39 were found by ROWE et al. (2014) in the
Danish Landrace and were in accordance to the estimated values of h2 = 028-0.38 in a
commercial pig line found in the study of AZEVEDO et al. (2014).
2.1.2.3 Breeding selection
The stages of development for breeding selection in regards to boar taint are being brought into
a chronological sequence. At the beginning, it was tried to select against high boar taint
sensation in pork. Later, when boar taint compounds were determined, it was selected for low
levels of androstenone and skatole in adipose tissue.
Breeding selection for boar taint
With a selection of sires and dams with low levels of boar taint it was attempted to receive
progeny with low boar taint sensation in carcasses. However, a negative effect on fertility was
always feared because of the close relationship of androstenone and steroid hormones.
SMIDT (1968) agreed with WILMOWSKY et al. (1969) that breeding to eliminate boar taint
could be possible, but there would be a strong limitation on the selection traits and insufficient
breeding animals were expected.
JONSSON and WISMER-PEDERSEN (1974) found no significant antagonistic effect between
sex odour intensity with a boar’s libido or with an average litter size at birth. Therefore, selection
for reduced sex odour was classified to be safe.
CLAUS (1978) could show an influence on the intensity of boar taint already in the first
generation and suspected the breeding influence to reduce boar taint as a long-term solution for
fattening of boars.
In a Danish selection experiment by JONSSON et al. presented by LUNDSTRÖM et al. (1994),
androstenone as well as skatole concentrations in back fat were reduced by selection using a
combination of the androstenone level and the subjective evaluation of boar taint as selection
criteria. No further information was noticed (LUNDSTRÖM et al. 1994).
An unfavourable effect was ascertained in the positive correlation between boar taint
compounds and the length of the bulbo-urethral gland influencing the sexual maturation
negative. However, with the correct weighting of traits, TAJET et al. (2006) guessed the
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reduction of boar taint would be possible while putting restriction on sexual maturation. This
would be though, a slow down process compared to selection against boar taint only.
GIERSING et al. (2006) supported the selection and breeding, because it seemed to be unlikely
that whether selection or breeding neither low production nor high metabolism of the boar taint
compounds had any consequences on animal welfare.
SQUIRES (2006) remarked that genetic selection of pigs free of boar taint is possible.
FREDERIKSEN and NAFSTAD (2006) considered genetic research and selective breeding to
be the best way to control the boar taint compounds in a long-term solution.
ENGELSMA et al. (2007) found low genetic correlations only between parameters for female
fertility traits and the boar taint compounds androstenone, skatole and indole, and they
doubtfully assessed the achievement of zero level in boar taint sensation. In addition, the impact
of selection against boar taint on male fertility characteristics was slight since genetic correlation
was low (-0.19 ±0.25) but unfavourable (BERGSMA et al. 2007).
MERKS et al. (2010a; 2010b) considered a quantitative selection against boar taint possible,
and, if done in a balanced way, they expected neither an adverse effect on daily gain, carcass
and reproduction traits, nor a reducing in efficiency of the pork industry. However, the female
fertility was affected differently depending on the lines (MERKS et al. 2010a; 2010b).
The German Federal Office for Agriculture and Food (BALE and BMLEV 2010) conducted
research at a breeding program with a Piétrain sire line and crossbreds of dam lines and gave a
first estimation that demonstrated the need for five to eight generations to reduce the amount of
smelling boars from 40 % to 2 %, while maintaining 80 % of the previous breeding objectives.
THOLEN and FRIEDEN (2010; 2011) postulated a reduction of boar taint from 20 % to 5 % in
the third to fifth generation by preserving 80 % of the present breeding objectives. This would be
a faster selection than estimated in the breeding program of German Federal Office for
Agriculture and Food (BALE and BMLEV 2010).
FRIEDEN et al. (2011) were in accordance and suggested in their model calculation that at
least four to six generations, i.e. eight to twelve years, would be required to reduce the
frequency of boar taint from 20 % to 5 %. Beyond that, associations between markers and traits
were breed specific and would have to be identified in each population. They advised to screen
terminal sires for boar taint before using these boars for artificial insemination.
SCHROYEN et al. (2012) mentioned that a selection against genes influencing the storage of
boar taint compounds in adipose tissue would be not successfully, because these SNPs were
not associated with boar taint itself.
However, STRATHE et al. (2013) did not find a negative effect on the production of semen or
on the survival rate of embryos and offspring, if the selection against boar taint compounds was
carried out.
In accordance with MERKS et al. (2010a; 2010b), MATHUR et al. (2013) mentioning a
functional correlation between androstenone, age at first insemination and the interval between
weaning to insemination that might result in delay of sexual maturity and a higher rebreeding
interval, if it was selected against androstenone. A balanced selection could both increase
reproduction traits while lowering levels of boar taint. The working group found a higher boar
taint level in dam lines of Landrace and Yorkshire origin than in the Piétrain sire line. Therefore,
it was required, to focus on dam lines when genetic selection against boar taint was performed.
If selection was done on the reproduction traits index only, the percentage of the carcass with
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boar taint increased from 4 % to 7.3 % within five generations. However, if the selection index
was based on both, boar taint and reproduction traits, the boar taint in carcasses could be
reduced from 4 % to below 0.1 % in 19 generations. This combined index selection reduced the
overall economic gain by 10 % in the market with castrated male pigs only, but the overall
economic gain increased by 78 % in markets with intact male pigs (MANTHUR et al. 2013).
Selecting against boar taint compounds and reducing the perception of boar taint was effective
by using a biopsy-based performance test of live boars (Large White x Landrace), assessed by
a human nose score. The amount of androstenone, skatole and indole could be lowered by
50 % within seven, six and eight years, respectively (HABERLAND et al. 2014).
Breeding selection for androstenone
A selection of breed onto low levels of androstenone was attempted, but the close correlation of
androstenone and steroid hormones raised the question of negative effects on fertility.
Investigations by BONNEAU et al. (1987a; 1987b) using Large White boars with 180 days of
age showed that it is more likely that animals with low androstenone levels in fat exhibited a
reduced capacity for production for 16-androstenes, which is under genetic control, than a
delayed sexual maturation.
There was a considerable decrease of androstenone up to the third generation in German
Landrace but an increase in generation four and five occurred, probably caused by
environmental factors (WILLEKE et al. 1987). Additionally as related to the selection, a delay of
the first heat in gilts with low androstenone levels was raised (WILLEKE et al. 1987).
SELLIER and BONNEAU (1988) reached a highly significant selection bias by decreasing
androstenone levels on the preservation of a normal development of the testes and Cowper’s
glands in offspring of crossbreds Large White and French Landrace. Unfortunately, a highly
significant delay in the puberty in gilts evolved.
Therefore, gilts of breed lines (Large White, German and French Landrace) with high
androstenone levels attainted full maturity earlier than gilts of breed lines with low androstenone
levels (SELLIER and BONNEAU 1988; WILLEKE and PIRCHNER 1989). However, the
differences were not statistically significant in the study by WILLEKE and PIRCHNER (1989).
JONSSON and JØRGENSEN (1989) mentioned that hierarchy of the pigs (Danish Landrace) in
the selection trials should be involved, because selection against androstenone solely would
result in servile animals.
BONNEAU et al. (1998) deemed selection against androstenone biologically feasible by using a
selection index to avoid negative impact on sexual maturation, but they considered it to be not
realistic in practise. They envisaged using a marker-assisted selection.
Into crossbred of Large White and Landrace, there was a high genetic correlation between
homologous traits of fat androstenone and bulbo-urethral gland development suggesting a
possibility to reduce androstenone levels with no adverse effect on sexual maturity of both
genders by using the bulbo-urethral gland development as the index for selection (SELLIER et
al. 2000). They signalized that fat androstenone levels and growth rate were poorly associated
both at the phenotypic and genetic level, contradictious to WILLEKE and PIRCHNER (1989)
showing a positive correlation.
BONNEAU and SQUIRES (2001) resumed the responsibility of two mean factors for the
accumulation of androstenone in adipose tissue. In general, one of them possibly impinged on
the expression of CYB5, the other factor probably affected the sexual maturation. A selection
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against androstenone, even with an index of selection, seemed not to be practicable. A markerassociate breeding program appeared to be particularly promising, especially with regard to the
long term solution of boar taint.
Per the opinions of BONNEAU and PRUNIER (2005), the selection against androstenone is not
feasible in practise and they recommended in future a marker-associated selection. BONNEAU
(2006) mentioned the drawback that boar taint related substances other than androstenone
were not affected if selection was performed against androstenone only.
DUCRO-STEVERINK (2006) considered a selection against androstenone as possible and
noted that selection should take place in all three to four lines of slaughter hybrids. After five
years of selection beginning with 30 % boar taint in population, the simulations program stated
that there are 9.3 % of boars with boar taint left by keeping 80 % of the genetic improvement of
growth and back fat.
LERVIK et al. (2013) investigated Duroc pigs up to an age of 27 weeks and a 126.2 kg live
weight. Because of a strong correlation between testosterone and the estimated breeding
values for androstenone, breeding to decrease concentrations of androstenone on basis of the
estimated breeding values for androstenone could affect testosterone levels in newborn boars.
In addition, testosterone mediated functions could be influenced negatively. Environmental
factors had less influence on the androstenone phenotype (level of androstenone). Stronger
influences on the phenotype came from the estimated breeding values for androstenone
reflecting high and low androstenone phenotypes which could be retracted to week 12. The
estimated breeding values for androstenone might be used as a potential prepubertal prediction
of androstenone values in adult pigs. It is ambiguous if breeding for lower concentrations of
androstenone negatively affected sexual maturation. On one hand, testis morphology and the
estimated breeding values for androstenone were not correlated, but on the other hand, there
was a link between fat androstenone and the development of the seminiferous tubules.
Breeding selection for skatole and indole
VOLD (1970) isolated for the first time 3-metylindole/skatole to be another compound for boar
taint, and in consequence, selection against high levels of skatole was performed. He used pigs
of the Norwegian Landrace with a live weight of 90 kg and considered the selection for low
odour intensity in fat possible if an efficiently high heritability was existent.
BONNEAU and SQUIRES (2001) registered the influence genetic factors on skatole beside the
effects of the feeding and housing conditions. They would welcome a marker-associate
selection of animals with an efficient metabolism rate, if available, instead of selection targeting
a high fat skatole level only.
Using selection against boar taint in breeding programs
A sufficient heritability and efforts in breeding and selection created new breeding boars, named
”Premo”, “Inodorus”, “Nador” and “db.7711”, which pass on the breeding attribute of less boar
taint to their progeny (NIGGEMEYER 2012).
Switzerland instigated a research program to develop performance tests for boar taint on living
breeding boars (MATTEI et al. 2012), estimation of breeding value and programs of selection
and breeding against boar taint (BAES et al. 2011a). Premo® boars, a Swiss Large White
terminal sire line (BAES et al. 2011a; KÜENZI 2012), were biopsies with a 100-125 kg live
weight in order to obtain concentrations of the boar taint compounds. These samples of adipose
tissue revealed low mean concentrations of skatole and indole, 0.033 ppm and 0.032 ppm,
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respectively, while androstenone in fat was higher with an average levels of 0.58 ppm (BAES et
al. 2011a; 2012). The average amount of androstenone in fat in the Premo® population could be
reduced to a threshold of 0.5 µg/g fat within four years using a biopsy-based performance
testing of boars (HABERLAND et al. 2014).
However, investigations of this research group confirmed a former misgiving demonstrating a
slight adverse effect on semen quality if breeding against androstenone. Volume, concentration,
motility, number of dosage and semen longevity were significantly affected by androstenone
while a selection against skatole and indole had no influence on semen quality (BAES et al.
2011b). GUNAWAN et al. (2013a) hypothesised that a high regulation of the DKK2 gene had
negative effects on sperm production. The influence of selection against androstenone on
female fertility has still not been clarified (NIGGEMEYER 2012). The aim will be to reduce boar
taint components to perceive an odour free meat without eliminating androstenone
concentrations (NIGGEMEYER 2012).
The federal hybrid breeding program (BHZP 2013) created the “d.b7711” boar, within being a
terminal line Piétrain boar with low heredity for boar taint, by preserving fattening performances.
Boars were selected after an estimated breeding value using pedigree information and analysed
concentrations of androstenone and skatole in siblings.
The “GERMAN PIÉTRAIN” announced the novel Piétrain boar “Inodorus” publicly starting in
2012 (SAUTER 2012). This type of boar should yield male progeny for fattening with a reduced
likelihood of abnormal smelling carcasses and, therefore, less boar taint by consistent
economically relevant parameters. The “Inodorus” was developed out of 31 different Piétrain
lines.
In addition, the TOPIGS-SNW GmbH (2012) had created the terminal line Piétrain boar “Nador”
with low heredity of boar taint, too, using genomic selection and sensory evaluation.
TOPIGS-SNW GmbH (2012) guaranteed a 40 % reduction of boar taint.
SCHRADE (2013) compared the GERMAN PIÉTRAIN “Inodorus” boar and TOPIGS “Nador”
boar in aberration for odour and concentrations of androstenone and skatole in adipose tissue.
The levels of boar taint compounds did not differ significantly between “Inodorus” (0.53 ppm
androstenone; 0.08 ppm skatole) and “Nador” (0.42 ppm androstenone; 0.07 ppm skatole) and
were below threshold values of 1 ppm for androstenone and 0.25 ppm for skatole. In
92.1 %-93.8 %, there were no abnormal odours detectable and none of the samples had strong
odour either. It was confirmed that selection of AI boars is successful in reducing boar taint.
2.1.3

Genetic selection

2.1.3.1 Genetics of enzymes
The official start of the HUMAN GENOME PROJECT in 1990 shifted the researchers’ attention
to the pig genome. The objective was to find mutations, which change enzyme activity. Since
1992, genetic maps of the porcine genome have been developed and in the same year an
experiment had been started at INRA in order to map QTL in Meishan and Large White pig
breeds using microsatellite markers (BIDANEL et al. 1997).
ENGELSMA et al. (2007) searched out only a low genetic correlation between parameters for
female fertility traits and the boar taint compounds androstenone, skatole and indole.
FREDRIKSEN and NAFSTAD (2006) rated the genetic research and the selective breeding to
be the best way to control the levels of androstenone and skatole in the long run. VON BORELL
20

Alternatives for boar taint reduction or elimination
et al. (2009) assessed the genetic control of boar taint as a long-term solution if low levels of
boar taint compounds can be guaranteed. Using genetics by changing the frequency of genetic
markers in genes participating in metabolism of boar taint compounds would reduce boar taint
(JAFARIKIA et al. 2014).
LUNDSTRÖM and ZAMARATSKAIA (2006) judged the selection with appropriate markers
against a high androstenone level achievable, but the selection against a high skatole level had
not been performed. However, PAULY and BEE (2007) encapsulated the raising of entire male
pigs resting a niche product without genetic selection.
Enzymes and QTL for androstenone
In the first instance, key positions of metabolism and key enzymes of the boar taint substances
had to be identified in order to determine QTL for genetic research. SAHADEVAN et al. (2014)
performed an integrative approach using gene expression data, pathway mapping and
interaction network. Results showed that pathways such as glutathione metabolism,
sphingolipid metabolism, fatty acid metabolism and cAMP-PKA/PKC signalling were important
for androstenone biosynthesis. In animals with a high androstenone level, steroidgenesis was
activated by cAMP-PKA signalling and the androstenone metabolism was boosted by an active
fatty acid metabolism activity (anti lipid peroxidation activity of glutathione metabolism and de
novo synthesis of cholesterol). The review by ROBIC et al. (2004) listed at least 21 different
enzymes, together with at least five cofactors which appeared to be involved in steroid
biosynthesis pathway in the pig.
The following subsection describes the key enzymes and QTL for androstenone concentrations.
BONNEAU (1997a) accounted the selection against androstenone to be feasible by using an
index selection or marker associated selection.
As mentioned before, FOUILLOUX et al. (1997) discovered in the crossbreds of Large White x
Landrace with 117.6 kg live weight for the first time a single two-allele major gene affecting
probably the andien-β-synthetase and assumed a dominance of the “low androstenone” allele
over the “high androstenone” allele using segregation analysis. They found no linkage of these
genes with the SLA system in contrast to BIDANEL et al. (1997) investigating crossbreds of
Meishan and Large White (90 kg live weight) in order to map QTL for androstenone levels using
microsatellite markers. The most likely position of QTL was found between the SLA and the
S0102 on chromosome seven, because highly significant effects on fat androstenone levels
were observed. Other significant markers were located on chromosome 13 and 14 but at
different days of age.
SELLIER et al. (1997) started from the premise that a polygenetic model of inheritance for the
androstenone level was applied. They investigated pigs with Large White and Landrace
backgrounds with a 118 kg weight (SELLIER et al. 1997). LE ROY et al. (1997) encouraged the
collective studies of FOUILLOUX et al. (1997) and BIDANEL et al. (1997) using segregation
analyses of data from the same experiment as SELLIER et al. (1997). They supported the
finding of a single, major gene affecting fat androstenone but not the linkage to genes with the
SLA. From this point of view, LE ROY et al. (1997) postulated that the polygenetic inheritance
hypothesis had to be rejected.
3β-HSD plays a key role in phase I of hepatic catabolism of androstenone. A high expression of
the 3β-HSD genes and proteins in liver and testis is associated with a lower accumulation of
androstenone in fat (CHEN 2007; CHEN et al. 2007b; DORAN et al. 2004; KIM et al. 2013;
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NICOLAU-SOLANO et al. 2006; RASMUSSEN et al. 2013; VON TEICHMAN-LOGISCHEN
KÖHLER 2001). The 17β-HSD gene expression is negatively correlated to high androstenone
levels in adipose tissue (CHEN 2007; CHEN et al. 2007 b), and the enzyme expression of HST,
gene name SULT 2A1, and the SULT 2B1 were associated negatively to fat androstenone
concentrations as well (CHEN 2007; MOE et al. 2007b; SINCLAIR and SQUIRES 2005).
VON TEICHMAN-LOGISCHEN KÖHLER (2001) found a single type of the porcine 3β-HSD
gene by sequence analysis and could map the gene to the long arm of chromosome 4 in the
region 4q16-q21 using a porcine adipose tissue cDNA library screening method.
Liver samples of Large White and Landrace breeds were investigated by DORAN et al. (2002b)
and they considered the 3β-HSD as a possible candidate gene for boar taint, because an
expressive accumulation of androstenone in back fat was due to a poor hepatic 3β-HSD activity
and expression. This was supported by DORAN et al. (2004), who investigated androstenone
metabolism in isolated hepatocytes from crossbreds of Large White x Landrace (LW x LR) and
Meishan x Landrace (M x LR). Results indicated that the rate of androstenone metabolism was
determined by the level of mRNA expression of the hepatic 3β-HSD, and therefore, 3β-HSD
was confirmed as a possible candidate gene for androstenone concentrations in adipose tissue.
CUE et al. (2006) investigated the DNA sequences in the 5´flanking region of the 3β-HSD
enzyme and revealed a number of polymorphisms in the form of repeats of DNA “TTAT”
structures. Variations (repeats and 3 SNPs) in the DNA sequence of the 3β-HSD gene were not
associated with high androstenone levels in adipose tissue but were suggested to depend on
the presence of Meishan genes (see above).
NICOLAU-SOLANO et al. (2006; 2007) ascertained a reduced level of 3β-HSD mRNA in pigs
with a high level of androstenone of the crossbred of Large White, Landrace and Meishan by
cloning and sequencing the 3β-HSD enzyme. They suggested a defective regulation of the
hepatic 3β-HSD expression at the level of transcription triggered by a single 3β-HSD gene.
Additionally NICOLAU-SOLANO et al. (2007) suggested that 3β-HSD expression was under the
control of sex hormones, because the expression of the hepatic 3β-HSD depended on gender
and weight of the pigs showing lower expression by male and heavy-weight pigs.
CHEN (2007) and other researchers (CHEN et al. 2007) investigated the gene expression of
3β-HSD and 17β-HSD in Landrace and Yorkshire breeds. The male pigs with high fat
androstenone levels had low 3β-HSD gene expression in both liver and testis tissue and low
gene expression of 17β-HSD in the liver only. They were in accordance with DORAN et al.
(2004) and revealed for the first time that surgical castration as well as immunocastration
induced a significant increase of both 3β-HSD and 17β-HSD gene expression. There is no hint
of a correlation between 3β-HSD polymorphisms and levels of fat androstenone indicating that
this regulation was a result of transcription factors rather than a mutation carried by 3β-HSD
(Chen et al. 2007b). 3β-HSD was deemed to be a likely candidate gene, but they gave advices
to consider the effects of 3β-HSD on other genes being involved in anabolic steroid metabolism.
Breed specific differences in androstenone regulation, protein expression and metabolism were
shown by MOE et al. (2007a). The expression of hepatic 3β-HSD catalyzing the first stage of
androstenone degradation was decreased in boars of the Norwegian Landrace with high
androstenone levels but not in Duroc. In contrast, with the expression of hepatic SULT 2B1, the
catalyzing of the second stage of steroid catabolism was decreased in Duroc boars with high
androstenone levels but not in the Norwegian Landrace. The testicular SULT 2B1 was
decreased in both breeds (MOE et al. 2007b). It was supposed that the Norwegian Landrace
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possessed a low rate of hepatic androstenone degradation in metabolic stage one, whereas the
Duroc showed a low rate of androstenone metabolism in metabolic stage two. According to
LIN et al. (2005a) there was no evidence of any contribution of CYP 17 to the content of
androstenone in adipose tissue (MOE et al. 2007b).
No significant effect of 3β-HSD protein expression on androstenone concentrations was found
in crossbred and purebred pigs with a Duroc, Large White and Piétrain backgrounds according
to OLIVER (2009). In contradiction to CHEN et al. (2007), 3β-HSD was not differentially
expressed in breeds of Duroc and Norwegian Landrace, and GRINDFLEK et al. (2010)
ascertained that there were cis- or trans-regulated differences in the level of transcription for
some of the genes.
SINCLAIR and SQUIRES (2005) regarded the HST (SULT 2A1), a key enzyme involved in the
sulfoconjugation of the 16-androstene steroids, as a potential genetic marker for selecting
animals with low boar taint in the Yorkshire breed. Unconjugated 5α-androstenone in circulation
resulting from a decreased ability to sulfoconjugate 5α-androstenone allowed the accumulation
of androstenone in fat leading to the development of boar taint.
RASMUSSEN et al. (2012) achieved a reduction of androstenone levels in adipose tissue via
bioactive components in the diet. They fed dried chicory root to male pigs for 16 days prior to
slaughter. The concentrations of testosterone and IGF-1 were not affected. An increasing liver
activity due to a higher mRNA and protein expression of 3β-HSD were suggested to be
responsible for the reduction of the androstenone level (RASMUSSEN et al. 2012; 2013).
Additional investigations of the same researchers revealed that neither androstenone nor
skatole had an influence on mRNA expression of 3ß-HSD or SULT 2A1. However,
sesquiterpene lactone (SQL) of chicory like artemisinin and scoparone decreased mRNA
expression of SULT 2A1, while lactucin increased mRNA expression of 3ß-HSD and SULT 2A1.
The mRNA expressions of other specific CYPs were increased by lactucin, scoparone and
esculetin. Thus, a secondary plant metabolites influence gene expression in a complex manner,
which do not reflect the effect of the global chicory root extract, decreasing expression
CYP 1A2, CYP 2C33, CYP 2D25 and CYP 3A29 (RASMUSSEN and EKSTRAND 2014;
RASMUSSEN et al. 2014).
ZAMARATSKAIA et al. (2012) investigated activities of skatole (CYP 2E1 and CYP 2A) and
androstenone (3β-HSD, SULT 2B1) metabolising enzymes in correlation to live weight (90 kg or
115 kg) and sexual maturity of crossbred boars (Yorkshire x Landrace). They demonstrated an
age-related decrease of protein expression of 3β-HSD and, as a result, increasing
androstenone levels in adipose tissue in boars with higher levels of testicular steroids. This
could not be found for SULT 2B1 protein expressions being higher in high weight pigs (115 kg).
CYP 17 and CYP B5A (previously known as CYB5) were involved in the andien-β synthase and
were positively associated with androstenone levels in adipose tissue (DAVIS and SQUIRES
1999; LIN et al. 2005a; 2005b; MEADUS et al. 1993; PEACOCK et al. 2008; VANDERMARK
and STEGGLES 1997). They were in correlation to skatole metabolism (PEACOCK et al. 2008).
In addition, beside the CYP 17 enzyme, the 5α-reductase was involved in androstenone
synthesis metabolism (BUCHER 2005).
LIN et al. (2005a, 2005b) investigated the andien-β-synthase enzyme complex, which consists
of CYP 17 and CYB 5 (MEADUS et al. 1993), using PCR-SSCP, sequence and mutational
analysis. Investigated pig breeds included Yorkshire, Duroc, Landrace, Piétrain and their
crossbreds. They suggested that the synthesis of androstenone in pig testis was not directly
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affected by any polymorphisms in the coding region of the porcine CYP 17 gene, because the
found mutation, a substitution from “T” to “A” changing the amino acid sequence, did not alter
the enzymatic activity of CYP 17.
BUCHER (2005) investigating the Swiss Large White breed considered the genetic mutation
possible for reducing or even eliminating boar taint but deemed the addition of inhibition of the
enzymes to be more successful. The 5α-reductase was a specific enzyme catalysing only
slightly other reactions and was, therefore, a favoured enzyme for inhibition of androstenone
synthesis. The target inhibition of CYP 17 was interesting, because CYP 17 activity is not
relevant in humans and residues were without consequences.
DAVIS and SQUIRES (1999) found in Yorkshire breed (95-150 kg weight) a correlation between
levels of the low molecular weight of CYB 5 and the concentration of 16-androstene steroids in
fat. They hypothesised that the selection of animals with reduced levels of CYB 5 would
decrease the rate of 16-androstene steroid production while maintaining the normal production
of sex steroids.
The second study by LIN et al. (2005b) was the first one investigating the genetic effect of a
SNP on the CYB 5 gene role of the androstenone level in fat. They identified a mutation, a
substitution from “G” to “T”, which caused a significant decrease of the CYPB 5 protein
expression. Hence, it was suggested, that the homozygote “T” allele was significantly
associated with lower androstenone levels whereas the “G” allele was significantly associated
with enhanced fat androstenone concentrations. This variation in CYB 5 could be used as a
marker for selection against 16-androstene.
PEACOCK et al. (2008) used samples of eight breeding lines, for a real time PCR-based test for
genotyping. They discovered a SNP of the c.-8T mutant in the CYB 5A enzyme. CYB 5A was
an ideal candidate gene for developing genetic markers for low boar taint, because CYB 5A was
involved in both androstenone and skatole metabolism coincidentally having no negative effect
on reproduction. The polymorphism of “G” to “T”, and especially the homozygous “c.-8TT”
mutant, had been linked with low fat androstenone levels but occurred infrequently and was not
found in some lines. It became apparent that the problem of boar taint was multifactorial.
Therefore, there will probably not be one single marker explaining boar taint.
Using Duroc and Landrace breeds, the association studies by GRINDFLEK et al. (2010)
featured only an association between SNP and androstenone levels in CYB 5 being cisregulated, but they estimated the effect of CYB 5 in selection slightly, because the frequency of
the favourable allele was very low.
In contrast to the results of LIN et al. (2005b) and PEACOCK et al. (2008), the androstenone
levels in fat were not affected by the CYB 5A genotype in the study by ZAMARATSKAIA et al.
(2008c) which used a Swedish pig population. Concentrations of androstenone were high in the
pigs from both genotypes “G” and the alleged low-frequent “T”. The effect of genotype was
rather dependant on live weight affecting androstenone in lighter pigs and skatole in heavier
pigs. Therefore, in Sweden, the practical application of genetic markers rested doubtfully
because of the lack of effects on androstenone.
Transcript expression assessed by real-time PCR revealed downstream effects of
transactivation of three nuclear receptors was investigated by GRAY and SQUIRES (2013a,
2013b). Yorkshire boars’ with 120 kg live weights were used. Transactivation of CAR, PXR and
FXR increased gene expression of CYB 5A, CYB 5R1, HSD 17B4 and RDH 12 and was
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correlated with a rising of androstenone levels. In addition, transactivation of CAR, PXR and
FXR decreased CYP 19A1 expression, and SULT 2A1 was down-regulated by CAR, PXR and
FXR decreasing clearance and raising accumulation of androstenone in adipose tissue. Only
PXR transactivation reduced androstenone concentration significantly (7.5 % after 24 hours of
incubation compared to 21.4 % with DMSO treatment) due to higher hepatic metabolism.
(Additional increased expressions of genes are listed in Table 2)
Enzymes and QTL for skatole and indole
In contrast to androstenone, selection against skatole seemed not to be achievable, because
the major gene was not phenotypically visible (BONNEAU 1997).
However, LUNDSTRÖM and MALMFORS (1993) suggested that a recessive gene with a
pronounced effect was responsible for the accumulation of skatole in back fat of entire male
Yorkshire pigs, slaughtered at 103 kg live weight. They hypothesised that a triggering function
of the environmental conditions, like feeding, resulted in a more readily expression of the
genetic disposition.
In a further investigation, LUNDSTRÖM et al. (1994) described two suppositions for the
development of high skatole levels in pigs. The first and supported hypothesis was that a
recessive gene, probably a major gene, from some sires was responsible for high skatole
levels. It required a triggering environment for the gene to express. The second thesis was of a
genetic drift, but it was immediately overruled, because the two selection lines differed with
regard on skatole levels already in the first and second generation. There was no hint of a major
gene’s existence affecting skatole equivalent levels (logarithmic transformed analysis) in the
study by PEDERSEN (1998) contradictory to the one by LUNDSTRÖM et al. (1994).
PEDERSEN (1998) used the breeds of Landrace, Large White, Duroc and Hampshire with 100
kg live weight, whereas LUNDSTRÖM et al. (1994) investigated the Yorkshire breed (103kg live
weight).
Because of a normal frequency distribution, there was no indication for a single major gene for
skatole in back fat of the Yorkshire, Landrace, Hampshire and Duroc breeds, but the existence
of genetic effects on skatole was confirmed by BABOL et al. (2004).
CYP 2E1, CYP 2A6, CYP 2A19, CYP 2C49, SULT 1A1, TS-PST and AO were important
enzymes for skatole metabolism and clearance and negatively correlate to concentrations of
skatole in adipose tissue depending on breed (DIAZ and SQUIRES 2000a; 2000b; LIN et al.
2004a; 2004b; 2006; OLIVER 2009; WIERCINSKA et al. 2012; ZAMARATSKAIA et al. 2012).
According to DIAZ and SQUIRES (2000a; 2000b; 2003), the enzymatic activities of CYP 2A6,
AO and TS-PST played an important role for the adequate metabolism for 3-methyl-indole
(skatole) and could be used as potential markers to identify pigs with low levels of skatole. They
examined samples of back-crossing F3 European Wild Pig × Swedish Yorkshire breeds (108 kg
live weight) using chemical inhibitors and protein immunoblot analysis.
Liver samples of Large White and Landrace breeds were investigated by DORAN et al. (2002b)
and they hypothesised that androstenone antagonised the binding of skatole to the transcription
factor. They assumed that skatole induced CYP 2E1 expression by binding to this specific
transcription factor and, as a result, led to an increased rate of skatole-metabolism. The results
confirmed that skatole was able to induce CYP 2E1 expression. DORAN et al. (2003), using
crossbreds of Large White x Landrace (LW x LR) and Meishan x Landrace (M x LR), proved this
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hypothesis of skatole accumulation being the result of the repression of CYP 2E1 expression by
high levels of androstenone.
LIN et al. (2004a; 2004b) investigated key enzymes of the skatole metabolism on the genetic
level using sequence and mutational analysis, and genetic polymorphisms were found by PCRSSCP in breeds with Yorkshire, Duroc, Landrace and Piétrain backgrounds and their
crossbreds. They identified a single base deletion in the CYP 2A6 that produces a nonfunctional enzyme which was associated with high levels of skatole in fat tissue. In case of the
SULT 1A1, there was a substitution of the nucleotide “A” to “G” identified within the SULT 1A1
gene coding region. This caused a significant decrease in the catalytic activity of SULT 1A1 in
vitro and led to higher skatole levels. The genetic modifications of the key enzymes were
recommended for the development of genetic markers used in a marker associated selection.
LIN et al. (2006) using PCR-SSCP, sequence and mutational analyses, found that a mutation in
an additional key enzyme, the CYP 2E1 in a variety of breeds, was not accurately defined. This
substitution from the “G” to “A” allele resulted in an amino acid change causing a significant
lower CYP 2E1 protein expression which in turn led to increased fat skatole levels. Therefore,
the “G” allele, being associated with lower fat skatole concentrations, could be used as a marker
for genetic selection.
SKINNER et al. (2006) refuted LIN et al. (2004a; 2004b) in the previously reported
polymorphism in CYP 2A6 and SULT 1A1 being associated with high skatole levels in pigs.
These polymorphisms appeared to be monomorphic in the tested population of Danish
commercial pigs. According to SKINNER et al. (2009) these previously described mutations in
CYP 2A6 and SULT 1A1 are, at best, rare and unlikely to be significant causes of high skatole
levels.
Expression of enzymes metabolizing skatole and androstenone is breed specific, therefore in
crossbreds of Duroc and Large White, but not in Piétrain, expression of CYP 2E1 protein was
negative correlated to skatole levels in adipose tissue (OLIVER 2009).
TAMBYRAJAH et al. (2004) first mentioned the transcription factor COUP-TF-1 in hepatic pig
cells. PCR and EMSA were used for detection and identification of regulatory DNA binding
proteins. They showed that the pigs’ CYP 2E1 promoter was activated by COUP-TF1 and
HNF-1. In vitro, androstenone decreased the promoter activity by inhibiting the binding of
COUP-TF1 to the promoter. This offered an explanation for the inhibitory effect of androstenone
on CYP 2E1 protein expression and the decreasing skatole metabolism. This finding was in
accordance with DORAN et al. (2002b; 2003).
CHEN (2007) used hepatocytes of a crossbred of 40 % Large White, 40 % Landrace and 20 %
Duroc, and he detected by real-time PCR that skatole in concentrations up to 100 nM, as well
as indole, induced CYP 2A6 protein expression being associated with high skatole metabolism.
In contrast to skatole, high androstenone levels of 500 and 1000 nM significantly inhibited
CYP 2A6 protein expression being associated with high accumulation of skatole in fat.
Investigating samples from Yorkshire and Landrace crossbreds ZAMARATSKAIA et al. (2007)
evidenced in an in vitro inhibitions study for the first time the restraint effect on CYP 2E1 and
subsequently the inhibition on skatole metabolism due to the competitive binding of
androstenone.
The investigation by ZAMARATSKAIA et al. (2012) demonstrated an age-related (90/115 kg live
weight) decrease of protein expression of CYP 2E1 and CYP 2A and, as a finding, increasing
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skatole levels in adipose tissue of boars (115 kg; Yorkshire x Landrace) with higher levels of
testicular steroids.
RASMUSSEN et al. (2011a) investigated liver samples in vitro of crossbred boars (Landrace x
Yorkshire and Duroc/130 kg slaughter weight) and data indicated a higher skatole metabolism
in female pigs resulting in lower skatole concentrations. They could demonstrate that CYP 2E1
dependent activity was inhibited to a greater extent by 3β-OH androstenol than by
androstenone.
RASMUSSEN et al. (2011b) evidenced for the first time that feeding entire male pigs (Landrace
x Yorkshire and Duroc) with dried chicory root for 16 days increased the hepatic skatolemetabolism through the induction of mRNA expression of CYP 1A2, CYP 2A and CYP 2E1.
Correspondingly, the protein concentrations of CYP 1A2 and CYP 2A, as well as the enzymatic
rates of MROD and COH, were elevated. Therefore, skatole levels were reduced by changing
metabolism on a genetic level and not due to the pre-biotic effect of chicory inulin.
Skatole was also influenced by the effect of three nuclear receptors CAR, PXR and FXR.
Transcript expression assessed by real-time PCR revealed downstream effects of
transactivation. FXR transactivation increased expression of CYP 2E1 by 1.29 fold and
decreased skatole by raising hepatic metabolism (GRAY and SQUIRES 2013b). Skatole
decreased the transactivation of CAR, PXR and FXR by lowering the expression of CYP 2B22
and CYB 5R1, but it did not affect androstenone production (GRAY and SQUIRES 2013a).
Additional increasing expressions of genes are listed in Table 2.
Table 2: Increased expressions of enzymatic genes after transactivation of nuclear
receptors [GRAY and SQUIRES (2013b)]
CYP 2A19
CYP 19A2

PXR
CAR,PXR, FXR

CYP 2B22
CYP 2C33
CYP 2C49
CYP 2E1

CAR, PXR
PXR; FXR
PXR
FXR

In the review of ZAMARATSKAIA and SQUIRES (2009), the findings of DORAN et al. (2002b)
and TAMBYRAJAH et al. (2004) were approved that androstenone was a potential competitive
inhibitor of CYP 2E1 activity in both male and female boars. The metabolic pathway of
androstenone and skatole seemed to be co-regulated through nuclear receptors. The
suggestion that one major metabolic gene was controlling boar taint was valued unlikely
(ZAMARATSKAIA and SQUIRES 2009). This was confirmed by an investigation by KOJIMA
and DEGAWA (2013) demonstrating that the serum androgen level is responsible for a
decreasing hepatic gene expression of CYP 2A19 and CYP 2E1 in pigs with Meishan and
Landrace backgrounds and at an age of five months.
2.1.3.2 Genetics on the chromosomal level
Gene mutation in chromosomes using genetic engineering has the potential to reduce or even
eliminate boar taint. Identifying the relevant genes, the trait of interest could be selected
indirectly using a marker assistant selection with a marker that is linked to the trait. DNA and
SNPs marker allele frequencies are the approaches of genetic breeding for a selection against
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boar taint. In order to explore the genetic control of boar taint compounds, QTL and SNPs are
searched. QTL are part of a chromosome that influence the manifestation of the phenotype
without graduation and are used as markers. Following the QTL allele, by using marker assisted
selection, could simply fix the trait or gene in a population (MEADUS 1998). SNP is a DNA
sequence variation at a locus where more than one nucleotide is segregating among individuals
(ERNST and STEIBEL 2013). SNP described variation of single base pairs in the DNA.
Candidate genes were selected according their expected physiological function and their map
location near QTL. DNA segment variants being associated with the expression of a transcript
were called eQTL (ERNST and STEIBEL 2013). Microsatellites known as short tandem repeats
(STR) or simple sequence repeats (SSR) are short and simple DNA/base pair’s sequences that
are repeated in the genome and are used as markers for gene analysis.
The report of the EFSA (2004a; 2004b) focused the attention on QTL for androstenone and key
enzymes of the metabolic pathway of skatole, as well as for androstenone, in order to find
genetic markers for a marker associated selection against boar taint. BONNEAU and PRUNIER
(2005) considered the selection of pigs with low levels of skatole possible while selection
against androstenone seemed not to be feasible. All in all, the marker-associated selection was
regarded as potentially successful.
The PIGCAS Project (2008) summarised different studies and showed a large variation in the
results for identification of QTL for boar taint. QTL for androstenone could not be detected in
one of the candidate chromosome regions. The effects of the polymorphisms vary among the
different lines and breeds. Therefore, it was demanded for a quantification of SNPs in candidate
genes for boar taint in every breed. The most likely result is that, there was not one major gene
controlling boar taint. The methods of transcriptome analysis, microarrays and proteomic
analysis could probably identify differences in the gene expression that are responsible for the
trait of interest. The gaps and weaknesses in knowledge of genetics were, on the one hand, the
lack of reporting of the sexual development included in the studies, and on the other hand, the
absence of additional candidate genes for the developing of genetic markers, as well as QTL
and SNPs being validated in the same commercial pig population. The future developments in
genetic selection against boar taint and the ability for rapid detection of tainted carcasses as
well as a larger public acceptability were viewed as the most economical and favourable longterm solutions by 57 experts (PIGCAS 2008).
ROBIC et al. (2008) followed the same line and mentioned that the identification of genes
involved in QTL against boar taint appeared to be complex and difficult. They required a fine
mapping and characterisation of QTL on a larger panel of pig population. Nevertheless, the
molecular approaches probably did not provide the entire answer for a solution against boar
taint. They hoped for the availability of the entire porcine sequence for analysing all target
promoters. The entire porcine genome sequence was decoded in 2009 for the Duroc breed
(http://www.sanger.ac.uk/about/press/2009/091102.html).
KNOL et al. (2010) showed in a validation study simulating genetic selection a significant
reduction in the level of boar taint and a decrease in the variance around the average level.
EFSA (2011) drew the comprehensive conclusion from different reports that the effects of the
QTL and the polymorphism of the genes were very slightly pointing to the fact that boar taint
must be the product of small effects of many genes.
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The linkage analysis used flanking markers and pedigree information in order to estimate the
QTL genotype (ERNST and STEIBEL 2013). Linkage analysis (LA) is replaced by association
mapping based on Linkage Disequilibrium (LD) using high-density SNPs data. This Genomewide association (GWA) examined many DNA variants in different individuals in order to detect
an association with a particular phenotype. GUNAWAN et al. (2013) used the transcriptome
sequence analysis in order to identify differently expressed genes. Furthermore, they could
associate these genes with divergent levels of androstenone or skatole.
The review of ROBIC et al. (2014) described showed that the porcine genome includes one
CYP 11B gene, one HSD 3ß gene and three CYP 19A genes in contrast to the human genome.
They characterised the complete genomic and transcript sequences of porcine CYP 11B gene
and analysed AKR1 gene clusters (4 AKR 1C; 1 AKR 1C like gene; 1 AKR 1E2 gene). Because
genes were not orthologous to human genes, a new nomenclature was required.
Genetic features for lowering androstenone and boar taint levels
In the following important chromosomes were mentioned:
Highly significant QTL for fat androstenone levels were evidenced on chromosomes 3, 4 and 7
(BIDANEL et al. 2000) using a likelihood procedure together with pedigree data. The same
working group reported a summary of significant studies of QTL mapping in pigs. They
abstracted that there were six genome-wide significant QTL for fat androstenone detected in
Meishan x Large White F2 males on chromosomes 3, 4, 7 and 14 and at the end of the long
arm of chromosomes 6 and 9 with the pronounced effects primarily on chromosomes 7 followed
by chromosome 3, 14 and 4 (BIDANEL and ROTHSCHILD 2002).
QUINTANILLA et al. (2003) conducted the first and probably most important genome scan in
pigs of Large White and Meishan breeds for fat androstenone revealing significant gene effects
on chromosome 3, 7 and 14 explaining 6-15 % of the phenotypic variance, as well as on
chromosome 4, 6, and 9 accounting for only 4-7 % of the variance. No evidence of linked QTL
or imprinting effects on androstenone level was found across the entire porcine genome. They
considered the QTL of the steroids CYP 21 and CYP 11A on chromosome 7 as possible
candidate genes. On these loci, no mutations were observed.
The often-quoted study by LEE et al. (2005) used software calculation for QTL analysis for
investigations of the same crossbred pigs (Large White and Meishan; 85 kg slaughter weight)
as also used in the study by QUINTANILLA et al. (2003). In the results of these studies, there
were two significant agreements on chromosome 4 and 7. The investigation by LEE et al (2005)
was the first study on the genetic control with regards to boar taint detected by a trained
sensory panel. All three components, androstenone, skatole and indole were considered, and
QTL for boar flavour traits were discovered in an interval on chromosome 6. A QTL for
measured androstenone levels was estimated in the same interval. Additional QTL were
detected for laboratory estimated androstenone levels on chromosomes 2, 4, 7 and 9. No
evidence for a major gene was found proving that the genetic control of boar taint is more
complex (LEE et al. 2005).
But in contradiction to QUINTANILLA et al. (2003) and LEE et al. (2005), who used Large White
and Meishan crossbreds, no QTL for fat androstenone was found by VARONA et al. (2005) in
Landrace pigs although mapping to similar genome regions was done. They used the Bayesian
Analysis method, a polygene model (Bayes factor) with and without QTL effects.
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SSC, QTL, SNP and candidate genes were mentioned as follows for a more detailed insight:
SINCLAIR et al. (2006) confirmed the results of SINCLAIR and SQUIRES (2005) in the
Yorkshire breed performing molecular cloning with PCR, SSCP and sequence analysis. They
considered SULT 2A1, a key enzyme involved in the sulfoconjugation of the 16-androstene
steroids, to be a potential candidate gene for genetic markers for selection animals with low
boar taint. The differences in enzyme activity of SULT 2A1 were not the result of genetic
polymorphisms in the coding region but dependent on the level of SULT protein expression
increased by ligands which activate the following nuclear receptors: CAR, PXR and FXR
(SINCLAIR et al. 2006).
In order to detect potential molecular markers for reducing boar taint, MOE et al. (2007b)
identified new pathways and genes involved in the biosynthesis and metabolism of
androstenone not formerly described in this aspect. They used a porcine cDNA microarray
study (Landrace and Duroc breeds), and besides the enzymes, important nuclear receptors,
androgen receptors and factors of translation and transcription were revealed as summarised in
Table 3.
Table 3: Conjugation enzymes involved in the biosynthesis and metabolism of
androstenone [MOE et al. (2007b)]
AKR 1C4
ALAS1
CYB 5
CYP 11A1
CYP 17A1

Aldo-keto reductase family 1, member C4
Aminolevulinate, delta-, synthase 1
Cytochrome b-5
Cytochrome P450 11A1
Cytochrome P450 17A1

CYP 19A2/1
FDX1

Cytochrome P450 19A 2/1
Ferredoxin

GSTO1

Glutathione S-transferase omega

HSD 17B4
MGST1
SMPD1
STAR
SULT 2A1

17-beta-hydroxysteroid dehydrogenase IV
Glutathione S-transferase
Sphingomyelin phosphodiesterase 1
Steroidogenic acute regulatory protein
Sulfotransferase family, cytosolic, 2A, member 1

SULT 2B1

Sulfotransferase family 2 isoform B1

The first association study was conducted by MOE et al. (2009) comparing Duroc and
Norwegian Landrace boars. SNPs in CTNND1, CYP 2C49, CYP 2D6 and NGFIB were
significantly associated with concentrations of androstenone in adipose tissue in Duroc boars.
The polymorphisms of the enzymatic genes, mentioned in Table 4, were not associated with
any other examined phenotypes and were, therefore, possible genetic markers for selection
without affecting reproduction. 2.5-16.3 % of the variance could be explained by individual
markers.
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Table 4: Qualified candidate genes for genetic selection against androstenone, skatole
and indole in Duroc (D) and Norwegian Landrace (L) boars [MOE et al. (2009)]
CTNND1
CYP 21

Androstenone and some other biological regulations
Skatole and indole, not androstenone

In D
In D, not in L

CYP 2E1
Skatole and indole, not androstenone
CYP 2C49 Only androstenone

In D and L
In D

CYP 2D6

Only androstenone

In D

NGFIB

Only androstenone

In D

Table 5 shows SNPs of genes not qualified for genetic selection because of an association to
other phenotypes (MOE et al. 2009).
Table 5: Not qualified genes for genetic selection against androstenone, skatole and
indole in Duroc (D) and Norwegian Landrace (L) boars [MOE et al. (2009)]

AKR 1C3

Association with reduced levels of estrone sulphate and
estradiol

In D

BAP1

Association with reduced levels of testosterone

In plasma of L

HYAL2

Association with reduced levels of testosterone

In plasma of L

SRD5A2

Association with reduced levels of estrone sulphate

In plasma of L

In the ALSCADE report by OLIVER (2009), a mutation of the “T” allele in gene ‘73’ being
correlated with low androstenone concentrations in adipose tissue was described. This
relationship was closer in crossbred Large White x Piétrain than in purebred Piétrain.
GRINDFLEK et al. (2010) performed a real-competitive PCR analysis and suggested not only
one, but several genes to be important in the regulation on androstenone levels and analysed
candidate genes to be regulated differently, either up or down, in breeds of Duroc and
Norwegian Landrace (Table 6).
DUIJVESTEIJN et al. (2010) investigated a commercial Duroc-based sire line using the GWAS
and revealed that androstenone levels in fat tissue were significantly affected by 37 SNPs,
especially on pig chromosomes SSC 1 and SSC 6. When considering these 37 SNPs, the most
five significant ones together explained 13.7 % of the genetic variance in androstenone, and on
SSC 6 there was a larger region containing genetic elements affecting the androstenone level.
Already known candidate genes (CYP 2A19, SULT 2A1; SULT 2B1) were confirmed and new
genes influencing the pathway of synthesis and metabolism of androstenone were detected
(namely members of the cytochrome P 450 CYP 2 gene subfamilies (CYP 2A6) and the
HSD 17B14). Additionally, the gene encoding for the β-chain of LH, inducing the steroid
synthesis at puberty, mapped on SSC 6 and the genes encoding for the α-chain was located on
SSC 1. This was the first report showing an association between SSC 1 and androstenone for
boar taint traits. However, there was no overlapping of major gene regions identified by
DUIJVESTEIJN et al. (2010) with candidate genes previously reported by MOE et al. (2007).
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Table 6: Candidate genes of androstenone being regulated up and down in boars of
Duroc (D) and Landrace (L) breeds with high androstenone levels [GRINDFLEK et al.
(2010)]
AKR 1C4
CYB 5A

Aldo-keto reductase family 1 member C4
Cytochrome b5

Up in D and L
Up in D and L

CYP 11A1

Cytochrome P450 subfamily XIA polypeptide 1

Up in D and L

CYP 17A1
CYP 19A2
CYP 21
DHR S4

Cytochrome P450 c17
Cytochrome P450 c19A2
Cytochrome P450 21
Short-chain dehydrogenase/reductase family member 4

Up in D and L
Down in D
Down in L
Up in D and L

FTL

Ferritin light polypeptide

Up in D and L

HSD 17B4
HSD 3B

17-beta-Hydroxysteroid dehydrogenase IV
3-beta-Hydroxysteroid dehydrogenase

Up in D and L
-

NCOA4

Nuclear Receptor co-activator 4

-

SMPD1
STAR

Sphingomyelin phosphodiesterase 1
Steroidogenic acute regulatory protein
Sulfotransferase family 2A, dehydroepiandrosteronepreferring member 1
Progesterone receptor membrane component 1

Up in D and L

SULT 2A1
PGRMC1

Up in D and L
Up in D

KIM et al. (2013) identified eight SNPs in the 3β-HSD gene by sequence analysis of Duroc pigs
(88.7 kg carcass weight) and genotyped four of these SNPs by the PCR-restriction fragment
length polymorphism method (PCR-RFLP). Because of a 1.5 fold higher 3β-HSD mRNA
expression, significantly lower concentrations of androstenone in adipose tissue (0.35 ppm)
were revealed in pigs with a GG genotype at the SNP5 locus than in pigs with other genotypes
(GA, AA). In 3β-HSD, the GG genotype of SNP5 of Duroc boars was recommended as a
selective marker for marker associated selection for a low accumulation of androstenone.
In contradiction to DUIJVESTEIJN et al. (2010), KARACAÖREN et al. (2009; 2010) detected no
marker for androstenone concentrations in Danish Landrace boars using the new GWAS.
A Canadian research group investigated eight different lines comprising of six breeds (Duroc,
Hampshire, Landrace, Large White, Piétrain and Yorkshire) (SQUIRES and SCHENKEL 2010).
They validated about 80 SNPs in 28 candidate genes using statistical regression analysis.
However, the number of significant SNPs and the strength of the association from a candidate
gene to androstenone or skatole varied among the eight lines. For instance, in the Piétrain line
51 % of the androstenone variance was accounted for by 12 SNPs while in the Hampshire line,
3 SNPs explained 13 % of the androstenone variance. On average for all breeds, the SNPs
explained about 28 % of the androstenone variance. Application of the markers to produce
homozygous pigs with favourable alleles would decrease average fat androstenone levels from
26 % to 61 % depending on the line. Furthermore, none of these markers were associated with
negative effects on reproduction traits.
Investigating the French Large White population with a combination of statistical methods and
LDLA, LE MIGNON et al. (2010) detected significant QTL for androstenone levels. There were
seven QTL for androstenone on SSC 1, 9, 11 and13, but the most QTL with a significant effect
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were located on SSC 1 and 13. In contradiction to FOUILLOUX et al. (1997) while investigating
the same breed, no QTL could be nominated as a major gene. They concluded that QTL
regions detected for boar taint were probably population-specific.
LEUNG et al. (2010) performed a DNA microarray study with two-colour hybridisations and
detected a significant up-regulation of 53 genes in boars with high boar taint and a downregulation of four genes. Comparing the investigated Yorkshire breed with Duroc and
Norwegian Landrace (MOE et al. 2007b), twelve genes were over-expressed in all three breeds
with high androstenone levels in the animals (see Table 7).
Although results varied between the different studies (DUIJVESTEIJN et al. 2010;
QUINTANILLA et al. 2003; LEE et al. 2005; LE MIGNON et al. 2010; VARONA et al. 2005),
there were corresponding QTL on SSC 3, 6, 7 and 14 in the investigation by LEUNG et al.
(2010).
Table 7: Genes being over expressed in all three breeds (Yorkshire, Duroc and
Norwegian Landrace) with high androstenone levels [LEUNG et al. (2010)]
CYB 5
CYP 11A1

Cytochrome B5
Cytochrome P450 11A1

CYP 17A1
DHR S4
FDX 1
FTL
HSB 17B4
IDI 1
PRDX 1

Cytochrome P450 17A1
Carbonyl reductase/NADP-retinol dehydrogenase
Adrenodoxin
Ferritin light polypeptide
17-beta-dehydrogenase 4
Isopentenyl-diphosphate delta-isomerase1
Peroxiredoxin-1

RDH 12

Retinol dehydrogenase 12

STAR
SULT 2A1

Steroidogenic acute regulatory protein
DHEA preferring hydroxysteroid sulfotransferase 2A1

GRINDFLEK et al. (2011a; 2011b) used the high-density GWAS for the first time in combination
with LDLA to identify QTL for androstenone in the Landrace and Duroc breeds. In the first study,
14 QTL regions were significant for androstenone in Landrace and Duroc, respectively. Seven
of these QTL regions were existent in both breeds placing on SSC 1, 2, 3, 7 and 15. But, the
majority of QTL were specific for breed and SNPs need to be designed for each breed
separately (GRINDFLEK et al. 2011a). Newly discovered QTL regions were located at SSC 2b
and 5 (QTL for androstenone) and SSC 15 and 18 (QTL for boar taint trait). The most QTL for
androstenone affected both androstenone and estrogens being challenged to the realisation of
breeding. All 14 QTL for androstenone in the Landrace boars affected estrogens on
chromosomal and on genomic levels. In contrast, three of the 14 androstenone-QTL in Duroc
pigs, located on SSC 4, 5a and 6, had no influence on estrogens and might, therefore, be very
interesting for breeding schemes.
The second GWAS by GRINDFLEK et al. (2011b) revealed 27 significant regions at a genome
wide level and additional seven regions to be significant at a chromosomal level. Using the
LDLA study, seven regions were significant at a genome-wide and at a chromosomal level, as
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well. Androstenone, testosterone and estrogens were affected by five regions on chromosome
3, 4, 13 and 15. This was the first-time that QTL were reported on chromosome 15.
Interestingly, one region on chromosome 6 affected plasma androstenone only. However, there
was no effect on androstenone concentrations in adipose tissue. This GWAS included, for the
first time, both boar taint compounds and reproduction-related hormones.
GREGERSEN et al. (2012) conducted a GWAS for boar taint compounds by using Duroc (D),
Danish Landrace (L) and Yorkshire (Y) breeds. Summarising, 28 confirmed QTL were found,
out of 46 suggestive QTL, 25 haplotypes and three single markers. 40 % of the haplotypes were
in accordance with previously identified regions. The analysis identified QTL affecting
androstenone in fat on SSC 2 (in L), SSC 3 (in D), SSC 5 (in D), SSC 6 (in D), SSC 7 (in L),
SSC 11 (in L, Y), SSC 12 (in D, L, Y) and SSC 14 (in D, Y). The most promising haplotype
located on SSC 1 was highly presented in Landrace which explained 16.8 % of phenotypic
variance and was placed around the gene CYB 5A. Besides CYB 5A, the genes SRD5A2,
LOC100518755 and CYP 21A2 were candidate genes for androstenone, either in Duroc or
Landrace. However, between the breeds there was a slight overlap of QTL of androstenone and
skatole (SSC 6, 12 and 14) in this study probably due to the different breed specific distribution
of the boar taint traits and in relation to possible fixed alleles.
DUIJVENSTEIJN et al. (2012) recommended the consideration of a social environment, if
breeding and selection against androstenone are performed, because the explained variance of
non heritable social effects was 4 %, while the associative effects explained 12 % of the total
genetic variance. However, the associative effect (σ2AS= 0.002 log AND) received only a small
share compared to direct genetic variance (σ2AD= 0.35 log AND).
GUNAWAN et al. (2013a) used the RNA deep sequencing (transcriptome and polymorphisms
analysis) combined with association analysis and found different expressed genes in testis and
liver tissue of crossbred pigs (Duroc x (Large White x (Leicoma x German Landrace))) with an
average slaughter live weight of 90 kg. The up regulated gene DKK 2 and the down regulated
genes KRT82 and CYP 2B22 in testis samples were found to be functional genes in association
to androstenone metabolism. The most regulated functional genes for androstenone
metabolism in liver tissue were the up regulated candidate genes LOC100512122,
LOC100511195 and IP6K1 and the down regulated gene HSD 17B2. Several chromosomes
and genes were revealed in tissue and data are shown in Table 8.
Table 8: Revealed chromosomes and genes in tissue of testis and liver [GUNAWAN et al.
(2013a)]
Testis SSC 3
SSC 4
SSC 7
SSC 13
SSC 14

Liver SSC 4

HBA2,
LOC100516362, IRG6
CD244
DSP, ARG2
MX1
IFIT2

SSC 5
SSC 7
SSC 9
SSC 14

CYP 7A1
KRT8, KRT 18, HAL
HiST1H4K, CDKN1A
TSKU, NNM1
MBL2, SDS

There were several consensuses in the regions of genes in the investigations by GRINDFLEK
et al. (2011a), GREGERSEN et al. (2012), LEE et al. (2005) and QUINTANILLA et al. (2003).
Potential candidate markers for androstenone levels in boars could be mutations in the IRG6,
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MX1, IFIT2, CYP7A1, FMO5 and KRT18 genes which could be used for genomic selection
(GUNAWAN et al. 2013a).
The androstenone QTL on SSC 6 was confirmed and narrowed down from 3.75 Mbp to
1.94 Mbp by HIDALGO et al (2014a). In this gene-dense region, they found the same set of
haplotypes with consistently replicated effects on androstenone across several populations.
Therefore results are very useful for breeding programs. In addition, a difference in expression
between C over T allele were found for a variation within SULT 2A1, being associated with
haplotype 2. The haplotype 1 was associated with low androstenone and originated from Asian
breed (HIDALGO et al. 2014a).
A supervised independent component regression method confirmed estimated SNP marker
effects for androstenone on chromosome 6 and 14 in commercial pig line (AZEVEDO et al.
2014), while ROWE et al. (2014) found significant effects on androstenone levels in Landrace
pigs associated with SNP on SSC 5. The SNP H3GA0016037 explained 4 % of phenotypic
variance. The SNP ASGA0025097 located within the RDH 5 and RDH 16 gene region.
Genetic features for lowering skatole and indole levels
SKINNER et al. (2005) identified in pig samples of the Large White and Meishan breed six
SNPs within the CYP 2E1 gene and its promoter, as well as a microsatellite marker tightly
linked to the CYP 2E1 gene, performing sequence analysis and PCR. Using one of these
markers the CYP 2E1 gene on chromosome 14 was mapped, but well outside the reported QTL
for skatole, indole and boar taint. An association between a SNP in the CYP 2E1 promoter and
skatole deposition was evidenced in commercial pigs but not in the experimental cross.
The first association study was conducted by MOE et al. (2009) comparing Duroc boars with
boars of the Norwegian Landrace. Significant marker effects for skatole and indole in adipose
tissue, listed in Table 4, were found in CYP 21 for the Duroc breed and in CYP 2E1 for both
breeds: Duroc and Landrace.
As mentioned above, the Canadian research group of (SQUIRES and SCHENKEL 2010) used
statistical regression analysis in eight pig breeding lines. In regards to skatole levels, the
numbers of significant SNPs and the strength of the association from candidate gene to skatole
varied among the eight lines. While 59 % of skatole variance was explained by 13 SNPs in
Duroc line, only five SNPs accounted for 9 % of skatole variance in Large White x Duroc
crossbreds. Similar to the androstenone variance (28 %), the SNPs explained about 33 % of the
skatole variance on average for all breeds. Depending on the line, the application of the
markers (homozygous pigs) would decrease average fat skatole levels from 20-54 %.
The above described experimental design by LEE et al. (2005) used a software calculation for
QTL analysis (Large White x Meishan pigs; 85 kg slaughter weight) and considered all three
boar taint components together with a sensory evaluation. They revealed that skatole and
indole were better predictors of boar taint.

The strongest evidence for QTL which affected skatole and indole was found on
chromosome 14 and QTL effects were consistent from laboratory measures and
sensory evaluations. These QTL have a high potential to decrease the boar taint
incidence as well as a QTL on chromosome 13 (LEE et al. 2005). Results were in
agreement with findings of AZEVEDO et al. (2014). They found SNPs for skatole levels
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in chromosome 13 and 14, using a supervised independent component regression
method in a commercial pig line.
Additionally, QTL for fat skatole levels after genotyping (PCR and Electrophoresis) was found
by VARONA et al. (2005) in SSC 6 of Landrace breed. This QTL could be used for a marker
assistant or even a gene assistant selection after identifying the causal mutation.
The GWAS was used for the Danish Landrace by KARACAÖREN et al. (2010). They identified
three SNPs in CYP 2E1, CYP 2E2, TXNL and STSG with significant effects of boar taint/skatole
on chromosome 14. The effects in CYP 2E1, CYP 2E2, TXNL and STSG explained phenotypic
variances attaining 4.79 %, 5.19 %, 4.11 % and 5.97 %, respectively.
These conclusions were consistent with LEE et al. (2005), who found QTL for skatole and
indole on SSC 14, and SKINNER et al. (2005), who mapped CYP 2E1 on SSC 14, however,
beyond the QTL for skatole, indole or boar taint. But the results varied with the findings of
VARONA et al. (2005) describing for the first time a QTL for skatole on SSC 6.
LE MIGNON et al. (2010) detected significant QTL for skatole with a combination of statistical
methods and LDLA while investigating French Large White pigs. For skatole, eight QTL were
found on SSC 1, 3, 7, 8, 9, 13 and 14, in turn, the most significant QTL with a large effect were
placed on SSC 1, 8, 9, and 14.
Using the GWAS in the Duroc breed, RAMOS et al. (2011) revealed 16 new SNPs grouped in
three separate clusters located only on chromosome 6 and being associated with skatole levels.
No candidate genes were identified. With a SNP marker in the second cluster, animals with
genotype “GG” had skatole levels more than double to that of genotype “TT”. And in the third
cluster, it was the genotype of “GG” that greatly exceeded the skatole level observed in animals
with the genotype “AA”. The best haplotype for the three SNPs would be T–G–A in order of
location. On SSC 6, there were two enzymatic genes, the HSD L1 and COX 4I1, being
associated with boar taint and high skatole levels, respectively.
MÖRLEIN et al. (2012b) found a SNP in the gene of CYP 2E affecting skatole and indole levels
in two commercial Duroc-sired crossbred populations. The genotype “CC” had the highest
average skatole levels (0.175 ppm) compared to “TT” (0.093 ppm). Therefore, applying the
marker associated selection of the genotype “TT” would reduce skatole levels in carcasses.
However, androstenone concentrations were not influenced (MÖRLEIN et al. 2012b).
GRINDFLEK et al. (2011a) used the high-density GWAS for the first time in combination with
LDLA to identify QTL for skatole in Landrace and Duroc breeds. Ten of the QTL in Landrace
and four of the QTL in Duroc were located on SSC 1, 5, 6, 7, 10, 11, 13 and 14, with
consistencies in four QTL in both breeds. Additionally, newly described QTL for skatole were
located on SSC 5, 10, 11 and 14. QTL for skatole did not negatively affect sexual hormones.
The second GWAS by GRINDFLEK et al. (2011b) revealed 27 significant regions at a genomewide level and an additional seven regions to be significant at a chromosomal level. Using the
LDLA study, seven regions were significant on a genome-wide level and at chromosomal level,
respectively. The largest effects on skatole and indole in fat were obtained in six QTL on
chromosomes 1, 2, 3, 7, 13 and 14.
In the above mentioned GWAS by GREGERSEN et al. (2012) using Duroc (D), Danish
Landrace (L) and Yorkshire (Y) breeds, 28 confirmed QTL, out of 46 suggestive QTL, 25
haplotypes and three single markers were summarised. Genome regions affecting skatole in fat
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were detected on SSC 3 (in D) and SSC 9 (in L, Y). The regions affecting indole were identified
on SSC 6 (in L), 10 (in D), 11 (in L), 14 (in L, Y) and 15 (in L), whereas QTL affecting the
skatole to indole index were found on SSC 5 (in D, L), SSC 6 (in Y), SSC 7 (in Y), SSC 8 (in Y)
and SSC 14 (in L). SULT 1A1 on SSC 3 and SSC 9 as well as CYP 2E1 on SSC 14 were
candidate genes for indole levels. In the case of skatole as well as indole, the authors pointed
out that there were “false” low genetic trait values if the bacterial load was slight and hence,
skatole levels were low (GREGERSEN et al. 2012).
Differently expressed genes in liver tissue of crossbred pigs (Duroc x (Large White x (Leicoma x
German Landrace))) with high and low skatole contents in back fat were found by GUNAWAN
et al. (2013b) using the RNA deep sequencing technique (transcriptome and polymorphisms
analysis) combined with association analysis. The top two up regulated genes in liver tissue
were SERPINA12 and KRT8. The gene variation analysis detected polymorphisms in the
following candidate genes on SSC 5: KRT8, ATP; on SSC6: PGM1, CYP4A25, PRDX1; on
SSC7: SLC22A7, DHRS4 and on SSC 15: IDH1. SERPINA12, KRT8, CYP 4A25, COX 5A,
SLC 22A7, PRDX1 and HSD 17B2 were additional candidate genes. GUNAWAN et al. (2013b)
suggested that differential processing of RNA influenced the skatole levels, because differential
expressions of the exons for ATP5B, KRT8 and PGM1 genes were found in pig groups with low
skatole levels. Mutation in ATP5B, KRT8, PGM1, SLC22A7 and IDH1 genes were identified as
potential genetic markers for skatole levels in boars that might be used for a genetic selection.
Results for RAMOS et al. (2011) of QTL for skatole levels on SSC 6 were in accordance with
the results by VARONA et al. (2005) and LEE et al. (2005), but it could not be detected if the
QTL found by LEE et al. (2005) were initiated by the same genes or mutations like in the study
by RAMOS et al. (2011). However, many of the previous studies did not match with the
localisations found in the study by GRINDFLEK et al. (2011a).
HIDALGO et al. (2014a) explained the difficulty in fine mapping even across the breeds with the
relative recent introgression of the Asian haplotypes into European pigs, combined with a low
recombination rate in the genomic region.
In accordance with other studies (MÖRLEIN et al. 2012b; SKINNER et al. 2005), results of
ROWE et al. (2014), using a GWAS analysis and a “regional heritability approach”, showed a
significant effect of the SNP (SIRI0000194; previously reported as AJ697882_2412) on SSC 14
on skatole levels. This SNP explained 5 % of the phenotypic variance and lied within the
candidate CYP 2E1 gene region. Another SNP (MARC0040638) located on SSC within the
HSD 17B2 gene was also significant.
These data show that there is a genetic influence on boat taint. The results drawn out of this
data are present in the chapters 3.1.4 and 3.1.5 of the Discussion and 4.1 of the Conclusion.

2.2 Sperm-sexing
Sperm sexing means the sorting of sperm after their sex chromosomes. Sperm sexing
techniques would solve the problem of boar taint and eliminate the need for surgical piglet
castration through the production of solely female piglets.
The first successful attempt to produce litters after sorting X- and Y-chromosome-bearing sperm
was performed by JOHNSON (1991). The flow cytometry was used for sorting (JOHNSON et al.
1988) and insemination was done surgically. 74 % female offspring was achieved by
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insemination with viable flow-sorted X-bearing sperm (JOHNSON 1991) while RATH et al.
(1996) reached the predicted gender in 85 % of piglets.
The flow cytometry is a commercial available method which sorts X- and Y-chromosomes based
on different DNA content which is 3.6 % higher in X-bearing pig sperm cells (EFSA 2004a;
2004b; HOFMO 2006). The Beltsville Sperm Sexing Technology (BSST) includes a flow
cytometer and a cell sorter. The technique is based on a laser light that illuminates fluorescently
labelled sperm relative to their DNA content (HOFMO 2006; JOHNSON et al. 2005), and the
cells are then sorted according to their different charges received in passing by (HOFMO 2006).
15 -18 million (106) sperm per hour can be sorted for the X-chromosome only by this technique
with a success rate of 75 % to 95 % in shifting the gender of offspring (HOFMO 2006;
JOHNSON 2000; JOHNSON et al. 2005).
Other attempts for sex sorting focused on the surface proteins in order to produce antibodies for
agglutination of X- or Y-chromosome bearing sperm cells which were separated by magnetic
beads (HOFMO 2006). This method would provide a large scale separation process. However,
1.000 surface proteins have been mapped, but no differences were detected between proteins.
Nevertheless, BLECHER et al. (1999) were successful in founding different protein cell surfaces
and developed specific surface antibodies in order to bind and to sort sex-chromosome specific
proteins. CUMMING (2006) reported about a new high-volume sperm separation technology for
semen sexing acting at the cell surface that was developed by Ovasort Ltd Cambridge, a UK
based Company. X-bearing chromosomes sperm cells are bound together by specific
molecules. Therefore the unbound Y-bearing chromosomes are free to be filtered. The
agglutinated female cells can then be de-agglutinated in order to achieve female enriched pig
semen. This technique is not yet on the market.
Until now, the main limitations to commercial use of sperm sexing have been the anatomical
and physiological characteristics of female pigs which need a high number of sperm for intracervical insemination [2.5 billion (109) sperm per dose], in combination with the low sperm
output of a sorter with 15 million (106) per hour (GROSSFELD et al. 2005, VAZQUEZ et al.
2008). Depositing sperm deep into the uterine horn, close to the utero-tubal junction, requires a
minimal amount of 50 million sperm per dose (RATH et al. 2003).
The main imperfections with sex-sorted sperm are lowered fertility, a high rate of early
pregnancy loss (BATHGATE et al. 2008), high costs and only 90 % accuracy for success
(SEIDEL et al. 2003).
Before a routine insemination with sexed sperm could be used in pig production, further
development of insemination techniques, higher efficiency for cell sorting and the reduction of
cell damage caused by sorting and increasing storage time for sorted sperm cells are needed
(GROSSFELD et al. 2005; HOFMO 2006). THUN et al. (2006) demurred that the raising of
female pigs only would be less efficient in production and would result in less lean meat per
carcass.
Alternative insemination methods, such as the intracytoplasmic sperm injection (PROBST and
RATH 2003), the in vitro fertilisation (RATH et al. 2003) or the embryo transfer (EFSA 2004a;
2004b), are still not yet commercially available in the pig industry.
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2.3 Killing of newborn male piglets
Two studies mentioned briefly the killing of piglets, like it is done with male chicks in the laying
hens industry. PRINZ (1939) reviewed the methods for prevention to the rising of cryptorchids.
The preventive basis was the slaughtering of cryptorchid piglets and the castration of
cryptorchid boars. When it came to the topic of boar fattening in the consumer evaluation by
HEID et al. (2011), it was questioned if the slaughters at an earlier time would solve the problem
of boar taint. Proposals ranged from production of suckling pigs to killing of newborn male
piglets. HEID et al. (2011) let it pass without comment.
In the laying hens industry, costs of rising male chicks are in no correlation to the very low
profits of carcasses of these male animals making the killing of newborn male chicks profitable
in the fowl industry. In the swine industry, the gaining for male carcasses is higher than in the
fowl industry and costs of rising and profits for carcasses are around the break-even point.
Apart from that, killing of pigs without good reasons would violate § 1 of German law on animal
welfare.

2.4 Fattening of boars
The following chapter deals with the raising and fattening of boars and examines arrangements
of feeding and housing in order to control boar taint. Details of race, basic feeding, like diet
composition, energy and crude protein content and an overview of concomitant housing is listed
in Table 25 of the Annexe.
2.4.1

Feeding of boars – literature review

Various feeding strategies are known to influence the concentration of boar taint compounds
and sensation. The effect of feed interventions was the topic of a number of scientific reviews
(BONNEAU 1998; BONNEAU and SQUIRES 2001; BRACHER-JACKOB 2000; EFSA 2004a,
2004b; 2011; JENSEN 2012; PIGCAS 2008; ZAMARATSKAIA 2004a; ZAMARATSKAIA and
SQUIRES 2009).
While androstenone content in fat is mostly determined by genetic factors and only moderately
changed by nutritional intervention, several authors assess that only skatole and maybe indole
levels in the fat of carcasses could be influenced by feeding and rearing conditions (BONNEAU
1997; BONNEAU and SQUIRES 2001; CLAUS et al. 1994; EFSA 2011; JENSEN 2012;
KAMPHUES and BELSCHER 2010; PAULY and BEE 2007; PAULY et al. 2008; WEILER et al.
1995; ZAMARATSKAIA 2004). However, it seems that skatole levels could not be reduced to
zero, but the reduction to a minimum level is realisable (BRACHER-JAKOB 2000).
Nevertheless, some authors assume a slight reduction of androstenone levels in plasma after
feeding diets containing FOS and RPS. However, results were not significant (HANSEN et al.
2006; LUNDSTRÖM and ZAMARATSKAIA 2006).
With the current information available, it is not known if the feed structure, like pelleted, meal or
gorse, has any influence on boar taint compounds (JENSEN 2006). Development of definite diet
strategies in practise are missing (PIGCAS 2008), and despite positive feeding effects on the
reduction of skatole levels, there is no application of simple nutritive practises (CLAUS 1995).
Because of higher feeding costs of a special diet in organic farming, the use of feeding additives
remains uncertain (HEID et al. 2011).
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In addition, it is difficult to compare the studies about the feeding strategies, because the
conditions of the studies varied distinctly in the quantity of animals investigated, in the genetic
backgrounds as well as in the season and in husbandry situations. The variation of the amount
of biologically active substances in one feed component is another problem. Thus, a contrasting
juxtaposition could not be accomplished.
The mechanism of dietary influence on boar taint is described in what follows. The fermentation
in the intestinal tract and the metabolism was changed by components and amount of the pig
diet. Feeding strategies were evolved in order to reduce boar taint compounds (KAMPHUES
and BELSCHER 2010; ZAMARATSKAIA and SQUIRES 2009).
The amino acid L-Tryptophan constituted the source of skatole and indole, in particular from
endogen origin of dead cells and secretion of digestive tract (LÖSEL 2006), while the addition of
Tryptophan to the diet had no effect on skatole levels in faeces and adipose tissue (BERNAL
BARRAGÁN 1992; PEDERSEN et al. 1986). Figure 1 illustrates microbial formation of skatole
and indole. Indole was produced by several bacteria populations (among others Escherichia
coli, Proteus vulgaris, Paracolobactrum coliforme, Achromobacter liquefaciens and Micrococcus
aerogenes), while the last step (5; Figure 1) of skatole formation was conducted only by
specialised bacteria: Clostridium spp. and Lactobacillus spp. (LÖSEL 2006).
Figure 1: microbial formation of skatole and indole with the following metabolic
pathways [LÖSEL 2006]
L- Tryptophan →
↓

(1) Tryptophanase

→ Indole

(2) Tryptophan-Transaminase

↑

Indolpyruvate →
→
→
(3) Elimination of Pyruvate
↓
Indolactat
↓ (4) Reduction and Decarboxylation
Indolacetat
↓ (5) Decarboxylation
by Clostridia spp. and Lactobacilli spp.
Skatole
An additional, previously not described, skatole producing bacterium SK9 K4 was isolated from
the intestinal tract of pigs. This Gram-positive, strictly anaerobic bacterium occurred singly or in
pairs and was related to Olsenella uli, Olsenella profusa, Olsenella umbonata and Atopobium
parvulum (JENSEN 2012).
The amount of skatole in the hindgut is the result of intake precursor substances, microbial
productions, apoptosis and the absorption from the intestine as well as transit time. The fact that
skatole and indole were affected differently by RPS suggested that several factors are involved
in the modification of boar taint compounds (ZAMARATSKAIA and SQUIRES 2009) and
different ways for lowering skatole levels were hypothesised:
In a protein fermentation process Tryptophan gets a conversation into indole or skatole. The
relative amounts of the two end products can be altered by changing the pH value. High pH
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values preferred the formation of indole while low pH values promoted the production of skatole
(JENSEN et al. 1995b). The reduction of protein fermentation is achieved by lowering the
amount of proteins that reached the intestine, for example induced by 12 hours of fasting for
boars before slaughter (KJELDSEN 1993). It should be mentioned, that the requirement of
amino acid in boars during the fattening period is approximately 15-20 % higher, and protein
content in carcasses increased approximately 10-15 % compared to the castrated pigs (ADAM
2009). However, a surplus of protein could lead to skatole formation. Therefore, the protein
amount of only 5 % was recommended at the end of the fattening period (FiBL 2012a).
Another way for skatole reduction is the replacement of proteins by readily fermentable
carbohydrates or raw fibre like sugar beet pulp or inulin-containing substances by changing the
pH value. This treatment displaces proteolytic bacteria populations and shifts microbial
metabolism from proteolytic to a lysis of sucrose (WESOLY and WEILER 2012). A further effect
is the increased microbial activity by adding more fermentable carbohydrates that lead to a
higher amount of Tryptophan incorporated as bacterial protein (JENSEN et al. 1995; JENSEN
and JENSEN 1998; JENSEN 2006).
Skatole levels in the intestine were decreased if skatole producing bacteria, like Clostridia,
Lactobacilli and Enterobacteria, could be reduced due to a change in microbial flora (JENSEN
et al. 1995b; JENSEN and JENSEN 1998). Using carbohydrates with low pre-caecal digestibility
changed fermentation. This resulted in a higher level of short-chain fatty acids (SCFA), like
propionate and butyrate, which decreased the pH value (JENSEN et al. 1995b; JENSEN and
JENSEN 1998; JENSEN 2006; XU et al. 2002; CLAUS et al. 2003). Butyrate inhibited the
apoptosis of cells with the consequence of less Tryptophan being available for skatole
production. Feeding raw, fibre rich diets or RPS to pigs increased the butyrate levels (CLAUS et
al. 2003; JENSEN 2006; MENTSCHEL and CLAUS 2003).
Skatole concentration was also reduced by increasing the bulk of ingesta as well as dilution.
This was affected by feeding dietary fibre with the water binding and holding capacity, like lignin
in wheat bran or pectin in sugar beet pulp (JENSEN and JENSEN 1998). In addition, a
reduction was achieved by rising the transit time of ingesta, which leads to a faster elimination
and a lower absorption of skatole in the gut. Feeding high amounts of dietary fibre, like wheat
bran, extended the transit time.
In the investigation by FISCHER and WÜST (2012), very low or not detectable skatole and
indole levels in fat were found in wild boars. They assumed that the preferred feed of wild boars,
like acorns, beechnuts and cereals, had various NSPs and high fibre, being responsible for
these low concentrations.
An investigation by RASMUSSEN et al. (2011a; 2011b) showed for the first time an increasing
hepatic skatole metabolism through the induction of CYP expression and activity by feeding
chicory and contradicted the opinion of a prebiotic effect of chicory inulin.
Some authors have investigated the effect of diet to achieve low androstenone contents. There
was a suggestion that diets containing formic acid lowered androstenone content in adipose
tissue (ØVERLAND et al. 2008). An additional approach for androstenone reduction was
demonstrated by RASMUSSEN et al. (2012) revealing a change in gene and protein expression
after feeding chicory root.
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2.4.2

Feeding strategies

It is difficult to draw conclusions between feeding strategies to the levels of boar taint, because
the past trials were performed with varied genetic material, as well as different age and weight
of animals and unequal housing conditions. These factors influence boar taint levels in
carcasses, too. Table 25 gives an overview of: basic feeding regimes, race and animal
husbandry.
2.4.2.1 Energy/nutrient-density/protein diet
Detailed information concerning energy and protein levels of diets is shown in Table 9. Feeding
high amounts of energy density feed (9.70 MJ NE/kg) resulted in increased levels of
androstenone (ZENG et al. 2002a) and skatole in adipose tissue in pigs with slaughter weights
of 110 kg. According to WESTERGAARD and MORTENSEN being cited by MALMFORS et al.
(1990), high protein contents of the diet did not affect skatole concentrations. During energy
deficit feeding (5.8 MJ ME/kg DM), the activities of enzymes of the intestine decreased, but
feeding a high energy diet (14.1 MJ ME/kg DM) raised growth factor IGF-1 (RAAB et al. 1997).
Purine had no additional impact on IGF-1 (RAAB et al. 1997; 1998), but the addition of both
energy (14.1 MJ ME/kg DM) and purines (2160 purines/kg) to the diet for five to seven days
increased gut cell mitosis accompanied by higher apoptosis rates and a higher Tryptophan
source for skatole formation. This led to higher skatole concentrations in adipose tissue up to
levels of 0.07 ppm (CLAUS and RAAB 1999; RAAB et al. 1997). NEUPERT et al. (1995)
considered it inappropriate to use a high energy mixture in an ad libitum feeding of pigs with
slaughter weights of 75 kg and 85 kg, respectively, because skatole concentrations increased
up to 100 % (above 0.5 ppm) and androstenone tended to result in higher levels.
There was no effect of dietary fibre/NSP on skatole or indole concentrations in adipose tissue of
pigs in the fattening period of 55-85 kg live weight if the energy and nutrient intake of the diets
were equal (WISEMAN et al. 1999).
In contradiction, LUNDSTRÖM et al. (1988) noticed that a low, nutrient-density diet for 201 days
(energy: 11.7 MJ/kg) with a high content of crude fibre, based on oats, wheat bran, oat bran,
hay meal and yellow peas, increased skatole levels over 0.2 ppm in back fat compared to high
nutrient-density feeding (energy: 13.7 MJ/kg), in form of barley, wheat and maize, probably due
to larger quantities of microbial protein being a source for Tryptophan. In additional studies of
this working group, these findings were confirmed. Skatole concentrations in back fat were
significantly higher in male pigs fed a low protein diet containing 13.1 % protein with 10 %
yellow peas as a protein source compared to the high protein diet of 18.5 % using 12 % soy by
the same energy level. In the case of the low protein diet, 23.3 % of the male pigs exceeded the
threshold value of 0.20 ppm, but only 2.3 % of the male pig reached this threshold feeding a
high protein diet. However, it cannot be demonstrated, whether the effect was caused by the
dietary protein level per se, or the interaction between feed and genetic influences
(LUNDSTRÖM and MALMFORS 1993; LUNDSTRÖM et al. 1994).
Skatole and androstenone concentrations did not differ between sexes and weights of 100 kg or
110 kg, but skatole did contribute more to an off-flavour in pork. It became apparent in boars
with a 100 kg weight feeding a low protein diet of 16 % protein, in 110 kg boars with high and
low protein diets (17 % vs. 16 %) and in gilts with a 14 % low protein diet (NOLD et al. 1997).
A change in a pig’s diet from restrictive to ad libitum feeding by coincident reduction of energy
(from 9.1 to 5.7 MJ ME/kg) achieved an increasing skatole level of 200 % in faeces due to a
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higher amount of Tryptophan and more favourable fermentation conditions in the hind gut
(BERNAL BARRAGÁN 1992).
2.4.2.2 Ad libitum/restrictive feeding/fasting
An overview about details of ad libitum and restrictive feeding is given in Table 10.
The odour intensity increased and levels of skatole, androstenol and androstenone in fat were
higher in pigs fed ad libitum compared to restrictively fed pigs (ASP and HANSSON 1972 cited
by MALMFORS and HANSSON 1974; BONNEAU cited by MOERMANN 1982; BRENNAN et al.
1986; ØVERLAND et al. 1995; VOSS and HOLTZ 1981). All boar taint compounds
(androstenone, skatole and indole) were also higher in adipose tissue of boars fed ad libitum
and 10.1 % of the boars fed ad libitum exhibited skatole plus indole levels above 0.8 ppm in the
study by KEMPSTER and PATTERSON (cited by MALMFORS et al. 1990).
A change in a pig’s diet from restrictive (2.8 kg/day) to ad libitum feeding by coincident reduction
of energy (from 9.1 to 5.7 MJ ME/kg) achieved an increasing skatole level of 200 % in faeces on
the fourth day. The reason was most likely due to a higher amount of Tryptophan and more
favourable fermentation conditions in the hind gut (BERNAL BARRAGÁN 1992). Feed
restriction reduced androstenol levels in adipose tissue, but odour intensity remained at the
same level (BRENNAN et al. 1986). In contrast, feed restriction increased fat androstenone
content in entire male pigs with lower slaughter weights (60-80 kg). However, there was no
adverse effect of restrictive feeding on androstenone levels in boars with heavier weights at
slaughter (100 kg) in the study by BONNEAU et al. (1987c). QUINIOU et al. (2013) assumed a
pertinence of restricted feed in crossbred boars with view of high boar taint risk, but exact data
for feed were not given. There was a trend for correlation for the level of boar taint with dietary
regimes in the study by ELSLEY and LIVINGSTONE (1969) with strong taint for a low feeding
(6.6 % correlation) and a low fat (7.8 % correlation) regime but less taint for a high feeding (only
1.4 % correlation) regime. Boar taint perception was evaluated by sensory tests under
laboratory conditions. However, the overall percentage for boar taint was equal in all dietary
regimes, and the methods were not statistically reliable.
The incidence of boar taint did not increase from 70 to 100 kg weight feeding in entire male
pigs, restrictively (MALMFORS and HANSSON 1974). There was no significance in the
difference in boar taint at the two feeding levels (restrictive vs. ad libitum) at any weight. Trained
panel members used the hot iron method for olfactory tests in order to detect boar taint in fat
samples (MALMFORS and HANSSON 1974). In a field research study only 5.5 % of boars
surpassed threshold values of androstenone and skatole in the carcass after ad libitum liquid
feed together with 30 % of raw potato starch (RPS) (PAULY et al. 2009d; SPRING et al. 2009).
Skatole level in back fat and the rejection rate of carcasses were significantly decreased after
fasting for 12 hours prior to slaughter. However, restricted and ad libitum feeding strategies had
no influence on skatole levels and on the rejection rate of pigs with low skatole concentration
(AMBROSEN 1993; KJELDSEN 1993). Lower skatole concentrations in back fat were observed
by withholding feed the evening prior to slaughter but only when mixed with unfamiliar animals
(ANDERSSON et al. 1997). Whereas skatole levels were decreased, unfortunately
androstenone concentrations in back fat were higher in entire male pigs withholding feed 26
hours prior to slaughter (ANDERSSON et al. 1999).
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In the investigation by JEREMIAH et al. (1999a; 1999b), pigs were fed ad libitum, and 24 hours
prior to slaughter feed was withheld but not water. However, the diet did not influence
palatability of the loins or consumer acceptance traits.
Fasting for less than 6 hours before delivery was associated with higher boar taint, compared to
fasting at 6 to 12 hours and more than 12 hours (VAN WAGENBERG et al. 2013). In addition, a
combination of the ad libitum feeding and the restriction of feed at the end of fattening period
showed higher boar taint prevalence.
In order to attain access to restrictive feed, dominant behaviour like mounting is used by highranking pigs (FREDRIKSEN et al. 2008). In contrast, ad libitum feeding does not increase an
aggressive manner, because there is less competition. But if pigs were fed restrictively in all
male groups, aggressive behaviour rose; that in turn was associated with a higher production of
steroids, especially testosterone and androstenone (BOYLE 2011).
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Table 9: Energy/nutrient-density/protein diet: 1)
Feeding strategies

Weight/Duration

Effect in

Androstenone Skatole Author

Energy density feed: (9.70 MJ NE/kg)

25 kg to 110 kg slaughter
weight

Adipose
tissue

↑

High protein content of the diet

N.c.

Adipose
tissue

High energy (14.1 MJ ME/kg DM) and purinerich (2160 purines/kg) diet

5-7 days

Ad libitum high energy feeding

75 kg and 85 kg slaughter
weights

Dietary fibre/NPS

55-85 kg live weight

↑

ZENG et al. (2002a)

N.c.

Ø

WESTERGAARD and
MORTENSEN cited by
MALMFORS et al. (1990)

Adipose
tissue
Adipose
tissue
Adipose
tissue

N.c.

↑

RAAB et al. (1997)

↑

↑↑

NEUPERT et al. (1995)

Ø

Ø

WISEMAN et al. (1999)

Low nutrient-density diet (energy: 11.7 MJ/kg)
201 days and 110 kg
with high content crude fibre (oats, wheat bran,
slaughter weight
oat bran, hay meal and yellow peas)

Adipose
tissue

N.c.

↑

LUNDSTRÖM et al. (1988)

Low protein diet containing 13.1 % protein with
25 kg to 103 kg live weight
10 % yellow peas as protein source

Adipose
tissue

N.c.

↑

LUNDSTRÖM and
MALMFORS (1993);
LUNDSTRÖM et al. (1994)

Low protein diet of 16 % protein

Boars with 100 kg

Adipose
tissue

N.c.

↑

NOLD et al. (1997)

Changing from restrictively (2.8 kg/day) to ad
libitum feeding by coincident reduction of
energy (from 9.1 to 5.7 MJ ME/kg)

30 kg to 110 kg live weight

Faeces

N.c.

↑

BERNAL BARRAGÁN (1992)

1) The diets had no influence on other boar taint compounds, boar taint sensation or performance
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Table 10: Ad libitum/restrictive feeding/fasting 1)
Feeding strategies

Effect in

No data

Adipose
tissue

↑

↑

N.c.

KEMPSTER and
PATTERSON cited by
MALMFORS et al. (1990)

Changing from restrictively (2.8
kg/day) to ad libitum feeding by
coincident reduction of energy
(from 9.1 to 5.7 MJ ME/kg)

30 kg to 110 kg
live weight

Faeces

N.c.

↑

N.c.

BERNAL BARRAGÁN
(1992)

Feed restriction

20 kg to 100 kg
live weight

Adipose
tissue

↓ androstenol

N.c.

Ø

BRENNAN et al. (1986)

Feed restriction

Slaughter weight
60-80 kg/100 kg

Adipose
tissue

↑/Ø

N.c.

N.c.

BONNEAU et al. (1987c)

Restrictively vs. ad libitum, dry
pellets or liquid feed

Standard and
heavy slaughter
weights

N.c.

N.c.

N.c.

↓ risk

QUINIOU et al. (2013)

Low feeding and low fat regime

43 kg to 120 kg
slaughter weight

N.c.

N.c.

N.c.

Ø (↑)

ELSLEY and LIVINGSTONE
(1969)

Restrictively vs. ad libitum
feeding

Slaughter weight
of 100 kg

Adipose
tissue

N.c.

N.c.

Ø

MALMFORS and HANSSON
(1974)

Ad libitum liquid feed

Last week prior to
Carcasses
slaughter

N.c.

PAULY et al. (2009d);
SPRING et al. (2009)

Ad libitum feeding

2)

Androstenone

Skatole

Boar taint
Author
sensation/intensity

Weight/Duration

5.5 % surpassed
threshold values (> 1ppm
AN; > 0.16 ppm skatole)
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Table 10: Ad libitum/restrictive feeding/fasting 1)
Feeding strategies

Weight/Duration

Effect in

Androstenone

Skatole

Boar taint
Author
sensation/intensity

Ad libitum feeding

N.c.

N.c.

Higher steroid
production

N.c.

↑; more aggression

BOYLE (2011)

Access to feed

N.c.

N.c.

N.c.

N.c.

↑ dominant
behaviour

FREDRIKSEN et al. (2008)

N.c.

N.c.

N.c.

Ø

N.c.

SLOTH et al. (1994)

N.c.

Ø

Ø

Restrictively vs. ad libitum
feeding
Restrictively vs. ad libitum
feeding

6 months

Fasting prior to slaughter

12 hours

Fasting prior to slaughter

12 hours

Withholding feed prior to
slaughter (in unfamiliar groups)
Withholding feed prior to
slaughter
Feeding ad libitum and
withholding feed prior to
slaughter
Fasting; combination of ad libitum
and restrictive feeding

Evening prior to
slaughter
26 hours

Adipose
tissue
Adipose
tissue
Adipose
tissue
Adipose
tissue
Adipose
tissue

KJELDSEN (1993)
N.c.

↓↓

↓↓

N.c.

↓↓

N.c.

AMBROSEN (1993)

N.c.

↓

N.c.

ANDERSSON et al. (1997)

↑

↓

N.c.

ANDERSSON et al. (1999)

24 hours

Loins

N.c.

N.c.

Ø

JEREMIAH et al. (1999a)

6/6-12/12 hours

Adipose
tissue

Ø

Ø

↑

VAN WAGENBERG et al.
(2013)

1) The diets had no effect on performances
2) Indole was increased
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2.4.2.3 Wet feeding/whey/lactose
Details for feeding whey, lactose or wet feeding are listed in Table 11. In the study by
PIATKOWSKI and JUNG (1967), the absence of sexual odour and flavour in boar fat was
ascribed to the supplementation of high amounts of skimmed milk and its anti-thyroidal effect.
However, the exact amount of skimmed milk was not mentioned.
Feeding of 2.5 % dietary lactose increased the elimination of skatole, but unfortunately, failed to
affect skatole and indole concentrations in fat of growing pigs (HAWE et al. 1992).
Extra water supply and ad libitum wet feeding in comparison to dry feeding during a period of 35
weeks led to twice as low a reduction of skatole levels in adipose tissue of entire male pigs. The
low rejection rate of the pork from entire males was topped by the use of whey instead of water
for six months in the wet feeding strategy. This was probably due to the increased water
absorption (KJELDSEN 1993). A wet feeding (vs. dry pellets) on a low protein diet with 19.7 %
crude protein (vs. 21.5 %) reduced the level of boar taint in belly fat of boars and gilts in the
growing and fattening periods. The wet mix contained 3.3 litres of water per 1 kg of feed. In the
above study, the boar taint sensation was evaluated by four trained panellists being sensitive
(ALLEN et al. 1997). In a Swiss investigation using an ad libitum liquid (wet) feeding system,
only 5.5 % of the carcasses surpassed the threshold values for androstenone and skatole in fat
(PAULY et al. 2009d).
JENSEN (2006) noticed the lack of investigations about the effect of feeding structure on
concentration of skatole, while the use of a liquid whey diet to reduce skatole concentration was
demonstrated by ANDERSSON et al. (1997). The wet feeding including whey, presented by
ANDERSSON et al. (1997), decreased the skatole concentration in back fat compared to tap
water and dry feeding. They suspected that lactose as a carbohydrate fraction of whey was
more digestible and acted as an energy source.
However, the lack of water was not the reason for an increased fat skatole level, because all
pigs in the investigation by HANSEN et al. (1995) had free access to the same number of
drinking nipples in both treatments (heavily fouled and high stocking rate). Additional
investigations and results of field tests did not exhibit significant changes in skatole
concentrations in adipose tissue using liquid feed compared to dry pelleted feed or adding water
or no water to the diet (ALDAL et al. 2005; JENSEN et al. 1997b; SLOTH et al. 1994).
There were inconsistent results regarding skatole levels in back fat being reduced by fermented
liquid feed (JENSEN et al. 1997b). HANSEN et al. (2000) admittedly found a change in the
intestine microbiota declining coliform bacteria after feeding fermented liquid feed, but in
contradiction, there was no effect on skatole levels in the intestine, blood, back fat or boar odour
attributes. Independent of sex odour, sensory flavour attributes of the meat were affected
negatively by fermented liquid food (HANSEN et al. 2000).
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Table 11: Wet feeding/whey/lactose 1)

Feeding strategies

Weight/Duration

Effect in

Androstenone

Skatole

Author

Skimmed milk
(anti-thyroidal effect) 2)

30 kg to 110 kg live weight

Adipose tissue

N.c.

N.c.

PIATKOWSKI and JUNG
(1967)

Faeces

N.c.

↑

Adipose tissue

N.c.

Ø

Adipose tissue

N.c.

↓

2.5 % (25 mg/g) dietary lactose 40-90 kg live weight

HAWE et al. (1992)

Extra water supply and ad
libitum wet feeding

35 weeks

Whey supplementation

6 months

Adipose tissue

N.c.

↓↓

3.3 litre/kg feed with low
amount of crude protein
(19.7 %) 2)

35 kg to 90 kg live weight

Adipose tissue

N.c.

N.c.

N.c.

↓

N.c.

Ø

KJELDSEN (1993)

Whey supplementation
26 kg to 105 kg live weight

Adipose tissue

Tap water

ALLEN et al. (1997)

ANDERSSON et al.
(1997)

Lack of water

95-100 kg slaughter weight

Adipose tissue

N.c.

Ø

HANSEN et al. (1995)

Liquid feed

N.c.

Adipose tissue

N.c.

Ø

SLOTH et al. (1994)

Liquid feed

110 days; 53 to 62 kg mean
live weight at slaughter

Adipose tissue

N.c.

Ø

ALDAL et al. (2005)
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Table 11: Wet feeding/whey/lactose 1)

Feeding strategies

Weight/Duration

Effect in

Androstenone

Ad libitum liquid feed

20 kg to 105 kg

Carcasses

5.5 % surpassed threshold values
(> 1ppm AN; > 0.16 ppm skatole)

N.c.

Adipose tissue

60 kg to 105 kg

Intestine, blood,
adipose tissue

Liquid feed
Fermented liquid feed
Fermented liquid feed 3)

1) The diets had no influence on other boar taint compounds or performance
2) Decreasing of boar taint sensation
3) Boar taint sensation is not influenced
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Skatole

N.c.

Ø

N.c.

(↓)

N.c.

Ø

Author

PAULY et al. (2009d)
JENSEN et al. (1997b)
HANSEN et al. (2000)
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2.4.2.4 RPS - raw potato starch
One of the most investigated pig feed ingredients for reducing boar taint compounds is RPS
(see Table 12). RPS contains resistant starch with low ileal digestibility which undergoes
bacterial fermentation in the large intestine by producing gases (CO 2, CH4, H2) and SCFA,
mainly acetate, propionate and butyrate (CLAUS et al. 2003). Several approaches with different
amount and duration of RPS feeding were tried to reduce skatole concentrations:
RPS increases microbial SCFA and especially butyrate formation that decreases the pH value,
which in turn inhibits apoptosis of cells of the hind gut. Reduced apoptosis resulted in less
Tryptophan being available for skatole production (MENTSCHEL and CLAUS 2003, LÖSEL and
CLAUS 2005).
ØVERLAND et al. (2008, 2011), on the other hand, did not find increased levels of butyrate or
other SCFA, neither due to inulin nor RPS, and suggested that other mechanisms of skatole
reduction were involved. They assumed increased hind-gut fermentation with an incorporation
of Tryptophan into microbial biomass or the decrease of pH value. This in turn, reduced growth
of skatole producing bacteria, as well as altering hind-gut conditions for a decreasing absorption
rate being involved in decreasing of skatole. An influence of RPS in skatole metabolism and
changes in the hormonal pattern were excluded by ZAMARATSKAIA et al. (2005a; 2005b).
MENTSCHEL and CLAUS (2003) fed castrated male pigs with an amount of about 60 %
resistant RPS in the diet (615.5 g/kg dry matter) for a period of 19 days to increase microbial
butyrate formation in colon. They revealed in vivo that butyrate inhibited apoptosis of
colonocytes and decreased the number of apoptotic cells by 34 %. However, they used
castrated male pigs, instead of boars. CLAUS et al. (2003) were also successful in reducing
skatole levels in faeces, blood and adipose tissue within three to five days via butyrate
formation and decreasing pH from 7.3 to 5.3 after feeding 57.8 % RPS over a period of at least
19 days. However, they failed to investigate entire male pigs, too. In addition, they considered
the large amount of RPS used in this study to not be practical under fattening farm conditions.
The same working group showed a dose-dependent decrease of skatole as well as indole in the
gut, in plasma and in adipose tissue by feeding RPS (20 %, 30 % and 40 %) for 14 to 21 days
to barrows and gilts (LÖSEL and CLAUS 2005). Moreover, they could show an improved
sensory meat quality after feeding RPS due to the lowering of skatole level. An amount of 30 %
RPS to the diet resulted in an obvious reduction of skatole in the intestine (from 98 % to 89 %)
and in adipose tissue of the belly (84 %; from 0.159 ppm to 0.026 ppm). In over 90 % of the fat
samples, the concentration of skatole rested by 0.02 ppm fat or below.
An increase of the amount of RPS to make up 40 % of the diet yielded no higher effect to
skatole in the intestine, but a slightly higher reduction of fat skatole (from 0.159 ppm to
0.02 ppm) was observed at a continuous feeding of 40 % RPS in the diet during the fattening
period (LÖSEL 2006; LÖSEL and CLAUS 2005). In the main trial in the study by LÖSEL (2006),
the SCFA concentration was significantly lower compared to the trials before. Because resistant
potato starch is expensive, the use of 30 % RPS of the diet would be sufficient to reduce skatole
deposition in adipose tissue or the limitation of feeding RPS during the last week prior to
slaughter (LÖSEL and CLAUS 2005; LÖSEL 2006). Once again, they failed to investigate entire
male pigs.
However, PAULY et al. (2007; 2008) tested the trial described above by using entire male pigs.
Pigs were fed ad libitum with a diet containing 30 % RPS in the last week prior to slaughter with
the result of sufficient skatole reduction in fat from 0.85 ppm lipid to 0.22 ppm lipid, whereas
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androstenone and indole level were not affected. However, three boars that were fed RPS
exhibited skatole levels in fat above the sensory threshold of 0.25 ppm lipid suggesting
distinctive differences in the response to the RPS diet and the genetic disposition of the
individual pig (PAULY et al. 2008). A period of five days, feeding 300 g RPS per day, was
sufficient to reduce skatole in adipose tissue (PAULY et al. 2009f).
This was in agreement with PAULY et al. (2010; 2009e) who found decreased skatole levels
(from 0.14 ppm to 0.06 ppm) after feeding 30 % RPS. Nevertheless, there were no differences
in sensory scores for boar odour and boar flavour between entire male pigs feeding with and
without 30 % RPS (PAULY et al. 2010).
Feeding 20 % RPS for two weeks prior to slaughter resulted in similar plasma and fat
androstenone levels for entire male pigs and pigs fed a commercial diet. It was assumed that
intensity of feed had more influence on androstenone concentrations than specific ingredients of
the diet (ANDERSSON et al. 2005; ZAMARATSKAIA 2004). Furthermore, in spite of a low
activity of skatole-metabolising enzymes, skatole levels in plasma and fat of heavy boars
(115 kg) were lower, too, feeding 20 % RPS for two weeks prior to slaughter compared to
animals without RPS feeding (ANDERSSON et al. 2005). Hence, it was suggested that RPS is
involved in the mechanism of production and absorption of skatole and does not change the
skatole metabolism (ZAMARATSKAIA et al. 2005b). No pig from the high-weight group fed RPS
had skatole levels above 0.2 ppm fat (ZAMARATSKAIA et al. 2005a). The same group of
researchers found decreased amounts of skatole in plasma and fat by using the same 20 %
RPS feeding regime (ZAMARATSKAIA et al. 2006), but, RPS did not influence indole and
androstenone concentrations in fat and plasma (ANDERSSON et al. 2005; ZAMARATSKAIA
2004). It was assumed that only the highly specific bacteria (Escherichia coli, Clostridium spp.,
Lactobacillus spp.) for skatole formation were reduced by RPS but not the several types of
bacteria for the indole synthesis (CHEN et al. 2007a). However, boar taint perception was lower
in boars fed RPS (ANDERSSON et al. 2005).
There was a clear effect of lowering the skatole concentration in blood plasma and in correlation
in back fat; it was distinct after feeding 10 % RPS for two weeks (JENSEN et al. 1997a;
JENSEN and JENSEN 1998).
However, there were investigations showing no effect on boar taint compounds after feeding
different amounts of RPS:
In the investigation by ALUWÉ et al. (2009), the supplementation of 10 % RPS, as well as the
addition of a combination of 10 % RPS and 5 % wheat bran to the diet during four to six weeks,
was ineffective in reducing the incidence of boar taint significantly.
ØVERLAND et al. (2011) observed no effect to the influence of skatole levels of intestine or
adipose tissue after feeding a pellet diet including 20 % RPS two weeks prior to slaughter. This
was probably due to the pelleting process that exposed the RPS to high temperatures of
gelatinization. However, adding 20 % RPS as a top dressing two weeks prior to slaughter
reduced skatole concentration in the intestine and in adipose tissue (from 0.17 ppm to
0.02 ppm). Neither inulin nor RPS increased the level of butyrate or other SCFA. Inulin affected
microbiota in the hind-gut while RPS did not or to a lesser extent. They assumed that the
fermentation pattern in the intestine was influenced differently by these two sources of easily
fermentable fibres. ØVERLAND et al. (2011) suggested that other mechanisms of skatole
reduction were involved including increased hind-gut fermentation with an incorporation of
Tryptophan into microbial biomass or the decrease of the pH value and, thus, a reduced growth
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of skatole producing bacteria as well as altering hind-gut conditions for a decreasing absorption
rate.
With view to androstenone, amount of RPS in the feeding was also mentioned. The 20 % RPS
diet did not induce changes in the hormonal pattern, and levels of androstenone in fat were not
declined. Within total, 47 % of the pigs had levels above 1.0 ppm (ZAMARATSKAIA et al.
2005a). However, LUNDSTRÖM and ZAMARATSKAIA (2006) supposed the slight, but not
significant, reduction of androstenone in plasma after feeding 20 % RPS for two weeks. In the
investigation by CHEN et al. (2007a) androstenone concentrations in fat slightly decreased after
feeding 20 % RPS (0.6 kg/day/pig), but it did not reach any statistical significance either.
Androstenone levels in plasma were significantly lower in RPS fed pigs analysed by ELISA with
an extraction procedure. There was probably a change in the ratio between free androstenone
and conjugated androstenone whereas the level of total androstenone remained equal (CHEN
et al. 2007a; CHEN 2007). In the study by ØVERLAND et al. (2011), there was a slight
reduction of androstenone in adipose tissue (3.08 ppm to 1.72 ppm) after feeding 20 % RPS at
the top dressing, but not below the threshold value of 1.0 ppm. They let it pass without
comment.
Although the supplementation of 30 % RPS one week prior to slaughter decreased levels of
skatole in fat, there was no effect on androstenone or indole levels. A differentiation of boars fed
with or without RPS was not possible by the sensorial fat analysis (KUPPER and SPRING
2008). In addition the effect of feeding RPS was not sufficient enough to overcome sensory
perception of boar taint suggesting other malodorous compounds to be involved in boar taint
(PAULY et al. 2010).
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Table 12: RPS - raw potato starch 1)

Feeding strategies

About 60 % resistant raw
potato starch in the diet
(615.5 g/kg dry matter)

57,8 % RPS

Duration

Effect in
(boars or noticed
otherwise)

19 days

Colon of castrated
male pigs

N.c.

N.c.

↓ Tryptophan;
↑ butyrate
formation

19 days

Faeces, blood and
adipose tissue of
castrated male pigs

N.c.

↓

N.c.

N.c.

CLAUS et al. (2003)

N.c.

↓

↓ Tryptophan
↓ indole

↓

LÖSEL and CLAUS
(2005)

N.c.

↓

N.c.

N.c.

LÖSEL (2006)

Adipose tissue

Ø

↓

Ø indole

N.c.

PAULY et al. (2007;
2008)

Adipose tissue

N.c.

↓

N.c.

N.c.

PAULY et al. (2009e)

Adipose tissue

N.c.

↓

N.c.

Ø

PAULY et al. (2010)

Plasma and fat of
heavy boars (115
kg)

Ø

↓

Ø indole

↓

ANDERSSON et al.
(2005)

RPS (20 %; 30 % and
40 %)

14 to 21 days

30 % RPS in the diet

Last week prior to
slaughter

30 % RPS
300 g RPS/pig/day
30 % RPS

Last week prior to
slaughter
5 days prior to
slaughter
Last week prior to
slaughter

2 weeks prior to
20 % RPS (0.6 kg/day/pig)
slaughter

Gut, plasma and
adipose tissue of
castrated male pigs
Gut, plasma and
adipose tissue of
castrated male pigs

Androst
enone
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Skatole

Boar taint
Other boar taint
sensation/
compounds
intensity

Author

N.c.

MENTSCHEL and
CLAUS (2003)
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Table 12: RPS - raw potato starch 1)
Feeding strategies

Duration

Effect in
(boars or noticed
otherwise)

Androst
enone

Skatole

20 % RPS (0.6 kg/day/pig)

2 weeks prior to
slaughter

Liver, plasma and
fat of heavy boars
(115 kg)

Ø

↓

10 % RPS

14 days

Blood plasma and
adipose tissue

N.c.

↓

N.c.

N.c.

JENSEN et al. (1997a);
JENSEN and JENSEN
(1998)

Meat and fat

Ø

Ø

N.c.

Ø

ALUWÉ et al. (2009)

N.c.

Ø

Ø butyrate

N.c.

(↓)

↓

N.c.

N.c.

Blood plasma

(↓)

N.c.

N.c.

N.c.

Plasma

↓

N.c.

N.c.

N.c.

10 % RPS or a
combination of 10 % RPS 4-6 weeks
and 5 % wheat bran
20 % potato starch;
pelleting diet
2 weeks prior to
20 % potato starch; as top slaughter
dressing
20 % RPS (0.6 kg/day/pig)

2 weeks prior to
slaughter

2 weeks prior to
slaughter
2 weeks prior to
20 % RPS (0.6 kg/day/pig)
slaughter
20 % RPS (0.6 kg/day/pig)

30 % RPS in the diet

1 week prior to
slaughter

Intestine or adipose
tissue

Boar taint
Other boar taint
sensation/
compounds
intensity
Ø indole;
changes in
N.c.
hormonal pattern
excluded

Author

ZAMARATSKAIA (2004);
ZAMARATSKAIA et al.
(2005a; 2005b; 2006)

ØVERLAND et al. (2008;
2011)
LUNDSTRÖM and
ZAMARATSKAIA (2006)

CHEN et al. (2007a)
Adipose tissue

(↓)

N.c.

N.c.

N.c.

Adipose tissue

Ø

↓

Ø; indole

Ø

1) The diets had no influence on performance
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2.4.2.5 FOS - fructooligosaccarides
Another often mentioned ingredient for pig food to reduce boar taint is chicory and the inulin
contained in it. Inulin, topinambur and clinoptilolite/zeolite are considered as prebiotic FOS (see
Table 13) and lead to a reduction of boar taint components (CLAUS et al. 2003; KAMPHUES
and BELSCHER 2010; LI et al. 2009a; ZAMARATSKAIA and SQUIRES 2009). FOS escape the
digestion in the small intestine, but degrade into SCFA in the hind gut which decrease the pH
value and alter the microbial intestine flora.
However, RASMUSSEN et al. (2011a) proved the correlation of inulin and an activated genetic
transcription and translation which refuted the hypothesis of a prebiotic effect (see below).
Addition of FOS (96.1 % dry matter) to swine faecal slurries reduced skatole levels after in vitro
fermentation (LI et al. 2009a). CLAUS et al. (1994) noticed a dramatic lowering of skatole
concentration in faeces and a mean skatole reduction of 55.5 % in fat after feeding boars with
FOS/inulin for about one week. Combining the impact of bicarbonate and inulin in the diet, the
average tissue concentrations of skatole were lowered up to 78 %. Other authors also
described a decreasing effect on plasma skatole levels after adding 10 % FOS to the diet for 14
days (JENSEN et al. 1997a; JENSEN and JENSEN 1998).
In the investigation by XU et al. (2002), an addition of 1.0 -1.5 % FOS significantly decreased
skatole concentration in incubated pig faecal slurries by shifting the metabolism of Tryptophan
towards indole production. FOS showed a stimulatory effect on the viable counts of
bifidbacteria, a suppressing effect on the Escherichia coli and Clostridium spp. population and
no effect on the viable counts of Lactobacillus spp. (XU et al. 2002). A diet of chicory inulin
reduced the number of Enterococcus spp., but the levels of Lactic acid bacteria were not
affected (KJOS et al. 2010; ØVERLAND et al. 2011). Inulin affected microbiota in the gut,
whereas RPS did not or to a lesser extent. It was assumed that the fermentation pattern in the
intestine was influenced differently by these two sources of easily fermentable fibres
(ØVERLAND et al. 2008; 2011).
Alternatively, it is possible that FOS decreased skatole by lowering the pH value due to the
acidity effect on these bacteria populations (XU et al. 2002).
The addition of 25 % chopped chicory roots, containing 15 % inulin, to the diet two months prior
to slaughter decreased skatole and indole levels in the colon and rectum (JENSEN and
HANSEN 2006). A comprehensive investigation by HANSEN et al. (2006) revealed a significant
skatole reduction in back fat and plasma of boars after adding dried or crude chicory to the pig
feed around periods of one, two, four, six and nine weeks. The amount of chicory was 25 % of
the daily energy intake that corresponds to 14 % purified inulin for dried chicory and 6.9 %
purified inulin for crude chicory (HANSEN et al. 2006; WESOLY and WEILER 2012).
The reduction of the skatole level was irrespective of sex and the length of the feeding period
(1-9 weeks), because as little as three days of feeding 25 % dried or crude chicory reduced
skatole in plasma (HANSEN et al. 2006). Recommended was the feeding of 25 % chicory for
one week to decrease skatole in back fat. In this study, indole was reduced in the third trial but
not in the second. This demonstrated that chicory roots did not work in the same way as zinc
bacitracin and fermented liquid feed, which increased indole production by coincidently
decreasing skatole formation. In addition, a reduction of androstenone was observed in the first
trial when feeding crude chicory for nine weeks. However, this result was questionable, and it
seemed to be more probable that androstenone was not affected by feeding chicory or inulin
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(HANSEN et al. 2006). This was in accordance with the study of BYRNE et al. (2008), finding a
significant reduction of boar taint sensory after feeding a crude and dried chicory diet. Feeding
25 % of crude and dried chicory reduced skatole in back fat below the threshold of 0.25 ppm to
almost zero levels. The influence of chicory feeding on androstenone levels was doubtful. They
considered the chicory feeding as a practicable major part of a commercial feeding strategy to
avoid boar taint based on skatole levels, especially for pigs with low slaughter weights
(85-100 kg), if the impact of androstenone is still slight. They recommended a feeding period for
as little as four weeks.
Adding 15 % dried chicory (9 % inulin) to the diet for 14 days was sufficient to reduce skatole in
adipose tissue (from 0.11 ppm to 0.04 ppm) and reduced boar taint sensation in meat and fat
(MARIBO et al. 2010), but chicory had no effect on indole and androstenone content in adipose
tissue. This was in accordance with investigations of KJOS et al. (2010) and ØVERLAND et al.
(2011) considering the substitution of 6 % to 9 % chicory, corresponding to 4.2 % to 6.3 % pure
inulin, respectively, to the finisher diet during the last 30 days prior to slaughter as an effective
method to decrease skatole concentration (from 0.04 ppm to 0.01 ppm) in adipose tissue of
boars. The level of indole was again not influenced by chicory feeding.
LINDERMAYER et al. (2011) could demonstrate a lasting reduction of skatole in fat (base level
0.095 ppm) to levels of 0.032 ppm and 0.012 ppm, respectively, adding 3 % or 10 % inulin to
the diet six weeks before slaughter (115 kg live weight). The feeding of inulin had no effect on
androstenone levels. However, one problem was that inulin agglutinated and it required an
expensive excipient (“Diamol”) in order to get mixed to feed. Another problem was the very hard
consistence of faeces after intake of inulin and “Diamol”. Feeding inulin raised the costs and an
extra charge of 2.60 Euro (3 % inulin) or 4.40 Euro (10 % inulin) per boar and day had to be
calculated (LINDERMAYER et al. 2011). ZAMMERINI et al. (2012) showed once more that
feeding 9 % chicory for two weeks prior to slaughter reduced skatole to low levels similar to
those of castrates. However, the levels of androstenone were high and the sensory perception
was not improved after chicory feeding.
ALUWÈ et al. (2013) were in accordance with XU et al. (2002) that feeding 5 % chicory pulp
and 5 % FIBROFOS 60 lowered skatole concentrations (36 ppb to 12 ppb) in fat, while the
amount of indole increased (36 ppb to 58 ppb).
RASMUSSEN et al. (2011a) refuted the hypothesis of the prebiotic effect of inulin and
demonstrated for the first time that chicory root increased the hepatic skatole metabolism due to
the induction of mRNA expression of CYP and CYP activity which lowered levels of boar taint
compounds. Feeding 10 % chicory roots for 16 days increased transcription and translation of
CYP 1A2, CYP 2A and CYP 2E1 as well as the protein expression of CYP 1A2 and CYP 2A
with the result of lower skatole concentrations. The mRNA expression was induced by
secondary plant metabolites in chicory, called sesquiterpene lactones (SQL), which included
agonists for cytosolic receptors like PXR, CAR or AhR (RASMUSSEN et al. 2014). An additional
investigation by RASMUSSEN et al. (2011b) revealed that dietary composition changes the
properties of the CYP. Feeding global chicory root resulted in a change towards a greater
activity of skatole metabolising CYP and shifted the gonadal steroid dependent inhibition of CYP
activity in boars.
RASMUSSEN et al. (2012) also showed a decreased accumulation of androstenone in
adipose tissue after feeding a diet of 10 % dried chicory roots for 16 days to boars. This may be
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attributed to an increased catabolism with induction of mRNA and protein expression of the
metabolizing enzyme 3β-HSD. No effect on SULT 2A1 expression or plasma levels of
testosterone and IGF-1 was found, indicating that a chicory diet selectively reduced
androstenone without affecting pig growth negatively. A decreased expression of HSP70
refuted the theory of increased cellular stress and a higher number of apoptosis. Surprisingly,
no differences in skatole concentrations in fat were found and indole levels were higher in
adipose tissue of chicory fed pigs although the skatole metabolising enzymes (CYP 1A2,
CYP 2A and CYP 2E1) were up-regulated.
However, following studies of the same researchers showed that purified secondary plant
metabolites, like artemisinin, scoparone, lactucin and esculetin, from chicory increased the
expression of CYP mRNA in vitro, while global chicory root extract decreased the expression of
several CYP isoforms (RASMUSSEN and EKSTRAND 2014; RASMUSSEN et al. 2014).
HANSEN et al. (2007, 2008) and STOLZENBACH NIELSEN et al. (2007) showed no effect of
dried chicory on skatole levels. The addition of 10 % or 13.3 % of dried chicory during four to 17
days did not lower skatole concentration neither in plasma nor back fat of entire male pigs. The
smaller amount of inulin (ca. 36 %) in the chicory diet in these studies could be explained by the
drying procedure of above 65 °C. However, the perception of boar taint was minimised after
feeding chicory for 14 days. ALUWÉ et al. (2009) added 5 % Beneo IPE (containing ≥ 66 %
inulin) or 3-4 % inulin to the diet during four to six weeks prior to slaughter, but they failed to
reduce boar taint in entire male pigs.
Investigations in female pigs revealed that the dietary supplementation of 25 % inulin and 55 %
rape seed cake three weeks prior to slaughter had a negative impact on meat quality evaluated
by a trained taste panel. Meat odour, fresh flavour and total impression were reduced and pig
and acid odour and favour increased (HANSEN et al. 2002). Feeding growing pigs with a diet of
5 % chicory inulin extract for 14 days decreased the faecal excretion of skatole, but the authors
failed to determine the plasma skatole levels in the six investigated barrows (RIDEOUT et al.
2004). Feeding diet with 10 % chicory for 14 days after weaning resulted in lower skatole levels
in plasma of prepubescent intact male pigs but was not transferable to mature boars
(LANTHIER et al. 2006).
Additional feeding components of FOS were tried and skatole levels in fat tissue were
significantly decreased after feed addition of 0.5 % zeolite mineral, corresponding with 0.45 %
clinoptilolite. It was assumed that the mineral binds skatole and gets excreted via faeces without
being reabsorbed (BALTIC et al. 1997). However, ALUWÉ et al. (2009) were not successful in
reducing boar taint in entire male pigs after supplementation of 1 % VIVOLITH 85, containing
≥ 85 % clinoptilolite, to the diet four to six weeks prior to slaughter.
Dietary treatment with 8.1 % Jerusalem artichoke (4.2 % pure inulin) or 12.2 % Jerusalem
artichoke (6.3 % pure inulin) one week prior to slaughter decreased skatole levels dosedependent in the colon (VHILE et al. 2011). If 12.2 % Jerusalem artichoke (topinambur) was
fed, skatole in adipose tissue was lowered from 0.037 ppm to 0.010 ppm. The feeding of
fructan-rich topinambur leads to a reduction of pH value in the hind-gut because of releasing
SCFA, which inhibits the skatole producing Clostridium perfringens and decreases skatole
levels. Jerusalem artichoke was fed to eight week old piglets and entire male pigs one week
prior to slaughter (FARNWORTH et al. 1995; VHILE et al. 2011). In addition a slight, but not
significant, reduction in androstenone levels and an increased indole concentration was
observed when feeding 8.1 % or 12.2 % Jerusalem artichoke (VHILE et al. 2011).
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No effect of lowering androstenone concentrations was found feeding a chicory diet (5 %
chicory pulp and 5 % FIBROFOS 60) ten days prior to slaughter (ALUWÈ et al. 2013).
There were no implementations in practise of organic farming despite sufficient results in
reducing skatole after chicory feeding and although an inulin-rich chicory production is possible
under organic farming conditions (HEID et al. 2011). One reason could be that this feeding
additive is expensive (MARIBO et al. 2010).
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Table 13: FOS - fructooligosaccaride
Effect in
And
(boars or noticed rosten
otherwise)
one

In vitro incubation of swine
In vitro
faecal slurries with FOS (96.1 %
incubation
dry matter)

Faeces

FOS/inulin

Faeces, adipose
tissue

Feeding strategies

10 % FOS

1.0 -1.5 % FOS
25 % chopped chicory roots,
containing 15 % inulin
25 % dried chicory (14 %
purified inulin) or 25 % crude
chicory (6.9 % purified inulin) of
the daily energy intake

Duration

1 week

14 days

Plasma

Direct
Incubated pig
incubation
faecal slurries
2 months prior
Colon and rectum
to slaughter

Skatole

Other boar taint
compounds

Boar taint
sensation/
intensity

Author

N.c.

↓

N.c.

N.c.

LI et al. (2009)

N.c.

↓

N.c.

N.c.

CLAUS et al. (1994)

N.c.

↓

N.c.

N.c.

JENSEN et al.
(1997a); JENSEN
and JENSEN (1998)

N.c.

↓

↑ indole

N.c.

XU et al. (2002)

N.c.

↓

↓ indole

N.c.

JENSEN and
HANSEN (2006)

1, 2, 4, 6 and
9 weeks

Plasma and
adipose tissue

(↓)

↓

(↓) indole

N.c.

HANSEN et al.
(2006)

25 % of crude and dried chicory

As little as 4
weeks

Adipose tissue

((↓))

↓

N.c.

↓

BYRNE et al. (2008)

15 % dried chicory (9 % inulin)

14 days

Adipose tissue

Ø

↓

Ø indole

↓

MARIBO et al. (2010)

Adipose tissue

N.c.

↓

Ø indole

N.c.

KJOS et al. (2010)

6 % to 9 % chicory,
The last 30
corresponding to 4.2 % to 6.3 % days prior to
pure inulin
slaughter
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Table 13: FOS - fructooligosaccaride

Feeding strategies

Duration

6 % to 9 % chicory,
The last 30
corresponding to 4.2 % to 6.3 % days prior to
pure inulin
slaughter

Effect in
And
(boars or noticed rosten
otherwise)
one

Skatole

Other boar taint
compounds

Boar taint
sensation/
intensity

Author

Adipose tissue

N.c.

↓

Ø indole

N.c.

ØVERLAND et al.
(2011)

3 % or 10 % inulin 1)

6 weeks prior
to slaughter

Adipose tissue

Ø

↓

N.c.

N.c.

LINDERMAYER et
al. (2011)

9 % chicory

2 weeks prior
to slaughter

Adipose tissue

Ø

↓

N.c.

Ø

ZAMMERINI et al.
(2012)

5 % dried chicory pulp (7 %
inulin) and 5 % FIBROFOS 60
(SOCODE, Warcoing, BE) - a
chicory root dried at a low
temperature, reduced to a
powder

10 days prior
to slaughter

Adipose tissue

Ø

↓

↑ indole

Ø

ALUWÈ et al. (2013)

↓

↑ transcription/
translation of
CYP1A2, CYP2A
and CYP2E1; ↑
protein expression
of CYP1A2 and
CYP2A

N.c.

RASMUSSEN et al.
(2011a, 2011b)

10 % chicory roots

16 days

Liver tissue

N.c.
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Table 13: FOS - fructooligosaccaride

Feeding strategies

Duration

Effect in
And
(boars or noticed rosten
otherwise)
one

Skatole

Other boar taint
compounds

Boar taint
sensation/
intensity

10 % chicory roots 2)

16 days

Adipose tissue

↓

Ø

↑ mRNA and protein
expression of 3βHSD enzymes; Ø
N.c.
on SULT2A1
expression; ↑ indole

10 % or 13.3 % of dried chicory
(inulin ca. 36 %)

7-14 days

Plasma and
adipose tissue

N.c.

Ø

N.c.

7-14 days

Plasma and
adipose tissue

N.c.

Ø

5 % Beneo IPE (containing ≥
4 -6 weeks
66 % inulin) = about 3-4 % inulin

Meat and fat

N.c.

25 % inulin and 55 % rape seed 3 weeks prior
cake
to slaughter

Female pigs

N.c.

5 % chicory inulin extract

14 days

Author

RASMUSSEN et al.
(2012)

↓

HANSEN et al.
(2007, 2008)

N.c.

↓

STOLZENBACH
NIELSEN et al.
(2007)

N.c.

N.c.

Ø

ALUWÉ et al. (2009)

N.c.

N.c.

↑

HANSEN et al.
(2002)

Faeces of barrows N.c.

↓

N.c.

N.c.

RIDEOUT et al.
(2004)

10 % chicory

14 days post
weaning

Plasma of
prepubescent
intact male pigs

N.c.

↓

N.c.

N.c.

LANTHIER et al.
(2006)

0.5 % zeolite mineral, = 0.45 %
clinoptilolite

N.c.

Adipose tissue

N.c.

↓

N.c.

N.c.

BALTIC et al. (1997)

10 % or 13.3 % of dried chicory
(inulin ca. 36 %)
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Table 13: FOS - fructooligosaccaride

Feeding strategies

Duration

Effect in
And
(boars or noticed rosten
otherwise)
one

1 % VIVOLITH 85, containing ≥
85 % clinoptilolite

4-6 weeks
prior to
slaughter

Meat and fat

N.c.

N.c.

0.1 %, 3 %, 6 % Jerusalem
artichoke/topinambur

4 weeks

Faeces weaning
castrated piglets

N.c.

↓ skatole
N.c.
smell

N.c.

FARNWORTH et al.
(1995)

8.1 % Jerusalem
artichoke/topinambur (4.2 %
pure inulin); 12.2 % Jerusalem
artichoke/topinambur (6.3 %
pure inulin)

1 week prior to Colon and adipose
(↓)
slaughter
tissue (12.2 %)

↓

N.c.

VHILE et al. (2011)

1) Very hard faeces after intake of inulin and excipient "Diamol”
2) Chicory diet had no negative effect on pig growth
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Skatole

Other boar taint
compounds

Boar taint
sensation/
intensity

Author

N.c.

Ø

ALUWÉ et al. (2009)

↑
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2.4.2.6 NSP- non starch polysaccharides/readily digestible raw fibre/alternative energy –
pectin
Table 14 lists details of the described diets containing non-starch-polysaccharides (NSP) and
pectin. NPS are non-digestible carbohydrates and contribute to the dietary fibre fraction of the
diet (JENSEN 2012).
Sugar beet
Sugar beet contains high amounts of NSP pectin constituting an alternative energy source that
escapes digestion in the small intestine. It is readily fermented by hind gut microbiota and
decreases the pH value, too. Adding sugar beet pulp to faecal slurry decreased skatole
production (LI et al. 2009a). In consequence, skatole levels in carcasses were decreased by a
supplementation of 20 % sugar beet pulp to the pig diet (8.55 MJ DE/kg; 7.52 % digestible
crude protein) in the growing and fattening period (JENSEN et al. 1995a; JENSEN and
JENSEN 1998; JENSEN 2006). The use of a fibre rich diet is successful in reducing the boar
taint origin from skatole. Only 6 % of the infused Tryptophan was changed to skatole in the
intestine of entire male pigs and only 230 μmol skatole was produced during twelve hours when
feeding a high fibre diet with 100 g sugar beet pulp per kg. In contrast, feeding the low fibre diet,
26 % of infused Tryptophan was converted to skatole and the amount of skatole produced was
more than double (480 μmol) (AGERGAARD et al. 1997-cited by JENSEN 2006).
Adding 400 g sugar beet pulp per kg feed to finishing pigs, a NPS with a high rate of
fermentation, decreased significant levels of skatole and indole in subcutaneous fat without
affecting sensory quality (GILL et al. 1993). WOOD et al. (1994) confirmed in their results the
reduction of skatole and indole in back fat of boars and gilts if the molasses of sugar beet was
added to the ad libitum diet in concentrations of 150, 200 or 250 g MSB/kg feed. Additionally, a
better odour and flavour characteristic of pork was associated due to a reduction of Tryptophan
degradation by changing fermentation pattern in the hind gut.
Indole and skatole production in the hind gut, their concentrations in blood samples as well as
their absorptions rate were reduced by feeding a high-NSP diet (160 g/kg of NSP) by adding
10 % sugar beet pulp for one month (KNARREBORG et al. 2002). A reduced Tryptophan
metabolism by changing microbiotic flora and its fermentation was assumed (KNARREBORG et
al. 2002). The application of 20 % sugar beet to the diet for a length of 30 days lead to a
decrease of skatole concentration in back fat, but WHITTINGTON et al. (2004) suggested an
induction of the hepatic CYP 2E1 expression by the diet enhancing skatole clearance.
In contrast, JENSEN et al. (1997a) found no significant effect on the skatole levels in plasma
and faeces feeding a diet with 10 % sugar beet pulp over two weeks. Feeding of dietary fibre in
terms of 40 % sugar beet pulp increased the elimination of skatole and indole via faeces
collected at 60 to 75 kg live weight (HAWE et al. 1992). However, there was no effect on skatole
and indole concentrations in the fat of growing pigs, boars and gilts, from 40 to 90 kg live weight
(HAWE et al. 1992). ØVERLAND et al. (1995) found also no significant impact on the skatole
level in lard of entire male pigs feeding 15 % beet pulp. Skatole and indole in back fat did not
differ between the control diet (0.065 ppm and 0.021 ppm for skatole and indole, respectively)
and the fibre-rich diet (0.037 ppm and 0.038 ppm for skatole and indole, respectively) with
feeding 15 % sugar beet pulp in the growing and fattening period (VAN OECKEL et al. 1998).
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Skatole levels in adipose tissue were influenced by fibre source of the diet with a better result
for straw than for sugar beet pulp, but the level of fibre inclusion had no effect. The rates of
inclusion amounted to levels of 40 g, 80 g and 120 g NSP per kg. Overall, there were only few
effects of dietary fibre/NSP on skatole or indole concentrations in adipose tissue pending the
energy and nutrient intake of the diets were equal (WISEMAN et al. 1999).
A further aspect was the acceptance of the feeding components. In the survey by HEID et al.
(2011), it was mentioned that boars being fattened did not like sugar beet pulp resulting in a
removal of this feed. However, no details were given if the dislike was accompanied by drop in
weight (HEID et al. 2011).
Coconut cakes
Supplementation of more than 5 % of coconut cake to the feed in a six month period reduced
skatole levels in back fat (KJELDSEN 1993). JENSEN et al. (1997a) detected only a moderate
effect on the skatole level in the plasma of boars feeding 10 % coconut cake over two weeks.
However, supplementation with coconut cakes reduced the amount of skatole producing
bacteria (JENSEN and JENSEN 1998).
Palm cake
There was no significant effect on the skatole level in the plasma of boars for a diet containing
10 % palm cake over a time of two weeks (JENSEN et al. 1997a; JENSEN and JENSEN 1998).
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Table 14: NSP/readily digestible raw fibre/alternative energy – pectin 1)
Feeding strategies
Sugar beet
In vitro incubation of swine
faecal slurries with SBP
(92.4 % dry matter)
20 % sugar beet pulp (8.55
MJ DE/kg; 7.52 % digestible
protein)
High fibre diet: 100 g sugar
beet pulp per kg (10 %)

Duration/weight

Effect in

Skatole

Other boar
taint
Author
compounds

In vitro incubation

Faeces

↓

N.c.

LI et al. (2009)

Growing (60 kg) and
fattening period (90 kg 112 kg)

Carcass

↓

N.c.

(12 hours)

Intestine

↓ skatole
production

N.c.

Slaughter weight 90-100
kg

Adipose tissue

↓

↓ indole

GILL et al. (1993)

150, 200 or 250 g molasses of
25-85 kg
sugar beet/kg feed 3)

Adipose tissue

↓

↓ indole

WOOD et al. (1994)

High-NSP diet (160 g/kg of
NSP) adding 10 % sugar beet 1 months
pulp

Blood

↓

↓ indole

KNARREBORG et al. (2002)

20 % sugar beet

30 days

Adipose tissue

↓

N.c.

WHITTINGTON et al. (2004)

10 % sugar beet pulp

2 weeks

Plasma and faeces

Ø

N.c.

JENSEN et al. (1997a)

40 % (400 mg/g) sugar beet
pulp

Faeces collected from pigs
↓
Fattening period (40-90 kg with 60-75 kg live weight
live weight)
Adipose tissue at slaughter Ø

400 g/kg sugar beet pulp 2)
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JENSEN et al. (1995a);
JENSEN and JENSEN (1998);
JENSEN (2006)
AGERGAARD et al. (1997) –
cited by JENSEN (2006)

N.c.
HAWE et al. (1992)
N.c.
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Table 14: NSP/readily digestible raw fibre/alternative energy – pectin 1)
Feeding strategies
Sugar beet

Duration/weight

Effect in

Skatole

Other boar
taint
Author
compounds

15 % beet pulp

21.9-101.4 kg live weight

Adipose tissue

Ø

N.c.

ØVERLAND et al. (1995)

15 % sugar beet pulp

Growing and fattening
period (live weights of 29110 kg)

Adipose tissue

Ø

Ø indole

VAN OECKEL et al. (1998)

Straw as fibre better than
sugar beet pulp; NSP
inclusion: 40, 80 and 120 g
NSP per kg

Fattening period (55-85 kg
Adipose tissue
live weight)

↓

Ø

WISEMAN et al. (1999)

Effect in

Skatole

Other boar
taint
Author
compounds

Adipose tissue

↓

N.c.

KJELDSEN (1993)

Plasma and intestine

↓ skatole
producing
bacteria

N.c.

JENSEN et al. (1997a);
JENSEN and JENSEN (1998)

Feeding strategies
Coconut cake

Duration

Coconut cakes in feed (> 5 %) 6 months
10 % coconut cake

2 weeks

Feeding strategies
Palm cake

Duration

Effect in

Skatole

10 % palm cake

2 weeks

Plasma

Ø

Other boar
taint
Author
compounds
JENSEN et al. (1997a);
N.c.
JENSEN and JENSEN (1998)

1) No dietary effects on androstenone levels or performance; 2) No abnormal odour detectable; 3) Better odour and flavour characteristics of pork
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2.4.2.7 Raw protein
An overview of the effect of raw protein content in a pig’s diet is given in Table 15. Skatole
levels in fat are influenced by the ingredients of the diet through altering the bacterial activity or
availability of Tryptophan (JENSEN et al. 1995a; JENSEN and JENSEN 1998; JENSEN 2006).
However, an addition of Tryptophan to the diet itself showed no effect (PEDERSEN et al. 1986).
Soy with pectin, a NSP
In the investigation by LIN et al. (1992), the skatole level in serum declined with increasing
dietary raw protein concentration (20.99 %), when feeding 48 % crude protein of soybean meal
(326.5 g/kg). The boars were fed with soybean meal at an age of 28 days to 40 weeks. Higher
values of dietary crude protein or amino acids could be digested in the ileum. Therefore, the
caecum had less undigested nutrients for Tryptophan formation by microbes and absorption of
skatole was lowered. Skatole concentrations in back fat of entire male pigs with 103 kg
slaughter weight decreased after feeding a high protein (18.5 %) diet containing 12 % soy as a
protein source. Only 2.3 % of the boars exceeded the threshold value of 0.20 ppm
(LUNDSTRÖM and MALMFORS 1993; LUNDSTRÖM et al. 1994). This was in accordance with
the results by NOLD et al. (1997) finding an off-flavour in chops of boars and gilts by feeding
two low protein diets. The diets had a protein level of 16 % and 14 by adding 21.73 % and
16.12 % soybean meal, respectively. Soybean meal contained 44 % crude protein and was fed
up to a slaughter weight of 100 kg in trial one and 110 kg in trial two.
However, feeding 10 % soya oil for two weeks did not affect the production rate of skatole and
the level of skatole in plasma (JENSEN and JENSEN 1998). Skatole and indole in back fat did
not differ significantly between the control diet (0.065 ppm and 0.021 ppm for skatole and
indole, respectively) and the fibre-rich diet (0.055 ppm and 0.015 ppm for skatole and indole,
respectively) with 15 % soybean hulls (VAN OECKEL et al. 1998). The diet was used in the
growing and fattening period of 29 kg to 110 kg live weight (VAN OECKEL et al. 1998).
In comparison, a wet diet with only 18 % soybean meal (vs. 23.5 %), and therefore low crude
protein content of 19.7 % (vs. 21.5 %), reduced the level on boar taint in belly fat of boars and
gilts in the growing and fattening period of 35 kg to 90 kg live weight (ALLEN et al. 1997).
Brewers yeast slurry
The yeast slurry is an alternative low digestible protein and purine source (5.8 g/kg Tryptophan)
used alone (energy level of 8.17 MJ DE/kg and digestible crude protein of 8.2 %) or
supplemented to other feed (JENSEN et al. 1995a; JENSEN and JENSEN 1998; RAAB et al.
1997). The addition of 11 % yeast dried slurry to the diet for five to seven days increased the
mitotic rate, apoptosis and enzyme activity (RAAB et al. 1998) and resulted in higher skatole
levels in fat (JENSEN and JENSEN 1998; RAAB et al. 1997).
Casein
In contrast to brewers yeast slurry, casein, a readily digestible protein source, decreased protein
fermentation in the small intestine and the addition of 10 % to the diet (17.0 MJ DE/kg; 18.23 %
digestible crude protein) in the growing (at 60 kg live weight) and fattening period (90-112 kg
live weight) led to a reduction of skatole production and skatole concentration in adipose tissue
(JENSEN et al. 1995a; JENSEN and JENSEN 1998). On the other hand, using a high energy
diet with 2.8 % casein together with 8.7 % skim milk powder for five to seven days increased
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enzyme activity and IGF-I (RAAB et al. 1998) and had an increasing effect on skatole
concentration in faeces, blood and adipose tissue (RAAB et al. 1997).
Peas
Skatole concentrations in back fat was significantly higher in male pigs in the growing and
fattening period fed a low protein diet containing 13.1 % protein with 10 % yellow peas as a
protein source compared to the high protein diet with 18.5 % using 12 % soy. When fed the low
protein diet, 23.3 % of the entire male pigs exceeded the threshold value of 0.20 ppm, but only
2.3 % of the male pig reached this threshold when getting the high protein diet. The less
digestible legume starch of yellow peas is a source for microbial fermentation converting
Tryptophan into skatole. However, an additional genetic influence was assumed (LUNDSTRÖM
and MALMFORS 1993; LUNDSTRÖM et al. 1994).
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Table 15: Raw protein – Soy/brewers yeast slurry/casein, peas 1)

Feeding strategies

Duration/weight

Raw protein concentration 20.99 %; 48 % of
252 days
crude protein was soybean meal (326.5 g/kg)
High protein (18.5 %) diet containing 12 %
soy
Low protein diet containing 13.1 % protein
with 10 % yellow peas as protein source

Effect in

Skatole

Other boar taint
Author
compounds

Serum

↓

N.c.

LIN et al. (1992)

N.c.

LUNDSTRÖM and
MALMFORS (1993);
LUNDSTRÖM et al. (1994)

Growing and fattening
Adipose
period (live weights of 25tissue
103 kg)

↓

↑

Low protein diets with 16 % and 14 % protein
levels adding 21.73 % and 16.12 % soybean
meal (44 % crude protein) to the diet,
respectively 2)

Growing and fattening
period (live weights up to
100/110 kg)

Chops

N.c.

N.c.

NOLD et al. (1997)

10 % soy oil

2 weeks

Plasma

Ø

N.c.

JENSEN and JENSEN (1998)

10 % casein (17 MJ DE/kg; 18.23 %
digestible protein)

Slaughter weight 112 kg

N.c.

JENSEN et al. (1995a);
JENSEN and JENSEN (1998)

Brewer’s yeast slurry (8.17 MJ DE/kg; 8.2 %
digestible protein)

Growing (60 kg live
weight) and fattening
period (90-112 kg live
weight)

↓
Adipose
tissue and
intestine
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Table 15: Raw protein – Soy/brewers yeast slurry/casein, peas 1)

Feeding strategies

Duration/weight

Effect in

Skatole

Other boar taint
Author
compounds

Fibre-rich diet with 15 % soybean hulls

Growing and fattening
period (live weights of 29
kg to 110 kg)

Adipose
tissue

Ø

Ø indole

VAN OECKEL et al. (1998)

Wet diet with 18 % soybean meal and low
crude protein content of 19.7 % 3)

Growing and fattening
period (live weights of 35
kg to 90 kg)

Adipose
tissue

N.c.

N.c.

ALLEN et al. (1997)

↑

↑ mitotic rate
and apoptosis; ↑
enzyme activity;
RAAB et al. (1997); RAAB et
Ø IGF-I
al. (1998)
↑ IGF-I; ↑
enzyme activity

11 % brewers dried yeast slurry
5-7 days

Adipose
tissue and
intestine

8.7 % skim milk powder; 2.3 % casein

1) The diets had no effects on androstenone levels or performance
2) Off flavour increased
3) Boar taint sensation was lowered
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2.4.2.8 Corn/cereals/plants with cellulose, a NSP
Details to cereals and cellulose in pig feed are presented in Table 16.
JENSEN et al. (1995b) noticed that the ingredient gramine (3-dimethylaminomethylindole),
occurring in barley shoots (10 mg/day DM), is potent enough to raise the production of skatole.
In addition, skatole production increased in vitro when adding ray grass hay (89.7 % DM) and
alfalfa hay (93.4 % DM) (LI et al. 2009a).
PAULY et al. (2009c, 2011) investigated the effects of cereal types on indole and skatole levels
in the intestine and adipose tissue feeding 67 % barley or 64.5 % oats ad libitum for 45 days.
Feeding barley-based diets offered sufficient fermentable energy in the upper part of the colon
to keep the indole level low. They obtained lower concentrations of indole in adipose tissue after
feeding a barley-based diet compared to oat-based feeding, 0.04 ppm and 0.08 ppm,
respectively. However, the barley-based diet did not supply sufficient fermentable energy in the
second part of the colon for effectively controlling skatole. Thus, skatole levels in fat did not
differ between the two diets and the indole levels were still high. Feeding non-starchpolysaccharides or resistant starch could be more efficient in reducing skatole.
A significant decrease of skatole levels in plasma was detected by CHEN (2007) feeding a diet
with 17 % HAB (Karmosé) for 14 days in the first and 28 days in the second trial. But in
contrast, skatole concentrations in adipose tissue did not differ and neither indole nor
androstenone content in back fat were influenced by the diet with HAB. In the investigation by
JENSEN et al. (1997a) and JENSEN and JENSEN (1998), there was no significant effect on the
skatole level in plasma adding 10 % barley hull meal to the feed for a period of 14 days.
The substitution of 20 % wheat bran to the yeast slurry diet (8.42 MJ DE/kg; 8.3 % digestible
crude protein) in the growing and fattening period achieved only intermediate effects of
reduction of skatole level in the hind gut of entire male pigs and in correlation in adipose tissue
(JENSEN et al. 1995a; JENSEN and JENSEN 1998). VAN OECKEL et al. (1998) even
observed a numerically higher back fat skatole level (0.126 ppm instead 0.065 ppm) which was,
however, of no significance in boars using a 30 % wheat bran diet in the growing period and the
fattening period compared to entire male pigs fed with 15 % sugar beet pulp in the diet
(0.037 ppm skatole in fat). However, there was no higher risk for skatole production or boar taint
sensation by feeding fibre-rich diets.
Adding 5 % wheat bran and 10 % RPS to the pig diet for four to six weeks failed to reduce boar
taint levels below levels of boars feeding with the control diet (ALUWÉ et al. 2009). Boar taint
sensation in meat and fat samples were evaluated by consumers and trained expert panels.
The fibre rich feedstuff lupine contains slight levels of starch and high levels of soluble and
insoluble NSP and oligosaccharides (HANSEN et al. 2007). JENSEN et al. (1997a) and
JENSEN and JENSEN (1998), observed a significant effect of decreasing skatole levels in
plasma adding 10 % lupines for 14 days to the diet. STOLZENBACH NIELSEN et al. (2007)
found significantly lower skatole concentrations in back fat of female and entire male pigs, after
supplementation of 25 % blue lupines to the diet. Boar taint perception, evaluated by sensitive
panels, was decreased to acceptable levels after 14 days of diet. They estimated the diet
containing either chicory or lupine as a strategy to control boar taint. A significant reduction of
skatole concentrations in blood and back fat (from 0.12 ppm to 0.04 ppm) for entire male pigs
and female pigs by adding 25 % Lupinus angustifolius with low content of alkaloids one week
prior to slaughter was detected by HANSEN et al. (2007; 2008), as well. The skatole levels
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remained low until the end of the second week of feeding, but the lupine diet included only 5 %
yellow peas in the diet compared to the chicory and control diet containing 13.5 % and 15 %
yellow peas, respectively. The sensation of boar taint, evaluated by sensitive panellists, was
minimised after the diet of lupine. However, feeding with lupines had a negative impact on
growth rate and feed conversion (HANSEN et al. 2008).
This was in accordance with the results of CLAUDI-MAGNUSSEN and HANSEN (2005). They
achieved a reduction of back fat skatole levels by half when feeding 25 % lupine to castrated
male and female pigs during the fattening period.
However, evaluating meat and fat samples of boars by consumers and trained expert panels,
no reduction of boar taint perception after supplementation of 10 % lupines to the diet during
four to six weeks prior to slaughter was remarked (ALUWÉ et al. 2009).
The supplementation of 6 % crushed linseed and 15.4 % wheat to the pig diet for 20, 60 and
100 days resulted in lower skatole levels in fat of gilts at all slaughter times below the value of
0.02 ppm (KOUBA et al. 2003). They assumed either the higher content of NDF and ADF
(neutral and acid detergent fiber) of the linseed diet to be responsible for a changed
fermentation in the hindgut or an activation of the hepatic CYP 450 enzymes by myristicin, a
benzodioxole compound being contained in linseed. The diet had no effect on growth or carcass
characteristics.
Results by MATTHEWS et al. (2000a) showed a reduction in abnormal odour of pork after
feeding 50 g/kg linseed and a decrease of skatole odour in pigs feeding 100 g/kg linseed in the
fattening period. However, the effect of linseed has to be confirmed in entire male pigs.
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Table 16: Corn/cereals/plants

Feeding strategies

Duration/weight

Gramine (3-dimethylaminomethylindole)
ingredient of barley shoot in
N.c.
concentrations of 10 mg/g dry weight
Adding ray grass hay (89.7 % dry matter)
In vitro fermentation
and alfalfa hay (93.4 % DM)
67 % barley ad libitum

17 % high amylose barley (Karmosé)

45 days

1)

Effect in
(boars or noticed Skatole
otherwise)

Other boar Boar taint
taint
sensation/
compounds intensity

Author

Intestine; faeces

↑

N.c.

N.c.

JENSEN et al. (1995b)

Faeces

↑

N.c.

N.c.

LI et al. (2009a)

Adipose tissue
and intestine

Ø

(↓)

N.c.

PAULY et al. (2009c;
2011)

Plasma

↓

N.c.

N.c.

Adipose tissue

Ø

Ø

N.c.

14 and 28 days

CHEN (2007)

10 % barley hull meal

N.c.

JENSEN et al. (1997a)
and JENSEN and
JENSEN (1998)

Ø
14 days

Plasma

N.c.
↓↓

10 % lupines
Growing (60 kg live
20 % wheat bran to the yeast slurry (8.42 weight) and fattening
Intestine
MJ DE/kg; 8.3 % digestible protein)
period (90 kg-112 kg
live weight)
Growing period (2957 kg body weight)
30 % wheat bran compared to 15 %
and fattening period Adipose tissue
sugar beet pulp diet
(57-111 kg body
weight)
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(↓)

N.c.

N.c.

JENSEN et al.
(1995a); JENSEN and
JENSEN (1998)

(↑)

N.c.

Ø

VAN OECKEL et al.
(1998)
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Table 16: Corn/cereals/plants

Duration/weight

Effect in
(boars or noticed Skatole
otherwise)

Other boar Boar taint
taint
sensation/
compounds intensity

Author

4 -6 weeks

Meat and fat

N.c.

N.c.

Ø

ALUWÉ et al. (2009)

25 % blue lupines

7 -14 days

Plasma and
adipose tissue

↓

N.c.

↓ (14 days)

STOLZENBACH
NIELSEN et al. (2007)

Diet with 25 % blue lupine (Lupinus
angustifolius with low content of
alkaloids) and only 5 % yellow peas 2)

1- 2 week prior to
slaughter

Blood and adipose
↓
tissue

N.c.

↓

HANSEN et al. (2007;
2008)

25 % lupines

Fattening period (60
– 105 kg live
weight).

Adipose tissue of
castrated male
and female pigs

↓

N.c.

N.c.

CLAUDIMAGNUSSEN and
HANSEN (2005)

6 % crushed linseed (myristicin) and
15.4 % wheat 3)

20, 60 and 100 days

Adipose tissue of
gilts

↓

N.c.

N.c.

KOUBA et al. (2003)

Feeding 50-100 g/kg linseed

Fattening period (30
– 77 or 87 kg live
weight)

N.c.

↓ abnormal
and skatole
odour

MATTHEWS et al.
(2000a)

Feeding strategies

5 % wheat bran and 10 % RPS
10 % lupines

Meat (no boars)

1) Androstenone was not affected
2) Negative impact on growth rate and feed conversation
3) No effect on growth or carcass characteristics
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2.4.2.9 Garlic
Including garlic essential oil (0.06-2.15 g/kg diet) in the diet for 57 days (see Table 17)
increased skatole and indole levels by lowering enzyme activity (LEONG et al. 2011). This
effect was investigated in adipose tissue of female pigs but not in entire male pigs.
2.4.2.10 Bicarbonate/organic acids
Data to diets containing bicarbonate, enzymes, vitamins, trace elements and other feedstuffs
were listed in Table 17. CLAUS et al. (1994) elevated the faecal pH value by feeding
bicarbonate for one week (no details on amount were given) and showed a lower skatole level
in faeces and a decrease of 40.2 % (from 0.132 ppm to 0.079 ppm) in fat skatole concentration.
Rising pH in faecal slurries of pigs favoured a microbial degradation of Tryptophan to indole
instead of skatole (JENSEN et al. 1995b; JENSEN and JENSEN 1998). Adding organic acids to
the diet of boars for a period of 78 days reduced the number of Enterococci, Coliform and Lactic
acid producing bacteria in the intestine (ØVERLAND et al. 2008) and resulted in lower plasma
skatole levels due to supplementing formic acid or benzoic acid to the diet.
However, 1.0 % formic acid, 0.85 % benzoic acid, 0.85 % sorbic acid, 1.2 % fat coated or 1.5 %
fat and inulin coated with butyric acid neither influenced skatole or indole production nor their
concentration in the colon or adipose tissue of boars (ØVERLAND et al. 2008). In the case of
androstenone levels, no significant differences in fat were observed between control and
organic acid supplemented groups. However, diets containing formic acid significantly
decreased androstenone level in adipose tissue from 1.63 ppm to 0.84 ppm.
2.4.2.11 Enzyme/vitamins/trace elements
Supplementation of 0.05 g/kg enzymes containing 100 U β-glucanase (1950 AGL/g) and 70 U
β-xylanase (1350 AXC/g) per kg for 45 days (see Table 17) had no effect on skatole and indole
concentration in adipose tissue (PAULY et al. 2009c; 2011).
Menadione constituted a source of vitamin K and was customarily used in pig feeding. However,
DIAZ and SQUIRES (2000b) observed that Menadione, and the ten times less potent
Quinacrine, were effective inhibitors of the aldehyde oxidase, an enzyme important for skatole
clearance. A concentration of 100 μM Menadione resulted in a complete inhibition of the
enzymatic activity and care should be taken by excessive feeding of menadione. In addition,
they revealed a lack of molybdenum after feeding high concentrations of copper which, in turn,
led to a decrease of the aldehyde oxidase activity and increasing skatole levels (DIAZ and
SQUIRES 2000b).
2.4.2.12 Other feedstuffs
The ammonia binding quality of the De-Odorase in Yucca extract (see Table 17) was
successfully used in a pig’s diet (120 g De-Odorase/t feed) decreasing skatole dependent boar
taint (KUHN et al. 1993). In entire male pigs of 95 kg live weight feeding De-Odorase, there was
a reduction by 33 % in back fat skatole levels together with an improved sensory quality.
However, the effect of De-Odorase treatment abated at higher weighted pigs (105-120 kg).
2.4.2.13 Activated carbon/Tween-60: polyoxyethylene sorbitan monostearate
Androstenone can also be altered by feeding. This was shown by JEN and SQUIRES (2011)
feeding boars with 5 % activated carbon or 5 % Tween-60, a polyoxyethylene sorbitan
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monostearate (see Table 17), followed by a significant decreasing of androstenone
concentration in plasma and in adipose tissue on day 28. In addition, levels of oestrone
sulphate (E1S) were reduced. The addition of Tween-60 significantly lowered the androstenone
level in plasma. However, there was no reduction in fat androstenone or plasma oestrone
sulphate (E1S) by day 28. Androstenone levels in adipose tissue decreased subsequently
though on day 42. Plasma skatole concentrations were low and no effect on skatole levels in
plasma feeding boars with activated carbon or Tween-60 was yielded. However, skatole
concentration in fat was decreased with a Tween-60 treatment by day 42 and an interruption
and undergoing of the enterohepatic circulation was suggested. No differences in the growth
rate were observed between the control and experimental group. These results indicated the
success in decreasing androstenone concentrations in plasma and fat using activated carbon or
Tween-60.
Another polyphenol with respect to its influence on boar taint is Resveratrol. Resveratrol is
considered to decrease boar taint and is found in red grapes (vitis vinifera), red wine (Merlot)
and Japanese knotweed (Fallopia japonica/Itadori). This secondary ingredient of plants should
be added as extract or meal. The structure of trans-Resveratrol is similar to Diethylstilboestrol
together with its estrogenic effect (STIEL 2012). However, article 5 (2) of Regulation (EC)
No. 1831/2003 of the European Parliament and of the Council of September 22, 2003, required
that: “feed additive shall not have an adverse effect on animal health, human health or the
environment” (EU 2003). This could not be guaranteed for substances similar to DES. For more
details see the chapter 2.5.2.2 Stilbene/DES.
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Table 17: Other feedstuffs – Garlic/bicarbonate/organic acids/enzyme/vitamins/trace elements

Feeding strategies

Duration/weight

Effect in
(boars or
noticed
otherwise)

Skatole

Other boar
taint
compounds

Boar taint
sensation/
intensity

Author

Garlic essential oil (0.06-2.15 g/kg diet)

57 days

Adipose tissue
of female pigs

↑

↑ indole

N.c.

LEONG et al. (2011)

Bicarbonate

1 week

Faeces and fat

↓

N.c.

N.c.

CLAUS et al. (1994)

N.c.

In vitro
bioreactors,
faecal slurries

↓

↑ indole

N.c.

JENSEN et al.
(1995b); JENSEN
and JENSEN (1998)

Plasma

↓

N.c.

N.c.

Rising pH

Organic acids: 1.0 % formic acid, 0.85 %
benzoic acid, 0.85 % sorbic acid, 1.2 % fat
78 days
coated or 1.5 % fat and inulin coated butyric
acid 1)

Colon, adipose
tissue

Ø

Ø indole

N.c.

ØVERLAND et al.
(2008)

0.05 g/kg enzymes containing 100 U βglucanase (1950 AGL/g) and 70 U βxylanase (1350 AXC/g) per kg

45 days

Adipose tissue

Ø

Ø indole

N.c.

PAULY et al. (2009c;
2011)

100 μM Menadione and Quinacrine (ten
times less potent); Copper

N.c.

In vitro liver
samples

↑

N.c.

N.c.

DIAZ and SQUIRES
(2000b)
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Table 17: Other feedstuffs – Garlic/bicarbonate/organic acids/enzyme/vitamins/trace elements

Feeding strategies

Duration/weight

Effect in
(boars or
noticed
otherwise)

Skatole

Other boar
taint
compounds

Boar taint
sensation/
intensity

Author

De-Odorase in Yucca extract (120 g/ tons of
95 kg live weight Adipose tissue
feed) 2)

↓

N.c.

↓

KUHN et al. (1993)

5 % activated carbon 1), 3)

Ø

↓ oestrone
sulphate

N.c.

JEN and SQUIRES
(2011)

↓ is expected

STIEL (2012)

5 % Tween-60 (polyoxyethylene sorbitan
monostearate) 1), 3)

28 days
42 days

Resveratrol in red grapes, red wine and
Japanese knotweed, Resveratrol should be N.c.
fed as meal or as extract

Plasma and
adipose tissue

Adipose tissue

1) Androstenone was decreased
2) Higher gain per fattening day
3) No differences in growth rates
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2.4.3

Housing conditions of boars – literature review

Fattening of entire male pigs is discussed to be an alternative to piglet castration, and it seems
to emerge that fattening of young boars will find a place in pig production (LITTMANN et al.
2011). Several attempts in the husbandry of pigs were made to avoid boar taint by changing
housing management. Improved cleanliness of pigs and more space was aimed at reducing
skatole concentrations. In addition, it was supposed that photoperiod and season as well as
housing with females or other dominant animals affected sexual behaviour and maturity and,
therefore, influenced indirectly the steroid production of androstenone.
In Great Britain a number of experiences in the fattening of boars were collected. Advantages of
growing boars were lower production costs, saving of working time and higher gain by
concurrent better feed conversion ratio, increase of weight and higher percentage of lean meat
(LEEB 2010). On the other hand the following drawbacks were noticed: mixed sex rearing was
a problem, because female pigs might be gravid without being recognised when slaughtering. In
addition, more animals had to be slaughtered for the same quantity of meat, if boars were
slaughtered at lower weight. The drawback of boar taint developing in entire male pigs was not
mentioned as a disadvantage in Great Britain, in general. But interestingly, there was a
consumer request for pork from female pigs only.
In Spain, Great Britain and Denmark the fattening of boars is practised with no problems in boar
taint and no specific forms of husbandry are used. Boars are penned together with females in
Spain and Great Britain without limitations (STOLL 2002).
The authors disagree on the question whether, and to what extent, husbandry affects boar taint.
A small influence of environmental factors and management factors on boar taint compounds
was found by ANDRESSEN et al. (1999) and BONNEAU (2006). WEILER and WESOLY (2012)
assumed overall high stress levels of housing conditions resulting in a high cortisol levels and
apoptosis rates, which are responsible for high skatole levels.
It was assumed that sexual and aggressive activities are positively correlated to higher
androstenone concentrations, but results are not coincident (FREDRIKSEN et al. 2008;
ZAMARATSKAIA et al. 2005c). Conclusions of earlier studies on sex composition of pig groups
indicated that the rearing of pigs in mixed sex groups led to boar taint problems but at slaughter
weights of over 100 kg, only (PIGCAS 2008). If pigs were slaughtered at heavier market weight,
split–sex rearing was recommended (XUE and DIAL 1997).
Under commercial conditions pigs were regrouped and put together with unknown and
unfamiliar pigs during production in order to get uniform groups for slaughter. This provoked
aggressive behaviour, too (EFSA 2004a). Boars held in groups under commercial conditions
showed less growth performance. As reasons higher aggression and sexual behaviour between
the entire male pigs accompanied by reduced feed intake are discussed. Additionally, carcass
damage and thereby less meat quality were caused by mixing boars around slaughter
(DUNSHEA 2010).
Taking into account the rearing situation of female pigs, the welfare-friendly rearing system for
gilts was the penning in all female groups, because entire male pigs performed more aggressive
and mounting behaviour (EFSA 2004a; PIGCAS 2008; VON BORREL 2009). In addition,
rearing in mixed sex groups could result in mating and pregnancy at the time of slaughter and
should be avoided for ethical reasons (ANDERSSON et al. 1999).
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Fully slatted floors were associated with reduced skatole levels and were used in Europe (EFSA
2011); with view to animal welfare, these floors were discussed critically, and in Switzerland this
floor type is no longer permitted (BRACHER-JAKOB 2000).
Unfortunately, there was no enhancement of boar taint perception in meat neither by organic
farming nor by advanced welfare factors like floor type, space allowance and outdoor access
(BONNEAU and LEBRET 2010).
A study about organic pig farming collected experiences about fattening of boars with live
weight of 78 kg to 113 kg in Belgium, the Netherlands, the United Kingdom, Switzerland and
Germany (HEID et al. 2011). Most of the organic agricultural units that abandoned piglet
castration used single sex groups of about 15 to 30 animals and litter sibling groups. The UK,
where 40 to 60 pigs were penned together, formed an exception. Surprisingly, several farmers
were highly satisfied with the approach of boar fattening, and husbandry of boar was considered
as an important factor to avoid boar taint.
The overall conclusion represented the fattening of boars as a means of choice and as a
method with a future that had yet to become gold standard. However, the greatest obstacles
were the exact detection and the number of rejections of tainted carcasses, which made boar
fattening expensive and could not guarantee boar taint free meat (HEID et al. 2011). Altogether,
fattening of entire male pigs will be profitable only if the frequency of condemned carcasses is
decreased below a critical level of 10 % or even less (FRIEDEN et al. 2011).
2.4.4

Housing conditions to avoid boar taint

The comparison of the effects of husbandry and management on boar taint level is difficult since
various breeds and feeding components were used in the trials. Furthermore, there was a wide
range of weights at slaughter and different sizes of the fattening groups, and due to the
photoperiod, studies were conducted in different seasons. For equated the data of the social
hierarchy, it is important which methods were used in trials, but it is not possible in most times.
For an overview Table 25 lists details of race, basic feeding and concomitant animal husbandry.
2.4.4.1 Hygiene/fully slatted floor
Table 18 gives an overview on hygiene and the type of floor present which both have an
influence on skatole and indole levels. It was assumed that skatole and indole in faeces were
absorbed through skin and lungs, and it could be shown that skatole and indole levels were
decreased if pigs were penned cleanly within a week prior to slaughter (HANSEN et al. 1994;
1995).
It could be demonstrated that pigs kept clean in pens with a low density of filth (1.2 m2 per pig)
had lower skatole and indole concentrations in fat compared to heavily fouled pigs (HANSEN et
al. 1994; 1995; 1997). This was confirmed by the study by HANSEN et al. (1997) showing that
heavily fouled boars penned on a concrete floor for 14 days prior to slaughter had a higher
concentration of indole and skatole in the blood and in subcutaneous fat than pigs kept clean.
Androstenone was not influenced by floor-type or hygienic conditions. The rejection rate was
not higher in the group of heavily fouled pigs. If pigs were clean, neither stocking rate nor
temperatures raised skatole and indole concentrations (HANSEN et al. 1995).
As slatted floors are not conducive to pig welfare, it was proposed to apply showers for
thermoregulation instead of leaving them to wallow in their own faeces which, of course,
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improved the cleanliness of the pigs (EFSA 2004a; 2004b; GIERSING et al. 2006). Consistent
cleaning and sufficient outdoor run areas with wallow facilities are still beneficial to avoid boar
taint under organic farming conditions (HEID et al. 2011).
However, in intensive production systems, the only possibility for wallowing is in the dunging
area resulting in increased fat concentrations of skatole and indole (EFSA 2004a).
Entire male pigs in Denmark, which were kept in pens with fully slatted floors and fed with wet
feed for 35 weeks, had the lowest skatole levels in back fat (KJELDSEN 1993). However, there
was no effect in floor type on the skatole concentration in herds feeding dry feed (KJELDSEN
1993). The boar taint sensation of belly fat of commercial meat line pigs, evaluated by four
trained panel members, was reduced if boars were reared mixed with gilts in fully slatted pens
instead of partially slatted floors by 25 % by using wet feeding on a low protein diet in the
growing and the fattening period (ALLEN et al. 1997).
Nevertheless, ALUWÉ et al. (2011b) found no obvious evidence that an improved cleanliness of
pigs over a period of five weeks decreased skatole concentrations. Only consumer test-panels
scored an elevated level of boar taint sensation in meat from extra soiled boars. However, this
was neither confirmed by laboratory analyses of androstenone, skatole and indole in serum and
fat, nor by the expert panel evaluating pork from extremely clean pigs.
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Table 18: Hygiene/fully slatted floor
Management
strategies

Race

Fully slatted floor and
wet feed
Fully slatted floor and
dry feed

Duration/ period

Effect in

Entire male herds in
Denmark

35 weeks

Adipose
tissue

Fully slatted floor; sex
mixed groups, wet and
low protein diet

Commercial meat-line
sire, out of first-cross
(Large White x
Landrace) sows

Growing and
fattening period
(live weights 35
kg to 90/100 kg)

Clean pigs

Crossbred of Danish
Landrace, Large
White and Duroc

Concrete floor and
heavily fouled boars;
group of six boars 1)

Crossbred of Danish
Landrace, Large
White and Duroc

Showers for
thermoregulation

N.c.

Extremely clean boars
compared to extra
soiled pigs 1)

Crossbred sow
(Piétrain × Rattlerow
Seghers)

Other boar Boar taint
Skatole taint
sensation/
compounds intensity
↓

N.c.

Author

N.c.
KJELDSEN (1993)

Ø

N.c.

N.c.

Adipose
tissue

N.c.

N.c.

↓

ALLEN et al.
(1997)

1 week prior to
slaughter

Adipose
tissue

↓

↓ indole

N.c.

HANSEN et al.
(1994; 1995)

14 days prior to
slaughter

Faeces,
plasma and
adipose
tissue

↑

↑

N.c.

HANSEN et al.
(1997)

N.c.

↓ wallow in
faeces

N.c.

EFSA (2004; 2004
b); GIERSING et
al. (2006)

Ø

↑ in extra soiled
boars evaluated by ALUWÉ et al.
consumer panel, but (2011b)
not by expert panel

N.c.

5 weeks

N.c.

Adipose
tissue

1) No effect on androstenone
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2.4.4.2 Space/employment
Group size, stocking rate and employment could have influence on boar taint, too and these
data were listed in Table 19. In the study by COWAN and JOSEPH (1981) consumers
significantly preferred the bacon from boars and castrated male pigs reared in smaller pens with
16 pigs per pen.
However, as already mentioned, HANSEN et al. (1994; 1995; 1997) could demonstrate that
pigs kept clean in pens with a stocking rate of 1.2 m2 per pig exhibited lower skatole and indole
levels in adipose tissue, compared to heavily fouled pigs with a high density of animals with
space of 0.6 m2 per pig, only. A change to lower fat skatole levels was feasible by reducing the
stocking rate and increasing cleanliness within a week before slaughtering (HANSEN et al.
1994; 1995). However, stocking rate alone did not raise the amount of skatole and indole in fat,
if pigs were clean (HANSEN et al. 1995).
Contradictious information on stocking rate is given by PAULY et al. (2009a). There was no
effect on androstenone, skatole and indole levels in adipose tissue when keeping boars in
groups of 13 pigs per pen or single penned with 2.6 m2 per pig. However, in a former study of
the same researchers the perception of boar taint was influenced by housing conditions. Large
White boars being individually penned achieved numerically, but not significantly, higher scores
for boar odour and boar flavour than entire male pigs kept in groups (PAULY et al. 2010).
In contrast, there was a tendency to higher fat androstenone contents in boars of the same
race, reared in groups of six animals than raised individually (BONNEAU and DESMOULIN
1980). The group size (12 vs. 24; 1 m2 per pig) did not influence boar taint perception or boar
taint compounds in fat, but surprisingly more total pen space resulted in more skin lesions. But,
boars had higher fat androstenone levels if their pen was equipped with a hiding wall, while boar
taint sensation and skatole levels were not affected (VAN DER PEET-SCHWERING et al.
2013). Lower boar taint prevalence was found, when the number of boars in pens was ten or
lower. Surprisingly, space per animal of 1 m2 or more resulted in more boar taint prevalence,
compared with 0.7/0.8 m2 pen surface per animal (VAN WAGENBERG et al. 2013).
Production environment of pigs, like floor space and quality, feeder space, substrate for bedding
and pen lay-out, were only slightly investigated with regard to effects on boar taint. An optimal
environment could lead to a decreased general stress-level, optimised skin and less leg
problems (EFSA 2004a). In addition, practical experiences in fattening of entire male pigs in
organic farming management exhibited pens with three zones (running, bedding, excrement
area) to be advantageous in order to avoid boar taint due to more clean pigs (HEID et al. 2011).
Improving the housing conditions of one boar by moving him from a confined to an open-front
pen, increased plasma concentration of androstenone within 15 hours, before coming back to
base level after 14 days (CLAUS and ALSING 1976). However, an enriched housing of entire
males with straw bedding, outdoor run and 2.5 m2/pig affected neither pubertal development nor
testosterone levels in fat (PRUNIER et al. 2010) and there was no clear advice that housing
environment reduced boar taint (OLIVER 2009; EFSA 2011; PRUNIER et al. 2013). In addition,
results of the study of TALLET et al. (2013) showed that enriched housing (straw bedding,
outdoor run and 2.5 m2/pig) lowered agonistic behaviour in castrated pigs, but did not influenced
behaviour of entire male pigs by reducing feeding activity. Frequency of skin lesions was
reduced by enriched (PRUNIER et al. 2010, 2013) and lavish housing conditions, like 1.3 m2
indoor space on deep litter plus 1.1 m2 outdoor area on solid floor per pig in contrast to 0.8 m2
fully slatted floor per pig (OLIVER 2009).
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Table 19: Space/employment
Management strategies

Race

Small pens with 16 pigs per
pen, compared to 5 pigs per N.c.
pen
Stocking rate of 1.2 m2 per
Landrace x
pig, instead of half, kept pigs Large White x
clean
Duroc

Number
Duration/p
of pigs
eriod
in group
Growing/
fattening
16
period
(83.26 kg)
1 week
prior to
3
slaughter

Andro
Effect in sten
one

Ska
tole

Other boar
taint
compounds

Boar taint
sensation/ Author
intensity

Adipose
tissue

N.c.

N.c.

N.c.

Bacon was COWAN and
preferred
JOSEPH (1981)

Adipose
tissue

N.c.

↓

↓ indole

N.c.

HANSEN et al.
(1994; 1995)

Ø

↑

↑

N.c.

HANSEN et al.
(1997)

Ø

Ø

Ø indole

N.c.

PAULY et al. (2009a)

PAULY et al. (2010)

Landrace x
Large White x
Duroc

14 days
prior to
slaughter

6

Faeces,
plasma,
adipose
tissue

13 pigs per pen/2.6 m2 per
pig

Swiss Large
White

22-107 kg

13

Adipose
tissue

Individual penning of boars

Swiss Large
White

High stocking rate of 0.6 m
per pig, dirty pigs

2

22-107 kg

1

N.c.

12/24

Adipose
tissue

Hiding wall

Landrace x
Group size 12 instead of 24, Large White
1m2 space/pig

23-120 kg

>1 m2 (instead of 0.7/0.8 m2) Dutch
N.c.
per pig. >10 pigs/pen
commercial pigs

≤10

Adipose
tissue
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N.c.

N.c.

N.c.

(↑) boar
odour +
flavour

↑

Ø

↑ skin lesion

Ø

Ø

Ø

Ø

Ø

Ø

Ø

Ø

↑

VAN DER PEETSCHWERING et al.
(2013)
VAN WAGENBERG
et al. (2013)
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Table 19: Space/employment
Management strategies

Race

Number
Andro
Duration/p
of pigs
Effect in sten
eriod
in group
one

Group of 6 pigs, instead
individual pens

Large White

27-107 kg

Open-front pen

Landrace

3 areas: for excrements, for
movement and for dry lying

Crossbred

15 hours –
1
14 days
Growing/
fattening
N.c.
period

Straw bedding, outdoor run
and 2.5 m2/pig compared to
1 m2/pig on slatted floor 1)

N.c.

84-161
days

Straw bedding, outdoor run
and 1.3 m2/pig compared to
1 m2/pig on slatted floor 1)

(Large White x
Landrace) x
Piétrain

84-161
days

Straw bedding, outdoor run
and 2.5 m2/pig compared to
1 m2/pig on slatted floor

(Large White x
Landrace) x
Piétrain

Birth to
161 days

1.3 m2 indoor space on deep Piétrain, Duroc,
litter plus 1.1 m2 outdoor
Large White
area on solid floor per pig
crossbreds

6

30-110 kg

Boar taint
sensation/ Author
intensity

↑

N.c.

N.c.

N.c.

BONNEAU and
DESMOULIN (1980)

Plasma

↑

N.c.

N.c.

N.c.

CLAUS and ALSING
(1976)

N.c.

N.c.

N.c.

N.c.

↓ boar taint HEID et al. (2011)

N.c.

Ø
testosterone; N.c.
↓ skin lesions

PRUNIER et al.
(2010)

Ø

↑ mounting
Ø boar
behaviour but
taint
↓skin lesions

PRUNIER et al.
(2013)

N.c.

↓ agonistic
behaviour in
castrates

TALLET et al. (2013)

10

10

Adipose
tissue

8-12

Other boar
taint
compounds

Adipose
tissue

Adipose
tissue

10

Ska
tole

N.c.

Skin

1) No effect on sexual development
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N.c.

Ø

N.c.

N.c.

N.c.

N.c.

↓ skin lesions N.c.

OLIVER (2009);
EFSA (2004a;
2004b; 2011)
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2.4.4.3 Photoperiod/season/temperature
An overview of the influence of photoperiod and season is given in Table 20 with exact data of
season, light length and race of pigs. Details of basic feeding are listed in Table 25 in the
Annexe.
SCHOPPER et al. (1983) described the seasonal reproductive cycle of wild boars. The mean
mating season and maximum concentrations of testosterone were found in October and
November with ten time’s higher concentrations than in March and April. In breeding boars’
testosterone in the plasma of semen, function of accessory sexual glands and libido were
affected by season, too.
However, there are controversial results regarding androstenone levels in boars with view to
season and photoperiod:
FALKENBERG and BLÖDOW (1981) showed a tendency (data not significant) for higher levels
of androstenone in fat of entire male pigs slaughtered in winter compared to slaughter in early
summer or autumn. Levels of plasma androstenone in boars fluctuated with season under the
influence of natural daylight with 17 hours of light in June and could be altered by artificial light
programs (CLAUS 1983; CLAUS et al. 1985a; 1985b). Maximum concentrations of
androstenone in plasma were present in October through December, while minimum
concentrations were found in the summer months July and August. Using an artificial light
program simulating winter season in summer time, with 8 hours of light in July and 17 hours of
light in December, high concentrations of plasma androstenone were measured in July and
August. It should be noticed that likewise the libido and total number of sperm in ejaculates was
influenced by changing the artificial light program (CLAUS 1983; CLAUS et al. 1985a; 1985b).
Androstenone in fat was influenced by decreasing the daylight length from 17 hours and 15
minutes in June to 14 hours in August while inducing an IGF-1 secretion, but the extent did not
meet expectations of earlier studies (NEUPERT et al. 1995). An increasing day length
considerably decreased androstenone levels in back fat of boars with the lowest values of
3.8 ppm in April (KELLER et al. 1997). High androstenone concentrations (9.1 ppm) were found
in October with decreasing daylight hours (KELLER et al. 1997). If boars were exposed to
photoperiod simulation conditions from March to August with an increasing day length, they
exhibited the lowest concentrations of androstenone and skatole in fat and therefore less boar
taint sensation (ANDERSSON et al. 1998b). Boar taint perception was evaluated by a trained
sensory panel and the strongest off-odour was found in the group of boars being exposed to a
decreased day length, but the highest values of androstenone and skatole were found in the
control group. Surprisingly, in this study, the correlation between boar taint substances and
sensory evaluation was low. ALDAL et al. (2005) compared four herds growing up in autumn.
There was no large examination of light situation, but herd number three received poorer light
conditions by coincidentally higher percentage of sorted out carcasses, having four times higher
mean androstenone levels.
PATTERSON (1982) described breed specific androstenone levels in fat depending on season
and housing. The crossbred boars exhibited low androstenone values in the natural mating
season of August to January in single sex as well as in mixed sex groups. The Landrace boars
had low levels of androstenone in the natural mating season as well, but only when raised in
mixed sex groups together with gilts. However, if Landrace boars were kept in single sex
groups, they had higher concentration of androstenone in the off-season from March to July.
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In contradiction to CLAUS et al. (1985a), androstenone tended to be lower in the autumn group
with a decreasing photoperiod from July (17 hours light) to December (seven hours light) in the
investigation by ANDERSSON et al. (1998a). In comparison to a control group, however, there
were no clear differences for androstenone levels in fat and boar taint perception between the
treatments (ANDERSSON et al. 1998a). This was in accordance with the study by WEILER et
al. (1995) where higher androstenone levels were found in trials with increasing day length only
in the carcass of boars of heavier pig lines. The summer group started with eight hours and
increased light length by 30 min per week and ended with 16 hours of daylight (WEILER et al.
1995). Fat skatole levels were significantly lower in the spring (increasing photoperiod January
to June) and autumn (decreasing photoperiod July to December) group compared to the control
group (ANDERSSON et al. 1998a).
These findings were supported by the investigation of FREDRIKSEN et al. (2006b) detecting
low androstenone levels in pigs being slaughtered in the darkest months of the year (October to
March) as well as by Swiss studies showing high androstenone concentrations in fat of boars
which were slaughtered in the months of February to April (PAULY et al. 2009e; PAULY and
BEE 2007). Boar taint sensation in a carcass after sensory evaluation was high in the same
period (PAULY et al. 2009e). They also revealed that a reduction of weight of boars at slaughter
to 100-105 kg live weight was particularly important in spring when the risk of boar taint was
high.
Results of the investigation by PRUNIER et al. (2013) showed an increased pubertal
development in the growing period in autumn as well as a correlation to sexual hormones.
However, despite of very different light exposures in the two housing systems (natural day light
and artificial light), the seasonal effect was similar in both. Therefore, the seasonal effect was
not sufficient enough for influence boar taint compounds at slaughter.
Regarding skatole levels in back fat, a seasonal effect was demonstrated. Concentrations were
lower when slaughter was done in winter than in summer. However, under commercial
conditions the differences between the summer and winter seasons seemed to be small
(WALSTRA et al. 1999). In the investigation by ZAMARATSKAIA et al. (2004a), using pigs
being part of a project on the photoperiodic effect of ANDERSSON et al. (1998b), neither
skatole nor androstenone levels in fat were directly influenced by the photoperiod. But, it could
not be denied that photoperiod probably affected the onset of puberty in entire male pigs
(ZAMARATSKAIA et al. 2004a). In an investigation, increasing light conditions and green light
did not affect mounting behaviour, boar taint perception and boar taint compounds in the
carcass of crossbred boars (VAN DER PEET-SCHWERING et al. 2013). Increasing light
schedules started from 8:00 to 16:00 h and ended from 5:00 to 21:00 h, while green light was
turned on from 8:00 to 16:00 h.
The artificial light program was not recommended as a successful tool to control boar taint
compounds by FREDRIKSEN et al. (2006a), because in their study an artificial light program
imitating an increasing day length from January to May and with a light intensity of 440 Lux
induced higher amounts of androstenone in back fat and did not restrain sexual maturity.
Besides, the opposite light program decreasing day length from August to December by poor
light intensity of 60 Lux impaired animal welfare, because aggression and injuries rose. In
organic farming, artificial light programs were ineligible (HEID et al. 2011).
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It seemed unlikely that temperature had any major effect on skatole levels (ANDERSSON et al.
1998a), but a former experiment by HANSEN et al. (1994) exhibited significantly lower fat
skatole concentrations in winter time with temperatures of approximately 17 °C in the pig house
compared to the summer experiment with temperatures above 22 °C. If pigs were lying in
faeces and urine at temperatures of 30 °C and more, for one week, skatole and indole
concentrations in fat increased. However, temperature alone did not raise the amount of skatole
and indole in fat, if pigs were clean (HANSEN et al. 1995). This was in accordance with results
from FREDRIKSEN et al. (2006b), where the highest values of skatole occurred in the warm
season, April to September, but the effect was not significant in this study.
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Table 20: Photoperiod/season/temperature
Management strategies

Race

Duration/period
Androst
Effect in
/season
enone

Wild boar
October and November

1) 2)

Slaughter in winter, compared to
slaughter in summer or autumn

German Landrace;
Piétrain
German Large White;
German Landrace

October-December (light for 8 hours)
Artificial light condition: 8 hours (July
and August) and 17 hours
(December)

N.c.
Plasma
of semen N.c.

Autumn

Adipose
tissue

Winter

Winter
German Landrace;
Piétrain

Artificial winter

July and August (light for 17 hours)

Summer

Slaughter by decreasing day light
length (17hours 15 minutes in June14 hours in August) 3)

End of fattening
period (75/85
kg) in autumn

Hybrids

April with increasing day length
German Landrace
October with decreasing day length

Determined in
April
Determined in
October
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Plasma

Adipose
tissue

Adipose
tissue

Boar taint
Skatole sensation/
intensity
N.c.

N.c.

N.c.

N.c.

(↑)

N.c.

N.c.

↑

N.c.

N.c.

↑

N.c.

N.c.

↓

N.c.

N.c.

(↑)

N.c.

N.c.

↓

N.c.

N.c.

Author

SCHOPPER et al.
(1983)
FALKENBERG and
BLÖDOW (1981)

CLAUS (1983);
CLAUS et al. (1985a
1985b)

NEUPERT et al.
(1995)

KELLER et al. (1997)
↑

N.c.

N.c.
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Table 20: Photoperiod/season/temperature
Management strategies

Race

Increasing day length simulation
(1400 lux)

Decreasing day length simulation
(1400 lux)

Yorkshire x
Hampshire

Control group/natural photoperiod:
6.5 hours light/17.5 hours darkness
(150 lux)

Duration/period
Androst
Effect in
/season
enone

Boar taint
Skatole sensation/
intensity

Corresponding
the photoperiod
from March to
August

↓

↓

↓

Corresponding
Adipose
the photoperiod
tissue
from September
to February

N.c.

N.c.

↑

January to June

↑

↑

N.c.

↑

N.c.

N.c.

↓

N.c.

N.c.

↓

N.c.

N.c.

↑

N.c.

N.c.

(↓)

N.c.

(↓)

Poor light conditions in herd No 3

Noroc

Autumn

Natural mating season; single and
mixed sex groups

Large White x
Landrace x Large
White

August to
January

Adipose
tissue

Adipose
tissue

Mixed sex groups with gilts

Author

ANDERSSON et al.
(1998b)

ALDAL et al. (2005)

PATTERSON (1982)

Landrace
Single sex groups

March to July

Decreasing photoperiod from July (17 (Landrace x
hours light) to December (7 hours
Yorkshire) x
light)
Hampshire

Autumn

Adipose
tissue
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ANDERSSON et al.
(1998a)
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Table 20: Photoperiod/season/temperature
Boar taint
Skatole sensation/
intensity

Author

↑

N.c.

N.c.

WEILER et al. (1995)

Adipose
tissue

↓

N.c.

N.c.

Spring

Adipose
tissue

↑

Ø

↑

(Large White x
Landrace) x Piétrain

Autumn

Adipose
tissue

Ø

↑

Ø

PRUNIER et al.
(2013)

Crossbred from 6 EU
countries

Winter

Adipose
tissue

N.c.

(↓)

N.c.

WALSTRA et al.
(1999)

Yorkshire x
Hampshire

Spring/summer
and
autumn/winter
conditions

Adipose
tissue

Ø

Ø

N.c.

ZAMARATSKAIA et
al. (2004a)

Artificial spring

Adipose
tissue

Ø

VAN DER PEETSCHWERING et al.
(2013)

Management strategies

Race

Duration/period
Androst
Effect in
/season
enone

Increasing day length; from 8 to 16
hours light per day

Hybrids and
crossbred of Piétrain,
Landrace and Large
White

Summer

Adipose
tissue

Slaughter in dark months, October to
March

Noroc and crossbred

Autumn to
spring

Slaughter in February to April

Duroc x Swiss Large
White x Swiss
Landrace

Growing from September to
December 4)
Slaughtering in December to January

Artificial photoperiod

Increasing light conditions (16 hours), Norwegian Landrace
green light (8 hours); (40 lux)
x Large White
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Ø

Ø

FREDRIKSEN et al.
(2006b)
PAULY et al.
(2009e); PAULY and
BEE (2007)
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Table 20: Photoperiod/season/temperature
Management strategies

Race

Increasing day length from January to
May and with a light intensity of 440
Lux 5)
Noroc and crossbred
Decreasing day length of August to
December by poor light intensity of 60
Lux 6)
Temperatures of 17 °C in pig house

Duration/period
Androst
Effect in
/season
enone

↑

Spring

N.c.

Autumn

Winter

Adipose
tissue

Summer

Author

N.c.

Adipose
tissue

Crossbred
Temperatures of 22 °C

Boar taint
Skatole sensation/
intensity

FREDRIKSEN et al.
(2006a)
N.c.

N.c.

N.c.

N.c.

↓

N.c.

N.c.

↑

N.c.

HANSEN et al.
(1994)

Temperatures of 30 °C, together with
lying in faeces 7)

Crossbred

One week

Adipose
tissue

N.c.

↑

N.c.

HANSEN et al.
(1995)

April to September

Noroc and crossbred

Warm season

N.c.

N.c.

(↑)

N.c.

FREDRIKSEN et al.
(2006b)

1) Increased libido; higher volume of ejaculation
2) Testosterone increased
3) IGF-1 increased
4) Increased testosterone, mounting behaviour and testes weight
5) No effect on sexual maturity
6) Higher aggression and injuries
7) Indole increased
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2.4.4.4 Sex composition of pig groups/mixed or single sex group
There is a widespread opinion that the rearing of entire male pigs in mixed sex groups lead to
boar taint problems. Detailed information about the number of animals in groups and weights at
slaughter are list in Table 21.
Only in pigs kept in mixed sex groups, with slaughter weights over 100 kg boar taint was
detected, because of the beginning sexual maturity and activity (ANDRESEN 1976; PIGCAS
2008). However, without limitation or negative impact, boars are penned together with female
pigs in Spain (main slaughter weight: 90-120 kg) and Great Britain (main slaughter weight:
70-77 kg) (STOLL 2002).
LERCHE (1936) described that sexual odour could be suppressed if sexual activity was
prevented by gender-separated transport and housing. PIATKOWSKI and JUNG (1967)
suggested a mono-sex keeping of pigs in groups of nine animals could result in a decreased
sexual odour and flavour in the fat of boars evaluated by a trained panel. ANDRESEN (1976)
demonstrated that mating increased plasma levels of androstenone occurring within minutes
after mating. Sexual stimulation and mating increased the plasma androstenone concentration
for over two days and resulted in a twice higher level of fat androstenone in one Landrace boar
of 108 kg weight (CLAUS and ALSING 1976). In the study by WALKER (1978), sensory
evaluation yielded significantly stronger odour in fat if boars were reared in mixed-sex groups
but only in one fattening group keeping six animals in pen. This effect could not be duplicated in
other fattening groups, with ten pigs in a pen.
The fattening of young boars in groups of six, together with female pigs, favoured the deposition
of androstenone in fat if there was visual, additive and olfactory contact to female pigs
(BONNEAU and DESMOULIN 1980). When Yorkshire boars were reared individually without
the presence of female pigs for two days, their plasma androstenone concentrations were lower
and exhibited less variation (NARENDRAN et al. 1982). This seemed to confirm stimulatory
influence of the attendance of female pigs on steroid secretion in boars with auditory and
possibly olfactory stimuli being sufficient. The problem of boar taint seemed to be reduced by
keeping boars individually without visual, auditory and olfactory contact to mature female pigs.
However, in this study only six mature pigs up to 200 days of age were investigated.
There was no rise of androstenone levels in fat, if boars and gilts were reared together up to a
slaughter weight of about 100 kg. However, if crossbred pigs (Large White x Landrace)
achieved heavier weights of 110 kg, the presence of female pigs led to higher concentrations of
androstenone in fat by a group size of eight animals. Therefore, a split-sex rearing was
recommended in the weight category of 100 to 110 kg (LIGHTFOOT 1979; PATTERSON and
LIGHTFOOT 1984). These findings resulted in the common conclusion that rearing boars in
mixed sex groups led to boar taint problems, but only at slaughter weights of over 100 kg
(PIGCAS 2008). ZAMARATSKAIA´s (2004) thesis exhibited high levels of androstenone in fat
and plasma of crossbred boars raised in mixed sex pens with eight to ten pigs instead of single
sex rearing. But, as opposed to PATTERSON and LIGHTFOOT (1984), the effect was only
observed in low-weight pigs of 90 kg but not at weights of 100 to 115 kg.
In contrast, crossbred boars with olfactory, auditory and tactile snout contact to female pigs
showed no differences in the intensity of boar taint or the concentrations of androstenone,
skatole or indole in adipose tissue (HANSSON et al. 1980). This was confirmed by
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PATTERSON (1982) raising entire male mixed with female pigs. The Landrace and Large White
boars exhibited lower fat androstenone concentrations compared to boars raised in all-male
groups. It was assumed that boars in mixed groups avoided aggressive and stressful situations
by remaining more anonymous (PATTERSON 1982), while entire male pigs with weights of 116
kg in single-sex groups exhibited more scratches and mounting resulting in higher frequency of
injuries (RYDHMER et al. 2006). There was a tendency observed for reduced skatole
concentrations in back fat of crossbred entire male pigs of 105 kg raised together with female
pigs within a pen (ANDERSSON et al. 1997).
In the investigation by ALLEN et al. (1997), boars reared separately had higher but not
significant scores for boar taint compared to boars in mixed sex groups of 14 animals. Boar taint
was evaluated by a trained sensory panel. In contrast to female pigs being more mature in
mixed sex pens, sexual maturity of entire male pigs of 115 kg weight was not influenced by
female contact (ANDRESSON et al. 1999; ANDERSSON et al. 2005). In addition, there were no
differences in skatole and androstenone concentrations in fat between entire male pigs reared
in mixed or single sex groups up to ten pigs (ANDERSSON et al. 2005). Additionally, the sexual
behaviour of entire male pigs was not stimulated by the presence of female pigs, and the sexual
development did not differ from boars reared in single sex or mixed sex pens (RYDHMER et al.
2006).
In the investigation by CHEN et al. (2007a), raising systems had an effect on indole levels.
Against the expectations, boars (90 and 100 kg live weight) being penned in mixed sex groups
with a number of nine pigs per pen exhibited lower indole levels in plasma in contrast to pigs
being raised in single sex pens or in mixed sex groups (seven pigs per pen).
However, raising conditions did influence neither indole levels at higher live weight of 115 kg,
nor androstenone and skatole concentrations.
While weight of bulbourethral glands increased in boars with visual contact to female pigs, there
was no corresponding effect on testis weight and fat androstenone levels (OLIVER 2009). In the
investigation by FÀBREGA et al. (2011), housing systems did not affect boar taint in carcasses.
While the visual contact to females influenced weight of the bulbourethral gland and length of
testicle, no effects on androstenone and skatole levels in adipose tissue were observed. The
risk for boar tainted carcasses was similar for male pigs having visual contact to either female or
male pigs (FÀBREGA et al. 2011). Whether boars were penned in all male groups or in mixed
sex groups with gilts, there was neither an effect on boar odour intensity nor on panel scores for
fresh and cured meat (SMITH et al. 1984).
The same sexual activity was found in the mixed sex group as well as in the all-male group.
However, the weight at slaughter was about 90 kg with 21 weeks indicating that the boars were
pre-mature (BOYLE 2011). There was no difference in two mixed sex groups (boars/castrates;
boars/gilts) with view on aggressive behaviour, however boar groups showed a higher
frequency of aggressive behaviour and skin lesions, than groups of castrates or gilts
(HOLINGER et al. 2013; 2014). Keeping boars with weights up to 105 kg in mixed sex groups of
14 animals was recommended by several researchers (BJÖRKLUND and BOYLE 2006;
BOYLE and BJÖRKLUND 2007; Conte et al. 2010), because less aggression at feeding and
twice lower frequency of mounting were observed. However, if females were kept in mixed sex
groups, welfare problems emerged, like mounting and unwanted pregnancy. Therefore, single
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sex groups for female pigs were endorsed (BJÖRKLUND and BOYLE 2006; BOYLE and
BJÖRKLUND 2007).
In contrast, RHDYMER et al. (2006) entertained some doubt that the aggressive behaviour of
entire male pigs was reduced by the presence of female pigs.
Altogether, a higher stress of housing, like poor stable hygiene, high number of animals in pens
or frequent reposition of the pigs, was responsible for more deposition of androstenone than
sexual stimulation through the vicinity of female pigs (VOSS and HOLTZ 1981). After several
times of repositioning the pigs during the fattening period, there was an increasing amount (from
10 % up to 25 %) of carcasses being refused.
In contradiction, results of other investigations detected influences neither on boar taint
perceptions nor on skatole and androstenone levels in adipose tissue by the rearing system
(ANDERSSON et al. 2005).
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Table 21: Sex composition of pig groups/mixed or single sex group
Weight
(in kg);
age (in
days)

Num
ber of
Effect
pigs
in/by
in
group

Other boar
And
taint
rostenone
compounds

Boar taint
sensation/
intensity

Effect on
sexual
behaviour

Author

Mixed sex groups N.c.

> 100

N.c.

N.c.

N.c.

N.c.

↑

N.c.

PIGCAS (2008)

Mixed sex groups N.c.

70-120

N.c.

N.c.

N.c.

N.c.

Ø

N.c.

STOLL (2002)

N.c.

Prior to
N.c.
slaughter

N.c.

N.c.

N.c.

N.c.

↓ sexual
activity

LERCHE (1936)

N.c.

30-110

9

N.c.

N.c.

N.c.

(↓)

N.c.

PIATKOWSKI and
JUNG (1967)

Norwegian
Landrace

90

3/5/10

Plasma

↑

N.c.

N.c.

N.c.

ANDRESEN (1976)

N.c.

N.c.

N.c.

CLAUS and ALSING
(1976)

N.c.

(↑)

N.c.

WALKER (1978)

N.c.

N.c.

N.c.

NARENDRAN et al.
(1982)

Management
strategies

Gender
separated
transport and
housing
Single sex
groups
Mating

Race

Sexual
stimulation and
mating

Landrace

108

1

Mixed sex groups

Large White and
80.5
Landrace

6

Individually
penned, no
visual, auditory
Yorkshire
and olfactory
contact to female
pigs for 2 days

200

1

Plasma and
adipose
↑
tissue
Sensory
N.c.
evaluation

Plasma

↓
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Table 21: Sex composition of pig groups/mixed or single sex group

Management
strategies

Race

Mixed sex groups
Large White
with gilts

Weight
(in kg);
age (in
days)
95

Crossbred pigs
Mixed sex groups of Large White
and Landrace

100

Crossbred pigs
of Yorkshire,
Mixed sex groups Hampshire,
Duroc or Wild
Boars
Crossbred pigs
Olfactory and
of Swedish
auditory and
Landrace,
tactile snout
Swedish
contact to female
Yorkshire,
pigs 1) 3)
Hampshire

90

Num
ber of
Effect
pigs
in/by
in
group
Adipose
1/6
tissue
8

110

8-10
100-115

N.c.

Purebred and
crossbred of
Mixed sex groups
87
Large White and
Landrace

Other boar
And
taint
rostenone
compounds

Boar taint
sensation/
intensity

Effect on
sexual
behaviour

Author

↑

N.c.

N.c.

N.c.

BONNEAU and
DESMOULIN (1980)

Ø

N.c.

N.c.

N.c.

↑

N.c.

N.c.

N.c.

↑
Plasma and
adipose
Ø
tissue

N.c.

N.c.

N.c.

Adipose
tissue

N.c.

N.c.

N.c.

LIGHTFOOT (1979);
PATTERSON and
LIGHTFOOT (1984)

ZAMARATSKAIA
(2004)

N.c.

Adipose
tissue

Ø

Ø indole

Ø

N.c.

HANSSON et al.
(1980)

N.c.

Adipose
tissue

↓

N.c.

N.c.

N.c.

PATTERSON (1982)
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Table 21: Sex composition of pig groups/mixed or single sex group

Management
strategies

Race

Weight
(in kg);
age (in
days)

Num
ber of
Effect
pigs
in/by
in
group

Single sex
groups

Swedish
Landrace x
Mixed sex groups Large White

Crossbred pigs
of Swedish
Mixed sex groups Landrace,
2)
Swedish
Yorkshire,
Hampshire
Crossbred pigs
Separately
of Large White
penned boars
and Landrace
Mixed sex groups
1)

Visual contact to
female pigs 1)

Swedish
Landrace x
Yorkshire
(Large White x
Landrace) x
Duroc

116

7/9

Other boar
And
taint
rostenone
compounds

Boar taint
sensation/
intensity

Effect on
sexual
behaviour

N.c.

N.c.

↑ injuries

N.c.

N.c.

N.c.

N.c.

Ø stimulation
of sexual
development
and behaviour

N.c.

Author

RYDHMER et al.
(2006)

105

8-10

Adipose
tissue

N.c.

N.c.

N.c.

N.c.

ANDERSSON et al.
(1997)

90

14

Sensory
evaluation

N.c.

N.c.

(↑)

N.c.

ALLEN et al. (1997)

115

8-10 /
7-9

Adipose
tissue

Ø

N.c.

Ø

Ø sexual
maturity

ANDRESSON et al.
(1999, 2005)

10

Adipose
tissue

N.c.

↑ bulbourethral
FÀBREGA et al.
glands and
(2011)
testis

105-130

Ø

N.c.
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Table 21: Sex composition of pig groups/mixed or single sex group

Management
strategies

Race

Mixed sex
groups, with 9
pigs per pen 1)
Single sex
groups or mixed
sex groups, with
7 pigs per pen
Mixed or single
sex groups

Landrace x
Yorkshire

Visual contact to
female pigs

Pigs from
France and
Spain

Mixed sex groups

Weight
(in kg);
age (in
days)

Mixed sex groups
and all male
Irish pigs
groups

Other boar
And
taint
rostenone
compounds

9

Ø

Boar taint
sensation/
intensity

Effect on
sexual
behaviour

↓ indole

N.c.

N.c.

N.c.

↑ indole

N.c.

N.c.

N.c.

Ø indole

N.c.

N.c.

Author

90-100
7

115

Landrace x
Large White

Num
ber of
Effect
pigs
in/by
in
group

Plasma

7/9

CHEN et al. (2007a)

8/12

Adipose
tissue

Ø

N.c.

N.c.

↑ bulbourethral
glands; ø
OLIVER (2009)
weights of
testis

20-80

8

Heated
back fat
from fresh
and cured
meat

N.c.

N.c.

Ø

N.c.

SMITH et al. (1984)

90

14

N.c.

N.c.

N.c.

Ø

Ø sexual
activity

BOYLE (2011)

30-110

100
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Table 21: Sex composition of pig groups/mixed or single sex group

Management
strategies

Race

Mixed sex groups N.c.

(Landrace x
Mixed sex groups Large White) x
Large White

Higher housing
stress: bad stable
hygiene, high
number of
N.c.
animals in pens
or frequent
repositioning
Swedish
Rearing system; Landrace x
related pigs 1)
Swedish
Yorkshire

Weight
(in kg);
age (in
days)

Num
ber of
Effect
pigs
in/by
in
group

Other boar
And
taint
rostenone
compounds

Boar taint
sensation/
intensity

Effect on
sexual
behaviour

N.c.

20

N.c.

N.c.

↓ aggression

N.c.

N.c.

Author

HOLINGER et al.
(2014)
BJÖRKLUND and
BOYLE (2006);
BOYLE and
BJÖRKLUND
(2007); CONTE et
al. (2010)

100-105

14

N.c.

N.c.

N.c.

N.c.

↓ aggression;
↑ unwanted
pregnancy

N.c.

N.c.

N.c.

N.c.

N.c.

↑ refused
carcasses

N.c.

N.c.

Adipose
tissue

Ø

Ø sexual
ANDERSSON et al.
maturity; ↓ skin
(2005)
lesions

115

Ø

N.c.

1) No effect on skatole level
2) Decreasing skatole level

101

VOSS and HOLTZ
(1981)
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2.4.4.5 Social hierarchy/split marketing/farrow-to-finish system
Social hierarchy within a pig group seemed to have an influence on the amount of androstenone
and the boar taint level, (for details in race and size of the groups see Table 22). Dominant
animals seemed to have high androstenone concentrations which affected the androstenone
levels of the next-ranking pigs (PIGCAS 2008). Rank order does not affect androstenone levels
directly but is related to puberty which, in turn, influenced androstenone content
(ZAMARATSKAIA 2004). It was assumed that behaviour of aggression and fighting led to
higher androstenone concentrations. This behaviour was provoked by mixing pigs not from the
same litter and the re-grouping of pigs during production in order to get uniform groups for
slaughter (EFSA 2004a; 2004b). In contrast, levels of aggression showed no relation to gonadal
hormone levels (testosterone, oestrone sulphate and androstenone) and had no correlation to
the size of sexual organs in the investigations by ZAMARATSKAIA et al. (2005c). In the study
by MCGLONE and MASON (1988), application of androstenone as an aerosol (0.5 ppm) even
lowered aggression in prepubertal pigs. This supported the suggestion that boar taint was
related to status rather than aggressive behaviour.
HEYDT (1936) cited ELLINGER (1896) who marked a higher sexual agitation if external pigs
were put together which increased sexual odour (HEYDT 1936; 1937). If pigs changed groups
for three or four times, there was a higher incidence of abnormal odour and rejected carcasses
(from 9.8 % to 22.5 %), even in pigs with a weight of 20 kg (WACHELAU and REUTER 1978a;
1978b). In the study by CLAUS et al. (1994), one boar of each group showed high
concentrations of plasma androstenone being not correlated with age but probably with the
dominant behaviour of this boar (CLAUS et al. 1994). It was supposed that high levels of
androstenone in plasma and saliva glands have an impact on pheromones and influence the
endocrine status and sexual development of the other entire male pigs in the group
(ANDRESEN 1976; CLAUS et al. 1994).
Disturbing the social rank in pig groups decreased the level of androstenone to about 10 % of
the average amount of boar taint steroids. The regression of androstenone in belly fat of boars
was in positive correlation to subdominant boars, whereas no effect was observed in female
pigs. Therefore, a selection against boar taint would generate subdominant entire male pigs and
the social hierarchy had to be taken into account in selection processes (JONSSON 1985;
JONSSON and JØRGENSEN 1989). The social rank of the boars, recorded during feeding, was
more important than the aggression effect and the rank was positively correlated to blood
plasma concentrations of androstenone and skatole but not to levels of skatole in faeces
(GIERSING et al. 2000). In contradiction to ANDRESEN (1976), high androstenone levels in
one male pig had no suppressive effect on the androstenone concentration in other male pigs in
the investigation by GIERSING et al. (2000); on the contrary, the levels increased. This was
confirmed by DUIJVESTEIJN et al. (2012) demonstrating that within a pen high maximum
androstenone concentration of one boar resulted in greater concentrations of androstenone in
the boar with the second greatest levels of androstenone.
Lower boar taint prevalence was associated with a higher stocking weight assuming less
aggressive behaviour and a younger age at slaughter weight (VAN WAGENBERG et al. 2013).
There were no effects on androstenone, skatole and indole levels in adipose tissue by keeping
boars in groups or single (PAULY et al. 2009a). However, in a former study by the same
researchers, the perception of boar taint was influenced by husbandry conditions. Boars that
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were individually penned achieved numerically, but not significantly, higher scores for boar
odour and boar flavour than entire male pigs kept in groups (PAULY et al. 2010).
DE BRABANDER et al. (1986) found no difference in androstenone levels in adipose tissue of
boars that were penned individually or in groups of four. In addition, dominant females also, had
no declining influence on sexual maturation or on decreasing skatole levels in plasma on
dominated entire male pigs (HANSEN et al. 2005). NARENDRAN et al. (1980) found no
differences in the androstenone concentration in plasma when comparing dominant and
subdominant entire male pigs, but the concentration seemed to be higher in group-reared boars
than for individually reared entire male pigs.
Removing dominant and strongly tainted boars, separate rearing of the sexes or slaughtering
before sexual maturity were recommended by GIERSING et al. (2000) in order to avoid strongly
tainted boars.
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Table 22: Social hierarchy

Management strategies

Race

Weight
(in kg);
age (in
days)

Dominant animals

N.c.

N.c.

N.c.

N.c.

↑

N.c.

N.c.

PIGCAS (2008)

Mixing and regrouping of
pigs during production 
more aggression and fights

N.c.

N.c.

N.c.

N.c.

↑

N.c.

N.c.

EFSA (2004a; 2004b)

Rank order is related to
puberty

Crossbred pigs
of Yorkshire,
Hampshire,
Duroc or Wild
Boars

8-10

Plasma and
adipose
tissue

Indirect
influence

N.c.

N.c.

ZAMARATSKAIA
(2004)

Aggression

Yorkshire x
Swedish
Landrace

115

7/9

Adipose
tissue

Ø

Ø

Related to
status, not to
levels of
aggression

ZAMARATSKAIA et
al. (2005c)

Androstenone (0.5ppm) in
aerosol reduced aggressive
behaviour in piglets

Crossbred pigs
of Yorkshire,
Hampshire,
Landrace and
Duroc

28

6

N.c.

N.c.

N.c.

N.c.

MCGLONE and
MASON (1988)

↑

ELLINGER (1896)
cited by HEYDT
(1936; 1937)

Put together external pigs

N.c.

90-115

N.c.

Number of
pigs in
Effect in/by
group

Androst
enone

Skat
ole

Boar taint
sensation/
intensity

Author

N.c.

N.c.
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Table 22: Social hierarchy

Management strategies

3-4 x regrouping; changing
of groups

Dominant boar in group

Dominant boar in group

Race

German
Landrace

Weight
(in kg);
age (in
days)

20

1)

Norwegian
Landrace

1)

Crossbreds of
Landrace, Large
75/85
White and
Piétrain

240

Number of
pigs in
Effect in/by
group

Author

WACHELAU and
REUTER (1978a;
1978b)

10

N.c.

N.c.

3/5/10

Plasma and
adipose
tissue

↑

N.c.

N.c.

ANDRESEN (1976)

2

Plasma and
adipose
tissue

↑

N.c.

N.c.

CLAUS et al. (1994)

Adipose
tissue

↓ (10%)

N.c.

N.c.

JONSSON (1985);
JONSSON and
JØRGENSEN (1989)

Plasma

↑

↑

N.c.

Faeces

N.c.

Ø

N.c.

3-11

Adipose
tissue

↑ in second
boar of
N.c.
rank order

N.c.

DUIJVESTEIJN et al.
(2012)

≤10

Adipose
tissue

Ø

↑

VAN WAGENBERG et
al. (2013)

20-90

8

High social rank 2)

N.c.

67-114

10

Dutch
N.c.
commercial pigs

Boar taint
sensation/
intensity

Sensory
panel

Danish
Landrace

Higher stocking weight

Skat
ole

↑ abnormal
odour and
rejected
carcasses

Disturbing social rank;
subdominant boars

Boar with highest social rank Crossbred boars 175

Androst
enone

105

Ø

GIERSING et al.
(2000)
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Table 22: Social hierarchy

Management strategies

Race

Weight
(in kg);
age (in
days)

Group of 4 boars or
individually penned

German and
Belgian origin

60-98

4

Adipose
tissue

Ø

N.c.

N.c.

DE BRABANDER et
al. (1986)

Group or single penning 3)

Swiss Large
White

27-107

13

Adipose
tissue

Ø

Ø

N.c.

PAULY et al. (2009a)

Individually penned

Swiss Large
White

107

N.c.

Sensory
evaluation

N.c.

N.c.

(↑)

PAULY et al. (2010)

Dominant female pigs suppressing effect on entire
male pigs

Crossbreds of
Hampshire,
Yorkshire,
Landrace and
Duroc

50-100

4

Plasma

Ø

Ø

N.c.

HANSEN et al. (2005)

Group-reared boars

Yorkshire

120-200

6

Plasma

(↑)

N.c.

N.c.

NARENDRAN et al.
(1980)

Number of
pigs in
Effect in/by
group

1) Suppressing effect on androstenone levels in other boars
2) No suppressing effect on androstenone levels in other boars
3) No effect on indole levels
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Androst
enone

Skat
ole

Boar taint
sensation/
intensity

Author
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In the common practise of split marketing (see Table 23) the slaughter of pigs was performed
on separate occasions where the fastest-growing pigs were removed and slaughtered when
they reached their slaughter weight. Boar taint is potentially influenced by split marketing in two
ways. Firstly, sexually mature boars could stimulate sexual development within androstenone
synthesis in the remaining boars (PAULY et al. 2008). The second way is that aggression, as
well as values for androstenone, could increase in the remaining pigs assuming that a new
dominance hierarchy has to be constituted (EFSA 2011; FREDRIKSEN and HEXEBERG 2009;
ZAMMERINI et al. 2012).
If the fastest growing pigs with probably the highest social ranking were removed, there were
more aggressive interactions among the remaining pigs than by removing the animals with
lower ranking. This is true in both mixed and single sex groups (RYDHMER et al. 2006). A
varying number of pigs (one to four) out of a group of six pigs were removed for slaughtering in
the trial by FREDRIKSEN and HEXEBERG (2009). From that point up until two days after, the
number of fights doubled, and the frequency of fighting by entire male pigs raised from 2.6 to
6.8 times per animal and hour. In addition, frequency of mounting (from 2.3 to 3.3
times/animal/hour) and the number of skin lesions (from 6.7 to 8.7 times in 6 days) increased,
as well.
The split marketing led to higher skin lesions in male pigs (BOYLE and BJÖRKLUND 2007) and
caused a twice higher aggressive behaviour in both sexes in order to re-establish the
dominance hierarchy (BOYLE 2011; RYDHMER et al. 2006).
In smaller social groups, withdrawal of some group members could lead to higher levels of
stress and aggression than in lager social groups. Hence, in a study with a high number of 14
pigs per group, aggressive interactions decreased after removal of the three heaviest pigs at 23
weeks of age. Perhaps the most aggressive pigs were eliminated or more space and easier
access to the feed made the remaining pigs more docile (CONTE et al. 2012). While weight of
bulbourethral glands and testis increased in boars in split marketing groups of 12 animals, there
was no corresponding effect on androstenone levels in adipose tissue (OLIVER 2009). Carcass
traits were not affected by split marketing (CONTE et al. 2012). The remaining pigs exhibited no
higher androstenone concentrations after the process of regrouping (FÀBREGA et al. 2011).
However, a welfare problem was caused by splitting marketing with exacerbating aggression
and increased skin lesions (PIGCAS 2008; VON BORELL et al. 2009).
So-called “farrow-to-finish” or “birth-to-slaughter” systems (see Table 23) were recommended
where pigs were kept in their litter groups from birth to slaughter (including transport and preslaughter lairage). Instead of mixing entire male pigs with unfamiliar pigs, these systems
minimised aggression, fighting and skin damages (ANDERSSON et al. 2005; EFSA 2004a;
2004b; FREDRIKSEN et al. 2006b; 2008; GIERSING et al. 2006; RYDHMER et al. 2013). In
consequence, it was expected that androstenone and skatole concentrations in the fat of entire
male pigs would decrease. The investigations of different management procedures in a trial by
ALDAL et al. (2005) supported the assumption that keeping pigs together from birth to slaughter
resulted in a lower percentage of out sorted carcasses. Only 7.5 % to 2.5 % of carcasses would
have been sorted out according to threshold values being used for boar taint compounds
(skatole ≥ 0.21 ppm; androstenone ≥ 0.50 ppm or ≥ 1.00 ppm), compared to other management
of herds achieving significantly higher percentages (9.8 % – 65.9 %) of sorted out carcasses.
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In the investigation by FREDRIKSEN et al. (2006b), androstenone levels above 1.0 ppm were
detected in 52.7 % of pigs in the mixed litter group and only in 44.8 % of pigs in the farrow-tofinish group. Eight to eleven pigs were penned together in this study. So, the mixing of pigs from
different litters influenced behaviour and androstenone concentrations even if the mixing was
performed at an early age of 25 kg live weight. Therefore, a functional, positive feedback
system between high levels of androstenone and aggressive and sexual behaviour was
demonstrated (FREDRIKSEN et al. 2008).
However, the skatole concentrations did not differ between the two groups, and converting from
a conventional system to the “farrow-to-finish” management would require high and costly
efforts (FREDRIKSEN et al. 2008). Therefore, the “farrow-to-finish” system did not solve the
problem of boar taint on its own, but contributed to minimising boar taint together with other
efforts in management (FREDRIKSEN et al. 2006b).
WESOLY et al. (2015) demonstrated, that pre-slaughter conditions affected androstenone and
skatole in a different way. Androstenone levels responded to the duration of transport to the
abattoir with an increase of 0.09 μg/g fat per hour of transport time correlating to testosterone
levels and testicular function. Skatole concentrations were influenced by both transport and the
time spent on the vehicle after arriving at the abattoir and increased by 21.5 ng/g fat per hour of
pre-unloading time reflecting stressful condition and skin lesion.
No differences were found by FÁBREGA et al. (2013), either in sexual or aggressive behaviour
in growth performance, nor in Cortisol levels of saliva samples. They compared the wean-tofinish strategy, where boars were kept together in groups from the weaning period up until
slaughter, with a conventional method where boars were mixed. However, if boars of a wean-to
finish system were slaughtered by split marketing, less skin and carcass damages were
observed. An easier reestablishment of social rank in remaining pigs of the wean-to-finish group
was assumed. Therefore, a wean-to-finish rearing strategy together with a pen wise slaughter
system was recommended.
RYDHMER et al. (2013) demonstrated more intense sexual behaviour in mixed groups of
unknown pigs at 60 kg; however, at slaughter (116 kg) there were no differences detectable in
boar taint compounds.
Some studies have failed to mention levels of boar taint relevant compounds (FÁBREGA et al.
2013; RYDHMER et al. 2013). More research is required to investigate birth-to-slaughter
systems (farrow-to-finish), because it tended to be important that litters were penned together
throughout the rearing period even though genders were mixed (PIGCAS 2008).
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Table 23: Splitting marketing/farrow to finish system

Race

Weight
(in kg);
age (in
days)

Number
Effect
of pigs in
in/by
group

Andro
Effect on sexual
steno
behaviour
ne

Author

N.c.

N.c.

N.c.

N.c.

N.c.

N.c.

PAULY et al. (2008)

N.c.

N.c.

N.c.

N.c.

N.c.

N.c.

EFSA (2011);
ZAMMERINI et al. (2012)

Swedish Landrace x
116
Large White

7/9

Boars and
female
pigs

N.c.

↑ aggression

RYDHMER et al. (2006)

Noroc

75

6

N.c.

N.c.

↑ fights and
mounting

FREDRIKSEN and
HEXEBERG (2009)

Splitting marketing

Irish pigs

90

14

Boars

N.c.

↑ aggression

BOYLE (2011)

Splitting marketing

(Landrace x Large
100-105
White) x Large White

14

Boars

N.c.

↑ skin lesion

BOYLE and BJÖRKLUND
(2007)

Removing the 3 heaviest pigs in
larger groups 1)

(Landrace x Large
161
White) x Large White

14

N.c.

↑

↓ aggression

CONTE et al. (2012)

Splitting marketing

Pigs from France
and Spain

30-110

8/12

Adipose
tissue

Ø

↑ bulbourethral
glands and testis

OLIVER (2009)

Regrouping of remaining pigs

(Large White x
Landrace) x Duroc

105-130

10

Adipose
tissue

Ø

N.c.

FÀBREGA et al. (2011)

Splitting marketing

N.c.

N.c.

N.c.

N.c.

N.c.

↑ aggression/skin
lesions

PIGCAS (2008)

Management strategies
splitting marketing
Sexual stimulation by mature
boars
Constitution of new dominance
hierarchy in remaining pigs
Removing fast growing and high
ranking pigs in mixed and single
sex groups
Removing 1 to 4 pigs out of a
group of 6; constitution of new
dominance hierarchy
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Table 23: Splitting marketing/farrow to finish system

Race

Weight
(in kg);
age (in
days)

Number
Effect
of pigs in
in/by
group

Andro
Effect on sexual
steno
behaviour
ne

Author

Birth-to-slaughter system 2)

Noroc

75/110

N.c.

N.c.

N.c.

N.c.

ALDAL et al. (2005)

Farrow-to-finish 3)

Noroc

113/147

8/9/11

Adipose
tissue

↓

↓ aggression; skin
damaging

FREDRIKSEN et al.
(2006b; 2008)

Piétrain x BW
Hybrids; Duroc x
Danbreed

Boars/
Blood and
adipose
tissue

↑

↑ testicular function

120

N.c./
mixing of
animals

Ø

↑ skin lesions,
skatole levels

(Large White x
Landrace) x Duroc

120

12

Boars

N.c.

Ø aggression;↓ skin
damaging

FÀBREGA et al. (2013)

N.c.

116

N.c.

N.c.

Ø

↓ aggression;↓ skin
damaging

RYDHMER et al. (2013)

Management strategies
“farrow-to-finish” or “birth-toslaughter” systems

Transport to the abattoir/ mixes
groups
Transport/ Spending time on the
vehicle after arriving/ mixed
groups.
Wean-to-finish system compared
to conventional mixing of pigs;
slaughtering by splitting
marketing or pen wise 1)
Farrow-to-finish 3) 4)

1) No effects on carcass traits
2) Reduced carcasses sorted out
3) No effect on skatole
4) No effect on indole
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2.4.5

Age and weight of boars

The effect of weight and age at slaughter with view to the incidence of boar taint has been
intensively studied by several authors (ALDAL et al. 2005; ALUWÉ et al. 2011a; BOOTH 1975;
CHEN et al. 2007a; CLAUS 1975; CLAUS et al. 1971; FALKENBERG and BÜLOW 1981;
HENNESSY et al. 1997b; KALLWEIT et al. 1999; MALMFORS and HANSON 1974;
PARUNOVIC et al. 2010; VAN OECKEL et al. 1996; ZAMARATSKAIA 2004; ZAMARATSKAIA
et al. 2005a; ZAMARATSKAIA et al. 2012). The incidence of boar taint was not influenced by
weight or age effect alone. These parameters were expressions of sexual maturity and
physiological development of pigs being responsible for steroid expression (DUTT et al. 1959;
MALMFORS and HANSON 1974).
Pigs are slaughtered with different live weights in the EU countries, and there is a considerable
variation in carcass weights range from 65 to 88 kg (KALLWEIT et al. 1999; WALSTRA et al.
1999). The results are difficult to compare. Because, many investigations analysed weight and
age targeted or by the way. Therefore, a review about weight and age in correlation with boar
taint would not be complete and only essentials items are listed in the following.
In some investigations, steroid production and boar taint perception did not increase until the
age of 200-250 days (CLAUS 1975) and higher live weights from 70 to 130 kg (FALKENBERG
and BÜLOW 1981; HENNESSY et al. 1997b; MALMFORS and HANSON 1974). Results by
Walker (1980) showed that boars (125 kg live weight) had significantly stronger smelling
subcutaneous fat, if they grow up fast (750g/day). This was in contradiction to the results by
ZAMMERINI et al. (2009) showing no differences in abnormal odour and flavour between boar
groups with 110 kg live weight growing faster (>700 g/d) or slower (590 g/d).
Skatole levels in adipose tissue increased two times at 180-190 days and 240-360 days of age
after increasing in testicular steroids levels at puberty (BABOL 2004; ZAMARATSKAIA 2004;
ZAMARATSKAIA et al. 2004b). ZAMARATSKAIA (2004) detected low skatole concentrations in
fat and plasma at 90 kg live weight and the results of a sensory panel study by MARTIN et al.
(1968) revealed that boars with weights of approximately 90 kg were free of abnormal taint and
flavour after cooking. However, androstenone levels in fat could not be altered by different live
weights (ZAMARATSKAIA et al. 2005a) and live weight per se could not be used as
determinant of the pubertal development when pigs were fed ad libitum (PRUNIER et al. 2013).
Additional studies have shown that slaughter at lower weight or a young age does not entirely
eliminate boar taint. SMIDT (1968) had already discovered a fully developed sexual odour at a
weight of 80 kg. In 15 % of boars with 100 kg live weight, boar taint perception was found by a
sensory panel (XUE et al. 1996b). And in the study by ALDAL et al. (2005), they found high
concentrations of skatole and androstenone in adipose tissue even in young boars with
110 days of age and below a live weight of 75 kg. With a mean live weight of 53-62 kg for pigs,
skatole concentrations were ≥ 0.21 ppm fat in 13.0 % of the carcasses, and threshold values of
≥ 1.00 ppm fat for androstenone concentrations were reached in 8.3 % of the carcasses.
ANDRESSON et al. (2005) also found that slaughtering entire male pigs with a mean 90 kg live
weight did not attain sufficient reduction of high concentrations of androstenone and skatole in
adipose tissue. PARUNOVIC et al. (2010) investigated skatole levels in boars (Landrace x
Large Yorkshire) with weights of 70 kg already and revealed that 26.7 % of boars had skatole
levels in fat of ≥ 0.25 ppm. In addition, skatole levels significantly correlated with the sensory
assessment of boar taint (PARUNOVIC et al. 2010).
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BABOL et al. (2004) detected a correlation between breed and age with view to skatole levels in
plasma with the highest skatole levels in pigs being Yorkshire and Landrace at 190-260 days of
age. In boars of the Hampshire and Duroc breeds, high skatole levels were observed for a
longer period, up to 360 and 310 days, respectively. ALUWÉ et al. (2011a) noticed that the
reduction of boar taint by decreasing weight at slaughter was effective only if breed was
considered. Boars of the Large White breed showed the highest levels of boar taint, and
therefore, it seemed to be more effective to reduce weight in Large White than in Piétrain in
order to decrease boar taint levels. In the investigation by ZAMARATSKAIA et al. (2012), an
age-related (90 or 115 kg live weight) protein expression of skatole and androstenone
metabolising enzymes in correlation to testicular steroids was detected.
A reduction of slaughter weight minimised the risk of sexual odour, but does not guarantee low
concentrations of androstenone or skatole in adipose tissue (BRACHER-JACKOB 2000;
SCHULZ LANGENHORST et al. 2009). In addition, there was no certainty of pork being free of
boar taint, because the onset of puberty varied widely among breeds and between the individual
pigs (ALUWÉ et al. 2011a; PIGCAS 2008).
It is still not clear which slaughter weight is the practical weight for reducing boar taint while
maintaining economical profitability (ALUWÉ et al. 2011a). From an economic point of view, a
further reduction of slaughter weight below 75 kg is not an attractive alternative (PIGCAS 2008).

2.5 Application of drugs
2.5.1

Literature review

When using drugs for decreasing or eliminating the compounds of boar taint or the perception of
boar taint, the following approaches were examined:
1) The application of hormones caused a down-regulation of hormonal feed back circles and
targeted to reduce androstenone, whereas skatole was not affected. Gestagens operated in
male animals with an anti-androgenic, anti-estrogenic and anti-gonadotropic effect.
2) Inhibitors of metabolic pathways were searched for both boar taint components. Especially
the enzymes of Cytochrome P 450, 3β-HSD, 5α-reductase and the blocking of the
decarboxylation reaction of skatole were investigated.
3) The application of antibiotics aimed to reduce skatole levels because of its origin out of
bacterial metabolism.
4) The immunocastration blocked the hypothalamic-pituitary-gonadal axis in which the
hypothalamic hormone GnRH stimulates the secretion of LH and FSH in the anterior pituitary.
LH normally induced testicular steroids by binding to receptors on the surface of Leydig cells.
After the vaccination, the binding of natural GnRH to its specific receptor was prevented and
with this the release of LH and FSH as well as steroid hormones (CHEN et al. 2007a;
ZAMARATSKAIA et al. 2008a). In addition, skatole was reduced, too, after vaccination with
Improvac ® (HENNESSY et al. 1997a; SQUIRES and BONNEAU 2004).
2.5.2

Down–regulation of the hypothalamic-pituitary-gonadal axis by exogenous
hormonal drugs

Several trials were carried out between 1954 and 1972 to reduce the specific sexual odour of
boars by using hormones or drugs acting in a similar manner as summarized by ROMMEL et al.
(1974). They concluded that exogenous application of hormones with gestagenic, estrogenic
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and anti-androgenic effects was able to inhibit testicular hormone synthesis even in low
dosages making boar taint no longer detectable. However, the compared trials based on
different weight categories of pigs (50-100 kg). Exogenous steroids and steroid agonists were
effective in decreasing androstenone concentrations in fat (DAXENBERGER et al. 2001) with
the exception of zeranol, a non-steroidal analogue of estrogens (DENZER et al. 1986).
However, the first trials using hormones to block testicular function, stilbenes, androgens and
gestagens showed no sufficient suppression and were unfit for human consumption (ROMMEL
1975a). The effect of sex hormones featured no reliable results to improving sexual odour
(PEARSON et al. 1969) and the use of estrogenic substances to eliminate sexual odour
appeared to be not qualified, because sexual odour could not be removed and the wateriness of
meat increased (BUSCH et al. 1979).
WILLMOWSKY and SMIDT (1969) demanded for clarifying the questions of residues of the
sexual hormones and to create a legal basis for using these hormones in this context.
2.5.2.1 Foragynol
In one of the first attempts for hormonal castration of pigs, the substance foragynol, a diacetate
of dienoestrole, was successfully used in a dose of 85.000 i.U./kg weight (1.7 ml/10 kg) showing
the effect of hormonal castration six to eight weeks prior to slaughter. The diet should have a
low protein and a high carbohydrate proportion (SCHAPER 1953).
2.5.2.2 Stilbene/DES
The subcutaneous implantation of stilbestrol in Duroc boars was investigated by PEARSON et
al. (1952) in two trials: Lot 1 with a duration of 107 days using 1 x 25 mg per pig and 2 x 25 mg
per pig after two months and Lot 2 with a duration of 73 days using one time 50 mg per pig at
the start of the trial. The stable food was corn and soy bean oil. Stilbestrol neither did not affect
palatability nor improve the eating quality of boar pork.
However, CHRISTIAN and TURK (1957) revealed that a daily, oral application of stilbestrol
significantly decreased the scores for boar odour and flavour in pigs with 130 kg slaughter
weight. The breed was not mentioned in this study. A reduction of boar taint perception by half
was achieved using 10 mg of stilbestrol compared to intact boars. Oral application of 50 mg
stilbestrol even lowered the boar taint sensation nearly to levels achieved in castrated male
pigs.
There was no sexual off odour in twelve out of fourteen hormonally treated animals with
different ages and weights not being described in more detail (KMENT and WILLINGER, 1951).
Using a subcutaneous application of 4.4`-dioyx-α-β-diethyl-stilben in an oil suspension (20 ml)
or as a depot formulation (25-75 mg) two times in six weeks resulted in an absences of sexual
off odour in raw and roasted meat and fat. The sexual odour was evaluated by a sensory test
panel not being described exactly.
Subcutaneous implantation of 96 mg DES in boars with approx. 70 kg up to 136.1 kg live weight
resulted in significantly lower scores for sex odour and flavour with no differentiation to the
chops of barrows and prevented development of boar taint highly effectively (ECHTERNKAMP
et al. 1967; MARTIN 1969; PLIMPTON et al. 1965; TEAGUE et al. 1964). Purebred Duroc or
crossbreds of Hampshire x Duroc x Yorkshire were used (ECHTERNKAMP et al. 1967;
TEAGUE et al. 1964) and fed with a staple food based on corn and soy bean oil (TEAGUE et al.
1964). ECHTERNKAMP et al. (1967) implanted DES at 70.3 kg live weight.
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This was in accordance with PIATKOWSKI and JUNG (1967) where slight sexual odour was
abolished by using 100 mg DES implantation in entire male pigs with 75 kg to 80 kg weight. An
additional investigation by PLIMPTON et al. (1971) confirmed earlier findings that subcutaneous
implantation of 96 mg DES at 70 kg live weight in crossbred pigs (Hampshire x Duroc x
Yorkshire) was successful in decreasing scores for boar odour and flavour slaughtering pigs
with 136 kg live weight. This effect persisted for at least 10 weeks.
NEWELL et al. (1973) implanted in crossbred boars of Yorkshire, Hampshire, Landrace and
Lacombe backgrounds 96 mg DES at 70 kg live weight. Animals were fed an 18 % protein diet
and had free water access. The treatment was successful in lowering boar taint in back fat
samples below values of intact male pigs scored by olfactory evaluation. But the levels for sex
odour and flavour of DES implanted boars remained higher than scores for castrated and
female pigs (NEWELL et al. 1973; OCKERMAN et al. 1981). OCKERMAN et al. (1981)
investigated boars applying 96 mg DES at 70 kg live weight, feeding a standard diet and
slaughtering boars with 102.7-134.1 kg live weight. Androstenone concentrations in implanted
crossbred male pigs were lower than in intact boars but failed to reach statistical significance.
Altogether, DES seemed to be potent to reduce boar taint sensation. However, the problem of
residues, the risk of cancer and the prohibition of using DES in animal production make an
application of DES not feasible in practise, and the new considerations of the practical and
successful use of Resveratrol, a substance being similar to DES, are doubtful (see also chapter
3.1.10).
2.5.2.3 Estrogens
Using estrogenic substances to eliminate sexual odour appeared to be not qualified, because
sexual odour could not be removed and the wateriness of meat increased (BUSCH et al 1979).
Feeding a diet including 10 mg estradiol per day only increased estradiol in the back fat of entire
male pigs during a period from a mean initial weight of 36.6 kg to an average slaughter weight
of 84.1 kg. However, there was no effect on fat skatole or on scores for boar taint when
evaluated by androstenone and skatole sensitive testing persons. The breed of pigs was not
recorded (MORTENSEN 1991).
The use of estrogens and gestagens to influence testicular steroid production achieved no
sufficient or practicable results (BUCHER 2005). These methods failed in 20 % of the treated
animals. Because of the residues, withholding periods have to be observed, but withholding
periods that are too long, could, in turn, result in a new deposition of androstenone.
2.5.2.4 Progesterone
Using crossbred (Chester White x Yorkshire x Duroc) boars, KLUBER et al. (1988) investigated
the effect of a 20 mg altrenogest (progesterone) application per day for six weeks (15-21 week
of age) with a following 30 day-period of withdrawal. Pigs were slaughtered at 25 weeks of age.
In comparison to untreated control boars, the intensity of boar taint as evaluated by a trained
sensory panel was slight lower but did not decrease significantly.
2.5.2.5 Testosterone and Trenbolone together with Estrogens
Androstenone levels in back fat were significantly decreased by implanting REVALOR® for 40 to
45 days which contained 20 mg of 17-β oestradiol and 140 mg trenbolone acetate. The
treatment began at a weight off approx. 60 kg and pigs were slaughtered at 98 kg weight and
160-170 days of age. The breed of pigs was not mentioned. The mean value of fat
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androstenone concentration of approx. 0.5 ppm was reduced to 0.1 ppm (DE BRABANDER et
al. 1986). The same group achieved similar results using natural steroids in boars slaughtered
with 98 kg 50 days after implementation. Application of 34 mg estradiol-17-beta or Synovex®
containing 20 mg estradiol and 200 mg testosterone at the base of the ear for 50 days reduced
concentrations of back fat androstenone. Treatment with 34 mg estradiol-17-beta lowered the
incidence of abnormal odour in back fat samples of boars evaluated by sensory analysis.
However, the use of Synovex® did not affect abnormal odour or boar taint sensation and the
natural steroids had no effect on skatole concentrations in back fat (DE BRABANDER 1991).
Androstenone accumulation in adipose tissue could be decreased or blocked by administrating
anabolic hormones, but the efficiency depended on the dose (DAXENBERGER et al. 2001).
Intra muscular Synovex-H® implants with 400 mg trenbolone acetate and 56 mg oestradiol
benzoate in crossbred boars (Landrace x Piétrain) with 80.5 kg for 5 weeks reduced fat
androstenone levels to basal levels. The finishing diet contained 12.9 MJ/kg and 18 % crude
protein. A higher hypothalamic negative feedback activity was attributed to trenbolone
compared with testosterone. Inconsistent and less effective decreases of fat androstenone
concentrations in boars with 80.5 kg were observed using intra muscular implants from
Synovex-P® with 400 mg testosterone propionate and 40 mg oestradiol benzoate for 5 weeks
(DAXENBERGER et al. 2001).
However, a treatment with hormones could not be recommended, because there were animals
that did not respond to the anabolic substance, and residues exceeded the permitted tolerance
limits (BUCHER 2005; DAXENBERGER et al. 2001).
No effect on aroma and flavour of pork was found by SLEETH et al. (1953) using
intramuscularly injection of 0.5 mg/kg testosterone propionate, 1.0 mg/kg estradiol benzoate
and the combination of these two sex hormones for six weeks. It was impossible to detect boar
taint in carcasses. The investigated boars had an initial weight of 46.5 kg and a final weight
ranging from 177.7 kg to 192.1 kg. Pigs were purebred Duroc and Hampshire being fed a diet
containing corn and soybean oil.
2.5.2.6 Testosterone
In barrows, the implantation of testosterone capsules (1.6 ng/ml testosterone or 6.2 ng/ml
testosterone propionate) did not induce boar taint and reduced serum LH (SCHANBACHER et
al. 1985). There was a reduction in boar taint levels, assessed by sensory evaluation, in male
pigs at 175 days of age and 75 kg in weight as a result of neonatal administration of 100 mg of
testosterone propionate due to a decreased endocrine LH secretion. There was no changing of
performance or desirable characteristics of carcasses and no potential risk to consumers was
assumed (LOPEZ-BOTE and VENTANAS 1988).
However, adding 20 mg of testosterone per day to the diet significantly reduced skatole in back
fat and the boar taint sensation as evaluated by androstenone and skatole sensitive test panels.
Feeding periods ranged from a mean initial weight of 36.6 kg to an average slaughter weight of
84.1 kg (MORTENSEN 1991).
2.5.2.7 Gestagens/inhibitors: NTÖ, CMA, CPA, 19-NTA
The practise of female sexual hormones (estrogens) failed to be used in animal fattening
because the effect and utilisation were unreliable. Basically feasible was the usage of
gestagens and anti-androgens so that a reduction or elimination of boar taint was possible
(SMIDT 1968). Of particular interest was the early application of gestagens, for instance in the
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first weeks after birth, resulting in a delay of both puberty and boar taint presence. It was
assumed that the long waiting period between treatment and slaughter resulted only in a slight
quantity of hormones and the food law would have no objections (SMIDT 1968). However, the
problems of residues from hormones like androgens and estrogens were not clarified, and in the
former Federal Republic of Germany only the use of gestagens was permitted by law (HORST
and BADER 1969).
CPA is an inhibitor of the 3β-HSD enzyme (VON TEICHMAN-LOGISCHEN KÖHLER 2001).
The gestagen and particularly the anti-androgen effect of an oral application of 200 mg CPA per
day achieved a complete inhibition of odour formation in boars (110 kg) (HORST and BADER
1969; ROMMEL et al. 1974).
Against this, sexual odour in boars with 110 kg was distinctly decreased but not completely
eliminated by CMA and NTÖ, a gestagen-induced inhibition of gonadotropin release. CMA and
NTÖ in different doses of 50 mg to 55 mg were administered orally and intra-muscularly
(HORST and BADER 1969; ROMMEL et al. 1974).
CLAUSSEN et al. (1972) supposed a suppressive effect on the sexual odour of boars (256 days
of age) using the gestagen and anti-androgen effects of CPA/CMA in dosages of 100 mg and
200 mg per animal. The injection was done two times, at the 80th and 156th day postnatal.
However, the results showed a wide variance in the test groups.
In contradiction to HORST and BADER (1969), sexual odour was mostly or totally eliminated
after treatment with gestagens in a trial by SCHILLING and JÖCHLE (1969). A single injection
of 3-6 mg/kg NTÖ at a weight of 60 to 75 kg was successful in reducing testicular interstitial
tissue. In addition, two administrations of CPA, 100 mg each per animal, three and six weeks
before slaughter, or one injection of 100 mg CPA followed by 125 mg Lynestrenol orally
reduced testicular interstitial tissue and, thereby, sexual odour. The breed of animals was not
mentioned (SCHILLING and JÖCHLE 1969).
There was a targeted inhibition of LH release after the application of CPA leading to a reduction
of testicular tissue and smaller Leydig cells (SAJONSKI et al. 1978). The d-form of norgestrel
with its gestagenic, androgenic and anti-estrogenic effect had a slighter effect against
gonadotropin release than CPA/CMA in the same dosage and duration of treatment (DORST et
al. 1978). If CPA/CMA was delivered orally in a low dosage of 30 mg/day for a period of
70 days, the sexual odour was not detectable in 95 % of treated boars, and in the remaining
5 % of animals, boar taint was presented only slightly (BUSCH et al. 1979). In 90 % of boars in
the control group, sexual odour was detectable after sensory analysis. However, a great
drawback was the changes in meat characteristics of hormonally treated boars. Lower fat
content and a texture like felt led to problems in meat processing (HAGELSCHUER et al. 1978).
They failed to mention breed, age or weight (BUSCH et al. 1979; HAGELSCHUER et al. 1978).
The treatment with 19-NTA in a dosage of 5 x 1000-5000 mg intramuscular at an interval of
seven days temporally interrupted LH release and steroid synthesis which, in turn, prevented
formation of sexual odour (ROMMEL et al 1975b). Boar taint could be eliminated using 19-NTA
for at least eight weeks in young boars and twelve weeks in old boars, but the question of
residue of 19-NTA was not yet clarified.
KAISER (1978) featured an effect on the urinary steroid concentration and androstenone levels
in fat by following hormones or hormone-like substances: 19-NTA (50 mg/animal/day, starting at
155 day of life for 70 days) and STS 547 (40 mg/animal/day) with a stronger effect; Norgestrel
and CPA/CMA (30 mg/animal/day) with only a slight influence. However, these compounds
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were not practical feasible, because boar taint was removed only incompletely and a lower
quality of carcass and meat was detected.
2.5.2.8 GnRH
No differences in endocrine response (LH and Testosterone) were detected 1.5 hours after
intravenous injection of 0.7-0.8 µg/kg of Buserelin (Receptal® Vet., Hoechst Roussel Vet), a
GnRH analogue (ANDERSSON et al. 1998b). Crossbred boars (Yorkshire x Hampshire) at 100109 days of age and were fed ad libitum (12.3 MJ/kg; 16.8 % crude protein) (ANDERSSON et
al. 1998b).
Other studies demonstrated that a GnRH-Agonist (leuprolide) inhibited reproductive function in
young mature boars (nine months). It constituted a chemical form of castration depressing
androgen hormone production for 30 days (REID et al. 1996; XUE et al. 1994; XUE and DIAL
1997).
When crossbred pigs achieved 66 days of age, a single injection of a controlled release
formulation of a GnRH agonist ([D-Trp6, des-Gly10]-GnRH ethylamide) was applied releasing
5 µg/kg/day for four months (REID et al. 1996). This treatment lowered gonadal secretory
activity and reduced off-flavour as evaluated by sensory panellists. The treatment had no effect
on growth performance, but modified some carcass characteristics.
Leuprolide acetate, a GnRH-Agonist, is associated with 16-androstene steroids, a group of
steroid hormones including 5α-androstenone (XUE et al. 1994). XUE et al. (1994) used eight
month old Yorkshire boars (153.4 kg mean weight). A single intramuscular injection of 200
µg/kg of leuprolide acetate for depot suspension, a GnRH-Agonist, reduced 16-androstene
steroid concentrations in fat below the threshold concentrations of 1 ppm with no differences to
concentrations found in barrows and adult castrated male pigs (SCHNEIDER et al. 1998; XUE
et al. 1994). SCHNEIDER et al. (1998) investigated crossbred male pigs (German Large White
x German Landrace) being injected intramuscularly with Triptorelin at 135 days of age. The diet
contained an energy level of 12.5 MJ/kg and 19 % crude protein. Triptorelin (Decapeptyl C.R.®)
is a highly potent GnRH-agonist in a depot formulation (7.5 mg) providing for a peptide release
for four weeks. Triptorelin reduced androstenone in fat and featured a slight reduction in boar
taint sensation as evaluated by a sensory test panel. In this trial, carcass composition was not
affected by GnRH-agonist treatment.
However, in these two trials by Schneider et al. (1998) and XUE et al. (1994), no differences in
skatole concentrations were observed between boars and treated pigs.
Another GnRH analogue, the implant Suprelorin®, contained 4.7 mg of deslorelin which inhibits
the steroidogenesis and sexual function and would have, thus, the potential to remove boar taint
(KAUFFOLD et al. 2010). They used crossbred pigs (German Topig line 40 x Piétrain) and
implanted Suprelorin® at 5 weeks of age and observed the pigs until 26 to 27 weeks of age. But,
the authors failed to quantify concentrations of androstenone and skatole.
ZIECIK et al. (1989) used a potent GnRH Antagonist, GnRH-HOAc, in a dose of 1 mg/kg. This
GnRH Antagonist reduced LH concentrations and suppressed testosterone and oestradiol-17β
levels in piglets at 14 days of age. But, because boar taint was not decreased at maturity, this
effect was not long lasting.
Despite some effectiveness, this strategy had to be assessed as hormonal treatment which is
unfavourable by the consumer in the EU Directive 96/22/EC (EU 1996; EFSA 2004a) and
therefore, not feasible in practise (BRACHER-JACKOB 2000).
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2.5.2.9 pST
Daily administrations of 5 mg recombinant pST in Large White x Piétrain boars from 68 to
105 kg live weight lowered androstenone levels in fat from 0.66 ppm (control group) to 0.35 ppm
while skatole levels were not affected (BONNEAU et al. 1992c). Boars were fed ad libitum with
a cereal-soy diet (12.93 MJ/kg; 17.37 % Protein). Similar results were reached by BABOL et al.
(1996b) using 5 mg recombinant pST in boars from 68 kg live weight daily, too. The same
crossbred (Large White x Piétrain) and the same diet were utilised as in the investigation by
BONNEAU et al. (1992c). Androstenone concentration in fat of treated pigs were lowered by
half (0.34 ppm) compared to levels of intact boars (0.67 ppm) (BABOL et al. 1996b).
Treatment of boars with 2 mg and 4 mg of sustained-release pST subcutaneous for six weeks
prior to slaughter at 87 kg only decreased boar taint scores in loin chops from boars as
assessed by a trained and androstenone sensitive panel (KLINDT et al. 1995a). The crossbred
boars (Chester White, Large White, Landrace, Yorkshire and Duroc) had free access to water
and a corn-soybean diet (3.9 cal/g energy; 19.5 % crude protein). Other taste panel attributes
were not affected, but production efficiency was enhanced. It was assumed that sustainedrelease pST could effectively improve acceptability of meat from boars by lowering steroid
levels in tissue. In a subsequent study, no significant difference in scores of boar taint,
evaluated by androstenone sensitive and trained panellists were distinguished comparing pST
treated and control boars. However, being treated 18 weeks with 4 mg/day pST, boars scored
numerically better for boar taint than the control group (KLINDT et al. 1995b).
HAGEN et al. (1991) detected no significant differences in odour scores for androstenone and
skatole in fat by trained panellists after daily application of 5 mg pGH to boars with body weights
beginning at either 65 kg or 77 kg to slaughter weights of 118 kg. There was only a tendency
indicating increased skatole odour scores and decreased odour scores for androstenone in
pGH treated boars.
2.5.3

Inhibitors of metabolism pathways

No guarantee for completeness could be given for this extensive topic of the metabolic
pathways of steroidogenesis and skatole metabolism, but investigations have been outlined with
direct connection to the boar taint compounds androstenone and skatole.
2.5.3.1 3β-HSD
A competitive inhibitory effect of 0.16 µmol/l trilostane and 0.20 µmol/l cyanoketone on the 3βHSD activity, the conversation from dehydroepiandrosterone to 4-androstenedione, was found
in vitro in testicular tissue of immature male pigs (COOKE 1996). NICOLAU-SOLANO et al.
(2006) could demonstrate a complete inhibition of androstenone metabolism in testis and liver
by using 25 µM trilostane, an inhibitor of gonadal and adrenal 3β-HSD. Crossbred (Large White,
Landrace, Meishan) boars were fed with a commercial, standard diet (16.7 % crude protein) and
had a carcass weight of 70 kg to 85 kg.
The inhibition effect of 50 µg CPA “Androcur”, a 3β-HSD inhibitor, and 5 mg bicalutamide
“Casodex”, a non-steroidal anti-androgen, was tested in vitro in an incubation reaction. CPA
inhibited the 3β-HSD while bicalutamide did not lower the enzyme activity successfully (VON
TEICHMAN-LOGISCHEN KÖHLER 2001). Because the porcine genome contained only one
3β-HSD enzyme type, inhibitors suppressed all 3β-HSD enzyme reactions and not only the
androstenone pathway (VON TEICHMAN-LOGISCHEN KÖHLER 2001). However, oral
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administration of CPA at a further stage of development of boars would be possible,
approximately two or three weeks before slaughter so that no residues persist in the carcass.
This would obtain the beneficiary advantages of androgens and estrogens (VON TEICHMANLOGISCHEN KÖHLER 2001).
2.5.3.2 Progesterone/5α-pregnane-3,20-dione
BROOKS and PEARSON (1986) assessed the use of the inhibitor 5α-pregnane-3,20-dione to
not be feasible in practise, because of a simultaneous inhibition of androgenic and estrogenic
hormone formation. 5α-pregnane-3,20-dione inhibited the conversation of pregnenolone to
androstadienol (BUCHER 2005).
2.5.3.3 5α- reductase and CYP 17
The pharmacological suppression of selective enzymes, i.e. the 5α-reductase and CYP 17, of
the androstenone synthesis delivered by diet is another approach (BUCHER 2005).
Progesterone was found to be the best competitive inhibitor of the 5α-reductase while 4, 16androstadien-3-one (dienone) and MK 434 were less effective. The inhibitors were included in
incubations for 1.5 hours at levels of 0, 0.01, 0.1 and 1.0 µmol/l (COOKE et al. 1997).
The target inhibition of the 16-en-synthetase activity by CYP 17 is very interesting, because in
humans this activity is of low importance and no residues are estimated. No specific inhibitor for
this activity was described (BUCHER 2005). In organoleptical tests of meat samples with higher
androstenone levels, no boar taint was determined revealing only a low correlation between
androstenone concentration and results of sensory analysis. The 5α- reductase is a specific
enzyme, because hardly any other reactions are catalysed by 5α- reductase, but the synthesis
of pregnenolone-progesterone-androstenone is interrupted. In vitro attempts, ANDI23 was the
most efficient inhibitor (0.084 µg/ml for 50 % inhibition) followed by F8, F9, ANDI24, ANDI25
and Finasterid. Finasterid is a steroid inhibitor used in human medicine while ANDI 23 is a non
steroidal and non commercial inhibitor for the 5α-reductase. In vivo feeding trials, Swiss Large
White boars were fed with a standard diet (13.0 MJ/kg energy; 17 % crude protein) and were
slaughtered reaching 100 to 150 kg live weight. The inhibitor ANDI23 in a dosage of 100 mg
ANDI23/kg feed showed only inconclusive influence on fat androstenone concentrations
(BUCHER 2005).
For skatole (3-methylindole) production, specific and complete inhibitors (i.e. indole-3-carbinol
and indole-3-acetonitrile) were found blocking the decarboxylation reaction of indole-3-acetat
acid in vitro using pig fecal slurries (JENSEN et al. 1995b). Pigs were fed a standard diet
containing barley and soy beans. With 35 µM and 140 µM indol-3-carbinol the reaction of
450 µM indole-3-acitic acid to skatole was inhibited by 65 % and 90 % in faeces, respectively.
However, at low pH values, indole-3-carbinol was unstable, and after discontinuing indole-3carbinol the conversation to skatole recovered. Against this, 320 µM of indole-3-acetonitrile
seemed to be more useful, being more stable and inhibiting the skatole production in faeces
completely for 24 hours. The inhibitors affected no reactions involving L-tryptophan.
2.5.4

Antibiotics

Because of the microbial origin of skatole, it would be possible to inhibit skatole formation by
using antibiotics (CLAUS 1993). However, the effects were not consistent and had no affect on
androstenone as pointed out by HANSEN (1994) and HANSEN et al. (1997).
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Danish researchers described an in vitro fermentation technique of using virginiamycin, zinc
bacitracin, spiramycin/salinomycin and avoparcin in concentrations of 10 ppm which seemed to
lower skatole formation more than 80 % (HANSEN 1994; HANSEN et al. 1997; JENSEN and
JENSEN 1998). In practical investigations, adding the growth promoter Avotan, a virginiamycin,
to the diet shortly before slaughtering reduced fat skatole concentration. Data about dosage are
lacking (KJELDSEN 1993; HANSEN 1994).
This was in accordance with ALLEN et al. (1997) feeding a diet (13.8 MJ/kg digestible energy;
19.7-21.5 % crude protein) on a base of barley, maize and rapeseed which included 20 ppm of
the growth enhancer virginiamycin (Stafac-Pfizer, Ltd., UK). Boars with live weights ranging
from 35 to 90 kg were used with a Large White and Landrace backgrounds. They found a
reduction of boar taint levels in belly fat samples using virginamycin together with a low protein
diet in a wet feeding system in fully slatted pens. The boar taint sensation in samples was
evaluated by a trained and sensitive panel (ALLEN et al. 1997).
Mixing 50 mg of the food additive zinc bacitracin to the diet for three to seven days prior to
slaughter (100 kg live weight) significantly decreased skatole concentration in back fat and
blood of both clean and dirty boars (HANSEN et al. 1997). The boars were crossbreds out of
three breeds, Landrace, Large White and Duroc and were fed with a barley, wheat and soy diet
(8.9 MJ/kg net energy and 14 % digestible protein). Applying antibiotics for only a short time
reduced the risk of developing resistant bacteria. Zinc bacitracin had no effect on androstenone
and indole levels (HANSEN et al. 1997).
Adding Nebacitin, a mixed antibiotic consisting of 66 % bacitracin and 33 % neomycin, to the
diet resulted in a lower skatole level in back fat but increased indole concentration in the large
intestine (JENSEN and JENSEN 1998). The breed of animals and the duration of treatment
were not mentioned. In addition, feeding 50 µg/g virginiamycin for two weeks reduced the
population of skatole producing bacteria and, thereby, the skatole level in rectal samples.
Zinc bacitracin (50 mg/kg) together with a fermented liquid feed decreased skatole levels in
back fat of boars as well as boar, pig and manure odour (HANSEN et al. 2000). A diet
containing barley, wheat and soy bean, with 8.11 MJ/kg energy and 14.6 % digestible protein,
was fed to the crossbred boars (Landrace x Large White) during a fattening period of 60 to
105 kg live weight. Fermented liquid feed alone showed no effects on skatole concentrations
(HANSEN et al. 2000).
Administration of antibiotic feed additives to entire male pigs (60-100 kg live weight), 20 ppm
virginiamycin and 20 ppm tylosin, did not decrease skatole levels in neck fat, but the results
pointed in that direction (HANSEN 1994). He used a diet based on barley, wheat and soy bean
with 14.2 % digestible protein. This was in accordance with HAWE et al. (1992) who also found
no significant reduction of skatole and indole concentrations in carcass fat by feeding a ten time
higher concentration of tylosin (200 ppm). They investigated crossbred pigs from 40 to 90 kg
live weight and feeding a diet with 1.3 MJ/kg energy.
No significant effect on lowering skatole concentrations were seen in in vivo experiments with
20 mg/kg of virginiamycin, avoparcin and tylosin, respectively (STAUN and MORTENSEN 1992
cited by HANSEN 1994; HANSEN et al. 1997).
However, the use of antibiotics as growth stimulators has been a factor of great dispute over the
last two decades and presently in Germany as well (BUNDESMINISTERIUM FÜR
GESUNDHEIT et al. 2011). The feeding of antibiotic growth promoters in the fattening of boars
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is prohibited or at least limited in countries of the EU and has, therefore, no practical
application (ZAMARATSKAIA 2004; VALEEVA et al. 2009).
2.5.5

Immunocastration

One of the most efficient and in practise feasible methods of late castration of boars is the
immunocastration and in particular the immunisation against GnRH. The methods described in
this paper give no warranty or guarantee for completeness in this subject but does outline the
topic.
A selective suppressing of androstenone was reached by active immunisation against
androstenone or precursors of androstenone (BROOKS et al. 1986; CLAUS et al. 1994;
SCARAMUZZI et al. 1993; WILLIAMSON et al. 1985). However, the response of immunisation
in boars was dissatisfying and not feasible in practise (BONNEAU and SQUIRES 2001;
BUCHER 2005), because it was confined to weight (WILLIAMSON et al. 1985), inconsistent
and not predictable (CLAUS et al. 1994; FLIESS et al. 1980). In addition, results of the
investigation by DANIEL et al. (1984) showed that active immunisation against androstenone
did not prevent boar taint sensation in carcasses of entire male pigs.
The particularly promising immunocastration of boars was the active immuno-neutralisation
against GnRH peptides produced naturally in the body. LHRH is the older, but synonymous
used abbreviation for GnRH.
FALVO et al. (1986) achieved a significant reduction in boar taint perception in a consumer
panel test after immunisation against LHRH and porcine LH, but the immunisation against LH
seemed to be less effective. This was confirmed by other authors (BONNEAU et al. 1994;
CARATY and BONNEAU 1986) exhibiting decreasing levels of LH, FSH and androstenone fat
after an anti-LHRH immunization. It seemed that the LHRH immunization shifted the distribution
of androstenone so that relatively more androstenone was in salivary glands than in fat (BABOL
1996b).
The monomer GnRH antigen yielded only poorly immunogenic effect due to the “self” nature of
the GnRH antigen which was hardly recognized by the immune system. A more effective
immunomodulation was achieved by a GnRH-like peptide being a tandem repeat of the amino
acid sequence of GnRH peptide. This tandem had no hormonal effect (MELOEN et al. 1994).
Freund´s adjuvant, an ingredient of the vaccines, was too laborious and expensive for a
commercial vaccine (BONNEAU and ENRIGHT 1995). Thus, an improved antigen was
designed where two vaccinations at low dosage were sufficient. It was a tandem peptide that
was dimerised and modified in one position of an amino acid allowing a conjugation to a carrier
protein. This antigen very effectively reduced androstenone concentrations in back fat using a
milder adjuvant and a lower dosage (OONK 1998; TURKSTRA et al. 2001).
A vaccination feasible in practise was established by Pfizer and received marketing
authorisation for the EU in May 2009 (authorisation number: EU/2/09/095/001-006). There are
two subcutaneous injections of Improvac® with the priming dose at any time after 8 to 9 weeks
of age and the second does at least 4 weeks after the first dose and no later than 4 to 5 weeks
prior to slaughter.
A lot of studies have confirmed the successful application of Improvac® reducing levels of
androstenone and skatole in adipose tissue as well as boar taint sensation to low or nondetectable values, even with deviations of application intervals (ANDERSSON et al. 2012;
BRUNIUS et al. 2011; CLAUS et al. 2007; DUNSHEA et al. 2001; EINARSSON et al. 2011;
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Fuchs 2009; GALLIKER 2008; GISPERT et al. 2010; HENNESSY et al. 1997a; HENNESSY
2009; HÜGEL 2010, 2011; JAROS et al. 2005; METZ et al. 2002; OONK et al. 1995; SATTLER
et al. 2014; ŠKRLEP et al. 2012; SQUIRES and BONNEAU 2004; THUN et al. 2003;
UNSICKER 2011; ZAMARATSKAIA et al. 2008b; ZENG et al. 2001, 2002b).
Vaccination with Improvac® takes the advantage of the anabolic potential of boars. At the same
time, there is a reliable control of boar taint and a constant or even improved fattening and
slaughter performances, like higher feed conversion ratio, leaner carcasses, less back fat and a
higher daily weight gain compared with surgically castrated male pigs (ALBRECHT 2011;
ALBRECHT et al. 2012; BANHOLZER 2010; GALLIKER 2008; HENNESSY 2009; HÜGEL
2010; 2011; JAROS et al. 2005; KIM et al. 2007; METZ et al. 2002; MORALES et al. 2010;
SCHMOLL et al. 2009; ŠKRLEP et al. 2010; TURKSTRA et al. 2002; UNSICKER 2011; ZANKL
et al. 2011). Additional advantages of the immunocastrated pigs are the calm behaviour and
reduced aggression especially after the second vaccination similar to those of surgically
castrated male pigs (BREWSTER and NEVEL 2013; CRONIN et al. 2003; GALLIKER 2008).
HILBE et al. (2006) could preclude lesions in major endocrine and parenchymatous organs that
would impair animal welfare by painful inflammatory reactions.
The disadvantages of the immunisation with Improvac® are the potential self injection by
operators and an individual variation in immunological response together with no sophisticated
on-line detection methods (EINARSSON 2006). Therefore, it cannot exclude the possibility that
a few pigs with boar taint reach the slaughter line.
Pork from immunocastrated boars was indistinguishable from pork from female or surgically
castrated male pigs (FONT I FURNOLS 2008; GISPERT et al. 2010). However, the major issue
remains the unknown response of consumers with regard to the immunocastration. In Germany
the level of knowledge about boar taint and the practise of surgical castration (24 %) are low
(SATTLER and SCHMOLL 2012; SCHMOLL et al. 2011), and the elucidation in this topic will be
important.

2.6 Consumer evaluation
The consumer reaction to meat from entire male pigs is of particular interest if fattening of boars
will be performed.
A project work by STARKE and SCHÖNBERNER (2012) performed in Germany consulted 200
consumers about the topic of piglet castration and boar taint. The results showed that they are
poorly informed about the subject and hardly any of the questioned people had perceived boar
taint. Piglet castration without anaesthesia was refused. In opposition, boar taint in meat was
only slightly accepted while consumers were highly sceptical about breeding and vaccination
against boar taint and fattening of boars. Castration under anaesthesia was accepted in the
most cases by questioned consumers (STARKE and SCHÖNBERNER 2012). This was in
accordance with SATTLER and SCHMOLL (2012) and KALLAS et al. (2013) considering a low
awareness for the boar taint problem in Germany and in the EU.
Consumer fears about boar meat could be exaggerated by some facts. If consuming high
amounts of strongly tainted meat (15 ppm skatole per day), the skatole intake would correspond
to levels found in a single cigarette (EFSA 2004a). In addition, consumption of boar meat
containing 17β-Nandrolone can influence sports careers negatively (FOKUS MAGAZIN 2002;
STEIN and POLLMER 2014). If pork from entire male pigs was eaten, analytical findings of
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urinary steroid metabolites, like 19-Norandrostenone, in amounts greater than threshold values
for blood doping were observed (AYOTTE 2006; LE BIZEC et al. 2000).
This must be avoided by correctly identifying the problem and accurately detecting boar taint
compounds, but in the following text the difficulties of the problematic nature of boar taint will be
explained:
The first issue is the presence of boar taint in carcasses of entire male pigs. If it is low, boar
taint will be a minor problem, but if a high percentage of carcasses had boar taint odour, this
would be a nearly insoluble difficulty. In the report by OLIVER (2009), the incidence for boar
taint in entire male pigs was 10 % by assumed threshold values of 0.2 ppm for skatole and
2.0 ppm for androstenone. If the threshold for androstenone decreases to 1.0 ppm, the risk for
boar taint will be 25 % (OLIVER 2009). A Swiss study had only 5.5 % of boar carcasses with
boar taint. The threshold for skatole and androstenone was 0.16 ppm and 1.0 ppm, respectively
(PAULY and BEE 2007; SPRING et al. 2009). Surprising results were found in a German study
with about 2 % of young boars showing abnormal odour (0.25 ppm skatole) (SKIPIOL 2012). An
international study with a high amount of tested animals out of six European countries revealed
that 30 % of entire male pigs had androstenone levels higher than 1.0 ppm (WALSTRA et al.
1999). An incidence of 30 % unacceptable boar tainted carcasses with concentrations of
2.0 ppm androstenone and 0.15 ppm skatole was also found by MÖRLEIN et al. (2012a;
2012b). In 11 % of boars, skatole concentrations were above 0.25 ppm while 4 % showed levels
between 0.20 and 0.25 ppm (WALSTRA et al. 1999). This was in accordance with the results of
a recent investigation by JAFARIKIA et al. (2014), where samples exceeded the acceptance
levels for androstenone (1.0 ppm) and skatole (0.2 ppm) in 34 % and 11 %, respectively.
However, in the review by CLAUS (1995), 49.1 % of carcasses were rejected at threshold levels
of 0.5 ppm for androstenone and 0.25 ppm for skatole. FRIEDEN et al. (2010) noticed a very
high incidence of 43-83 % for boar taint with a threshold of 0.25 ppm and 1.0 ppm for skatole
and androstenone, respectively. In the investigation by PARUNOVIC et al. (2010), there was
also a high incidence (67 %) of carcasses from boars with ≥70 kg having skatole levels equal or
above the cut off level of 0.25 ppm.
The percentages should be considered with caution, because for representative results a high
number of carcasses out of different pig breeds need to be investigated.
Another question not yet sufficiently settled is the exact determination of thresholds for
androstenone and skatole. In previous examinations androstenone was not detectable in free
muscle tissue (CLAUS 1995). Breeding for lean pork probably induced an enrichment of
androstenone in muscle tissue (CLAUS 1995). Often mentioned threshold levels for
androstenone and skatole sensation in pork and adipose tissue are 0.5-1.0 ppm and
0.20-0.25 ppm, respectively (CLAUS 1995; HANSEN-MØLLER and ANDERSEN 1994;
HAUGEN 2010; LUNDSTRÖM et al. 2009; VESTERGAARD et al. 2006; VOSS 2012;
WALSTRA et al. 1999). However, GIBIS et al. (1998) recommended a lower skatole level for
acceptability at 0.15 ppm in fat. Values were investigated in castrated male and female pigs. A
negative consumer reaction was found at high levels of androstenone (> 1.25 ppm) as the
skatole concentrations reached 0.25 ppm (GODT et al. 1996).
In an investigation using freshly cooked pork (cooked in pan with 180 °C), the acceptability
threshold for androstenone was high and in the range of 2-3 ppm liquid fat, but skatole in pork
was absented (BONNEAU and CHEVILLION 2012a; BONNEAU et al. 2012b; CHEVILLION et
al. 2011a).
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FISCHER and WEILER (1995) found that with a frequency of 33.3 % of the androstenone
sensitive testers, a slight perception of androstenone in heated fat samples with androstenone
levels below 0.2 ppm. CLAUS (1978) made a more differentiated division of sensory evaluation
with view to Androstenon concentration (see Table 24).
Table 24: Division of sensory evaluation with view to androstenone concentration
[CLAUS (1978)]

Androstenone (ppm) in adipose tissue

Subjective evaluation

< 0.15
0.15-0.3
0.3-0.5
0.5-1.0
> 1.0

Even in gilt detectable
Perception and rejection in rare cases
Perception and rejection increased individually
Perception and rejection has to be expected
Considerable perception

This was in agreement with WALSTRA (1974) and LUNDE et al. (2010a). Boar taint in fat
samples with androstenone levels below 0.2 ppm was not detectable while samples of 0.3 ppm
androstenone had strong boar taint levels (WALSTRA 1974). Samples of 3 ppm androstenone
were detected by androstenone sensitive testers during the frying process in a pan, but not in
the fried samples afterwards (LUNDE et al. 2010a). In addition, samples with skatole
concentrations of 0.15 ppm were differentiated (LUNDE et al. 2010a). KRISTENSEN et al.
(2011) and TØRNGREN et al. (2011) recommended the use of meat with androstenone levels
below 0.4 ppm to minimise boar taint sensation in coldly served smoked, cooked ham and for
hotly served ham androstenone levels should be below 0.2 ppm.
The reason for different definitions of thresholds is the wide variability of boar taint perception by
consumers, dependant on sensitivity for boar taint, age, gender, place of residence and more.
BONNEAU et al. (2000b) depicted the proportion of consumers being dissatisfied with view to
odour and flavour in Europe when they ate pork from entire male pigs (see Figure 2).
Figure 2: Proportion of dissatisfied consumers with view on odour (left) or flavour (right)
in United Kingdom (UK), Sweden (SE), Netherlands (NL), France (FR), Spain (ES),
Denmark (DK) and Germany (DE) eating pork from gilts (blue inner line) or from entire
male pigs (red outer line) [BONNEAU et al. (2000b)].
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The perception of boar taint varied between the countries, and the dissatisfaction associated
with entire male pigs was higher in Sweden (SE), France (FR) and Germany (DE) (BONNEAU
et al. 2000b).
BLANCH et al. (2012) confirmed that the percentage of dissatisfaction for androstenone was
lower in Great Britain than in France or Spain, and in the investigation by TACKEN et al. (2011),
there were boar taint sensitive consumers only in France, Italy and the Netherlands. DE KOCK
et al. (2001b) demonstrated differences of sensitivity in different ethnic groups with coloured
people responding more negatively to boar taint compounds (androstenone: 0.5-1.25 ppm;
skatole 0.08-0.25 ppm).
STØIER (1994) considered the skatole content as the main contributor to the divergent smell in
meat from entire male pigs. It could be demonstrated that skatole had a greater effect on
abnormal odour than androstenone (LEE et al. 2005; MATTHEWS et al. 2000b; WHITTINGTON
et al. 2011). High levels of skatole enhanced the odour of androstenone and both compounds,
androstenone and skatole, contributed in similar ways to flavour. Therefore, both compounds
had negative effects on the consumer liking of pork (MATTHEWS et al. 2000b; WHITTINGTON
et al. 2011). In addition other substances, like 4-phenyl-3-buten-2-one, in fat could promote
perception of boar taint compounds (RIUS and GARCIA-REGUEIRO 2001).
Olfactory analysis of boar taint substances, testing 100 persons, indicated that women were
able to detect androstenone up to 92.4 % in contrast to 55.7 % of men, and the odour was
judged to be significantly less pleasant by women (GRIFFITHS and PATTERSON 1970). So,
women seem to be significantly more sensitive for boar taint than men (MEIER-DINKEL et al.
2013a; MÜLLER 2012; RUDOLPH and GESSL 2012; WACHELAU and REUTER 1978b;
WEILER et al. 2000) and people aged 61 and over were less sensitive to boar odour
(FONT I FURNOLS et al. 2003; RUDOLPH and GESSL 2012). Older peoples (50 years and
more) had more reservations against boar meat (WERNE 2010). However, other investigations
did not confirm a higher boar taint perception in tainted boar meat products by women (GESSL
and GWENDOLYN 2010; RUDOLPH 2009; WERNE 2010). GILBERT and WYSOCKI (1987)
revealed a reduction of odour sensitivity at 70 years of age, but in case of androstenone odour
lower perception was found at a younger age already. In contrast, in a study, including 392
consumers, no difference of androstenone sensitivity was found in meat samples between the
sexes and in addition androstenone sensitivity was not influenced by age (BLANCH et al. 2012).
An androstenone specific anosmia was discovered by GILBERT and WYSOCKI (1987) in one
fifth of U.S. participants and heredity was assumed. This was confirmed by the finding of the link
between odour perception and the function of human odorant receptors OR7D4 (KELLER et al.
2007). If tested persons carried two receptor-copies of the OR7D4 RT variant, the perception of
androstenone in pork was higher than in persons with a non-functional OR7D4 WM variant
receptor (KELLER et al. 2007; LUNDE et al. 2012).
BABOL et al. (2002) assumed people became sensitised to boar tainted meat, as they became
familiar. There is indeed a possibility of training and sensitising peoples with OR7D4 WM allele
after daily exposure to androstenone (CLAUDI-MAGNUSSEN et al. 2011; LUNDE et al. 2012)
and with a repeated exposure the prevalence of anosmia to androstenone will seem lowered
(MÖRLEIN et al. 2013). Thresholds for androstenone odour might be much higher in people
carrying the OR7D4 WM allele (LUNDE et al. 2012), and recruited assessors have to be
selected carefully (LUNDE et al. 2010b)
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BLANCH et al. (2012) investigated androstenone sensitivity of 392 consumers by smelling
crystals of pure substance (method according to LUNDE et al. 2009) with the result that 22.7 %
were highly sensitive, 28.3 % were middle sensitive and 49 % were insensitive. MEIER-DINKEL
et al. (2013a) demonstrated that 27 % of 145 participant panellists were not able to discern
androstenone odour (0.51-2.72 ppm androstenone in boar meat). The proportion of
dissatisfaction was similar for both control and boar tainted meat (2.5 ppm androstenone/melted
fat; 0.23 ppm skatole/melted fat). However, it is important to note that the ability to detect
androstenone increased with the androstenone concentrations being smelled, and therefore,
assessors’ sensitivity had to be related to the levels of odorant being presented (MÖRLEIN et
al. 2013).
Entirely in contrast, consumers who were insensitive to androstenone always responded to
skatole levels of samples (WEILER et al. 2000). Therefore, almost everyone was able to
perceive skatole concentrations in samples (HANSSON et al. 1980; WEILER et al. 2000). This
was in contradiction to the findings by MEIER-DINKEL et al. (2013a) testing 145 consumers.
18 % of participants were insensitive for skatole, while 43 % were sensitive for skatole and a
further 39 % of panellists had an unpleasant perception of skatole. An additional investigation
by the same researchers demonstrated that assessors who were highly sensitive to
androstenone showed a significant discrimination between different androstenone levels in
melted fat. However, the discrimination regarding skatole flavour was less (MEIER-DINKEL et
al. 2013b). Therefore, it is important to consider personal acuity of olfactory perception for
selection experiments in order to avoid errors in the assessment.
A very interesting detail of several studies was the fact that not all consumers perceived
androstenone as unpleasant (CHEVILLON et al. 2010a). Meat products with moderate level of
boar taint (0.5-0.99 ppm androstenone and < 0.22 ppm skatole) were less assessed in a trial of
degustation than products with strong malodour and high levels of androstenone (> 1 ppm) and
skatole (> 0.22 ppm). In addition, one tenth of the 750 tested consumers described the
androstenone odour as pleasant (RUDOLPH and GESSL 2012). Similar observations that
samples with medium androstenone levels were liked more than meat with high levels were
made in additional investigations of 300 consumers (DE KOCK et al. 2001b). BLANCH et al.
(2012) found an improved acceptability of boar meat with medium androstenone and skatole
levels of 0.63 ppm and < 0.1 ppm, respectively. PANELLA-RIERA et al. (2011) investigated
consumer acceptance (279 participants) of pork loin from boars and revealed that meat with
1.07 ppm androstenone in fat was accepted at the same level as meat from gilt, whereas meat
with lower levels of androstenone were scored less. In cooked cured products, scalded and liver
sausages some testing persons (testing panel: 8-13 persons) had an increasingly pleasant
perception of meat aroma due to androstenone (MÜLLER 2010). However, androstenone
sensitive people rejected these products (MÜLLER 2010).
In an investigation, 420 consumers were categorised into groups being insensitive for pure
androstenone or being sensitive with a pleasant or an unpleasant sensation. There was only an
exact differentiation between tainted or non-tainted pork, if a consumer perceived pure
androstenone as an unpleasant sensation (BONNEAU and CHEVILLON 2012a). 52 % of the
145 participant panellists being able to detect androstenone noted the androstenone odour as
positive, whereas 21 % scored it as a negative sensation (MEIER-DINKEL 2013a). In
consequence, further investigations on acceptability of tainted pork from entire male pigs had to
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be conducted only with consumers being sensitive to androstenone and perceiving it with an
unpleasant sensation (BONNEAU and CHEVILLON 2012a; MEIER-DINKEL et al. 2013a).
This illustrates the difficulties of how to establish an exact amount of acceptable threshold
values for boar taint compounds and up to now no clear cut-off levels of androstenone and
skatole could be determined (BONNEAU et al. 2000b; CHEVILLON et al. 2010a;
FONT I FURNOLS 2012; MATTHEWS et al. 2000b). The reason might be the variable
approaches and methods to determine concentrations of skatole and androstenone
(FONT I FURNOLS 2012; HAUGEN 2010). Without exact thresholds it is not possible to
understand boar taint in its complex structure, and a determination of tainted carcasses will not
be successful.
A big problem was the use of different methods and panel groups for sensory evaluation that
makes it difficult to compare the studies among each other (BLANCH et al. 2012;
FONT I FURNOLS 2012) and harmonising the different analytical sensory panel was difficult in
almost the same manner (DIJKSTERHUIS et al. 2000). Some questions arose in analytical
tests: were the fresh meat or meat products tested for boar taint; was it muscle or fat tissue and
which localisation of carcass was used? How where the samples prepared-cooked, fried, reheated or consumed cold? Which analysis methods for the compounds of boar taint were used
and which weight and race animals belonged to? What was used for evaluation, scale or
attributes and what was the profile (informed, sensitivity) of the consumers? In consequence,
there is a need of standardised and harmonised methodologies for sample selection, for
evaluation boar taint perception and for the detection of boar taint compounds
(FONT I FURNOLS 2012; HAUGEN 2010).

2.7 Processing of tainted boar meat
In many publications the processing of tainted boar meat is only mentioned on the side.
However, with a proportion of 20 % within the EU and 58.6 millions of pigs being slaughtered in
2013 (STOFFELS 2014), Germany is leading in pig meat production (ELFRICH and ROESICKE
2010; FREDRIKSEN et al. 2009; HEINRICH BÖLL STIFTUNG et al. 2014) and in the export of
pig meat ranking third behind China and the USA (GEWERKSCHAFT NAHRUNG-GENUSSGASTSTÄTTEN 2013). In 2013 Germany produced 5.5 millions of tonnes of pork (STOFFELS
2014). Therefore, it is important to deal with the topic of meat processing.
This chapter gives an overview over the different methods of processing boar meat and their
ability of masking, reducing or even eliminating boar taint sensation.
Table 26 - Table 36 in the Annexe show the processing methods and notice as far as available,
sensitivity of assessors to perceive boar taint compounds. The results of the study by MEIERDINKEL et al. (2013b) advised to consider olfactory acuity, too, because it influenced the
intensity of boar taint compounds.
2.7.1

Literature review

In 1892, the abattoir veterinarian BULLMANN asked at a meeting, if the disgusting odour of
boar meat disappeared after curing (FLEISCHMANN 1937), but the question was not
addressed (PRINZ 1939).
50 years later, during the Second World War, the sexual odour of male pigs was still a problem,
according to my grandmother RITA REISS-ENGESSER (personal communication, Zimmern ob
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Rottweil, May 2012). At that time, full of deprivation and starvation, the processed meat of a
cryptorchid pig in the fashion of a smoked and cured pork chop was still unpalatable after
heating. And beyond that, the illegally received pork chop had to be removed in a sinkhole in
the backyard without being brought to light.
Factors that influence the volatilisation of androstenone (BEERY et al. 1971) and skatole had to
be considered in meat processing, because the escape of the boar taint compounds during the
process lead to inconsistent results of measured values in meat (DE KOCK et al. 2001a).
Androstenone is the more stable compound, retained longer in fat and was, therefore, more
lingering on release of boar taint. In contrast, skatole is less stable, more polar, slightly watersoluble and in a higher degree volatile. Therefore, the nose detects skatole before
androstenone, whereas the concentration of androstenone in muscle depends on fat content
(DE KOCK et al. 2001a). PIGCAS (2008) noted that in meat products concentrations of
androstenone and skatole were reduced after treatment by cooking or processing. When
kitchen and dining areas were separated, utilisation of boar meat seemed to be possible for
most products (PEARSON et al. 1971).
Processing of meat to reduce malodour of boar taint was mentioned early on. Till the midnineties, there were sales counters at slaughterhouses in Germany selling meat of low quality,
like tainted boar meat but not deleterious to human consumption. Factories processing this low
quality meat achieved almost full-value products and these products did not differ from normal
meat products (NIDEREHE 1977). In former overviews, the use of meat from boars with sexual
odour was only considered suitable for cooking or for scalded and raw sausages, but not as
fresh meat (ROMMEL 1975a; KAISER 1978). FARCHMIN and BEUTLING (1978) indicated in
specialist literature for meat hygiene that carcasses with abnormal odour have to be well
flavoured or strongly smoked for a ready sale of products. Heat processing, masking, smoking
and curing as well as the cold consumption decreased the sensation of boar taint effectively and
raised the profitability of the pork industry (BABOL 1997, BABOL and SQUIRES 1995). So
„Boar taint is not a problem of processed products” (VALEEVA et al. 2008), because the
compounds were decomposed or recombined after processing without detecting traces of odour
(CRAIG et al. 1962).
In a review on consumer reactions to boar taint in six European countries, processing boar
tainted meat in to cured bacon, cooked ham and sausages were favoured (MALMFORS and
LUNDSTRÖM 1983). They recommended the selection of highly tainted carcasses (assumed
1-2 %) for use in minced meat products. According to BABOL and SQUIRES (1995), nontainted boar meat could be used fresh or processed, because characteristics did not differ from
other genders. However, boar meat with high levels of boar taint had to be processed or
incorporated into comminute and emulsified products (BABOL 1997, BABOL and SQUIRES
1995).
HONIKEL (1975) noticed that consumers do not perceive any difference in low tainted boar
meat by the common preparation. ENDER et al. (1987) too, saw no problems, if carcasses of
young boars were added unselected to processing, because a high consumer acceptance was
assumed. However, a mixing with no tainting meat was required (ENDER et al. 1987).
A Swiss study by STOLL (2002) inquired into the whereabouts of sorted out brood boars in EU
countries (Spain, England, France and Denmark). He noted that in all countries young but
matured boars were slaughtered and in tainted meats from boars were not processed to pork
tankage or disposed of elsewhere. In fact, tainted meats from young boars were sold as fresh
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meat in Spain and England. Furthermore, Spain exported to France and Germany tainted meat
from young boars as primal cuts or processed meat. In contrast, tainted meats from older
breeding boars were added to processing and not sold as fresh meats. However, carcasses
from older breeding boars were exported to France from Spain and England (STOLL 2002).
The level of boar taint being perceived is controversially discussed and the assumed threshold
values for androstenone and skatole could be too high for sensitive persons (LUNDSTRÖM et
al. 2009; PIGCAS 2008). In addition the question was posed if other substances, beside
androstenone and skatole, are involved in boar taint (LUNDSTRÖM et al. 2009; PIGCAS 2008)
and how these substances react after processing.
The EFSA (2004a; 2004b) formerly did not recommend the practises of processing carcasses,
although small amounts of tainted boar meat could be incorporated in products without
detection by consumers and boar taint was successfully masked with marinades, spices and the
use of polyphosphates. However, when masking with liquid smoke and oregano extract, the
EFSA (2011) revalued the processing of carcasses from boars positively and considered the
processing of low tainted boar carcasses as a viable option against boar taint sensation, based
on new information about scalding of carcasses. RIEBE (2012), also, mentioned that boar taint
in meat disappeared after cooking and curing process.
The different assessments in the studies showed clearly that an exact food processing for each
of the varieties of products needs to be designed in which meat of tainted boars was used for
(BONNEAU 1997, 1998; BONNEAU and SQUIRES 2001, 2004; DESMOULIN cited by
MOERMAN 1982; PIGCAS 2009). The report by the EAAP Working Group on Production and
Utilisation of Entire Male Pigs in 1981 recommended additional research for each product
containing meat from boars, the explicit labelling and new processing methods for tainted meat
(MOERMANN 1982).
However, investigations could show that labelling “young boars” on loins and fermented
sausages, for examples, had no effect on boar meat acceptance of consumers (MEIER-DINKEL
et al. 2013a; 2013c; TRAUTMANN et al. 2011; TUYTTENS et al. 2011).
2.7.2

Hanging/chilling

One of the first approaches to eliminate boar taint by the processing of meat from entire male
pigs was the attempt of hanging carcasses for a while by ongoing maturing of the meat (see
Table 26). MÜLLER (1911) remarked an elimination of boar taint, however, after immediate
splitting of the carcass and hanging in a draughty room.
In contrast, PLATH (1912) found no improvement of urinary odour in carcasses of cryptorchid
boars after keeping carcasses for 14 days at room temperature (no exact data mentioned). Boar
taint also did not disappear after chilling and maturing of the carcasses for 24 hours (HEYDT
1936), as well as after two to three weeks (MAY 1912; JUNACK 1933). Boar odour was
observed to be more intense directly after slaughter than 24 hours later. But androstenone
content differed only slightly at the different times with the result that other components had to
be responsible for boar taint intensity directly after slaughtering (WALSTRA 1979; MOERMAN
1982).
Storage at a temperature of 4 °C was inadvisable and impractical for removal of boar taint.
Freezing at -18 °C for less than 40 days did not reduce boar taint; however, after 40 days a
declining of androstenone concentration (from 0.163 ppm to 0.134 ppm) was ensured
statistically (OTTO et al. 1980).
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2.7.3

Mix/dilution

Meat with high levels of boar taint needed dilution with meat from gilts and castrates and was
processed finely chopped to low fat products (DESMOULIN et al. 1982; KLETTNER and
KÜHNE 1995). An addition, 5 % of tainted boar meat in processed meat products did not lead to
reasons for an objection (WALPER and KRATSCH 1973). The addition of 5 % boar meat for
surimi-like products, an imitation of crawfish meat by using copped fish meat, did not result in
perception of boar odour by equal or better binding properties than fish surimi (GARCIA
ZEPEDA et al. 1993). A dilution of fat and meat with strong odour in cold consumed products
was possible up to 25 % without difficulties. However, in products consumed warm, the
acceptable percentage was lower by 6-12 % (MOERMAN and WALSTRA 1978; WALSTRA
1974). A dilution of 50-75 % pork with strong boar taint in sausages was acceptable in the
investigation by PLIMPTON et al. (1976). There was a limit of dilution at 75 % for pork with
strong boar odour, but precise levels of boar taint compounds were not mentioned.
However, for experts androstenone was still detectable even by mixing untainted meat with
meat with low boar taint sensation (MÜLLER 2010). Moreover, CLAUS (1993) raised the
objection that a dilution with untainted boar meat would be possible only if tainted carcasses
were rare, however, a dilution would not be feasible any more if strongly tainted carcasses in
processing were common and frequent. Therefore and in order to avoid a consumer fraud, it is
to desist from mixing tainted and untainted meat (SCHNÄCKEL et al. 2014). For an overview
see Table 27.
2.7.4

Heating/cold consumption

Perception of boar taint had a temporal character being influenced by volatilisation of skatole
and androstenone (RIUS et al. 2005). At temperatures of 100 °C to 108 °C maximum of
volatilizing of the responsible boar taint components was reached, but after reheating, boar taint
reached the same intensity (CRAIG et al. 1962). Precooked products from pre-rigor boar meat
seemed to be a practicable method for reducing boar taint without the induction of lipid oxidation
(CHEN et al. 1993). However, scores for boar odour were low and difficult to detect (CHEN et
al. 1993).
In contrast to androstenone, skatole was reduced or even eliminated by volatilisation after heat
treatment like cooking or processing as well as curing (CLAUS 1995; STÖCKLI 2005). Heat
treatment during the scalding process for dehairing of the carcasses lowered skatole levels in
adipose tissue (0.19 ppm) compared to dehiding of carcasses (0.26 ppm) (CHOI et al. 2007).
The carcasses were scalded for three minutes at 60 °C and then singed by gas burners for ten
seconds at 1.200 °C. In contradiction, MÖRLEIN et al. (2012a) found no reduction in
androstenone or skatole concentrations in adipose tissue, neither after horizontal nor after
vertical scalding. Horizontal scalding was done in a scalding tank with 62 °C hot water for four
minutes and afterwards carcasses were singed once for three seconds. For vertical scalding
(six minutes), sprayed water with 60 °C was used three times, in turn with singeing by gas
burner for three times for three seconds.
BONNEAU et al. (1980) revealed a decreasing androstenone concentration up to 46 % of initial
content for ham after cooking. Androstenone and skatole were no longer verifiable statistically in
products being technological heated in an open pot or vessel, as well as a casing permeable to
water vapour, probably by evaporation (KLETTNER and KÜHNE 1995). The reduction of
androstenone by using a casing (natural origin) being permeable for vapour could not be
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confirmed by MÜLLER (2010). In using impermeable casings in preparation of cured cooked
products, there were fewer objections because of skatole.
In the investigation of a Danish working group, processing temperature of 70-90 °C did not
influence boar taint perception in cooked, smoked ham and Danish flank roll (KRISTENSEN et
al. 2011; TØRNGREN et al. 2011).
In a British study, WOOD and NUTE (1993) found only a few differences in the eating quality
between entire male pigs and gilts and determined the best cooking temperature of 72.5 °C and
80 °C for grilled steaks and roasts, respectively. Therefore, it was suggested that higher cooking
temperatures in the United Kingdom did not result in any differences in flavour and eating
quality of meat from boars, castrated or female pigs (WOOD et al. 1995). Roasting of boar meat
obtained 90 % of consumer satisfaction (RHODES 1972), and roasting in the oven improved
boar meat by comparison to cooking in water (ANASTASIJEVIC et al. 1985). There was no
difference observed between pork of the female and the entire male group with low levels of
boar taint related to dry oven-roasted, stewed oven-cooked and marinated oven-cooked pork.
Stewing produced the highest scores for boar taint regarding boars with high levels of boar taint
(MCCAULEY et al. 1997). Barbecue procedures resulted in aromatically components of
browning in contrast to cooking or steaming the meat (MÖRLEIN 2009).
The assessment for the most favourable processing method differed in EU countries. In France,
frying in a pan on a hot plate was more favoured than the oven procedure. In contrast, the oven
procedure was less discriminated by German consumers. However, the German study used a
baker for frying instead of a pan, and the German consumers did not have to wait until the end
of processing (SIRET et al. 1997b). In a Norwegian study, meat samples with androstenone
levels of 3 ppm were evaluated more poorly during the process of frying, but were accepted
afterwards in the fried meat samples eat by androstenone sensitive panel (LUNDE et al.
2010a).
The heat (120 °C) at processing did not show a significant effect on levels of boar taint
compounds; however, the temperature at consumption is important (LUNDE et al. 2008) and
the heat processing, especially the sterilisation, had an additional masking effect (SCHNÄCKEL
et al. 2014). A reduction in taste of manure and urine in reheated boar samples was observed
(LUNDE et al. (2008a). Lower threshold values were observed in cooked loin (androstenone
0.5 ppm; skatole 0.1ppm) compared to dry-cured ham (androstenone 2 ppm; skatole 0.12 ppm)
(BAÑÓN et al. 2003a). Interestingly, for androstenone sensitive persons the strongest sensation
for androstenone was found in coldly served scalded sausages that were processed at high
temperatures (MÜLLER 2010). The absorption of androstenone into adipose tissue was
suggested (ANONYM 2011; MÜLLER 2010). Surprisingly, in the same investigation
concentrations for androstenone, skatole and indole in products like canned sausages were
lower after treatment with heat.
Freezing of pork for several years or heating fat for longer than 24 hours resulted in little or no
effect on dissipating boar taint (PEARSON et al. 1969). Braising of pork chops developed boar
odour which was followed through on cooked products (BRATZLER et al. 1954). Broiling of pork
chops from boars and cryptorchids resulted in dissatisfaction for texture, aroma and flavour
(GULLETT et al. 1993), and moist cooking did not decrease the sensation of boar taint in highly
tainted entire male pigs (MCCAULEY et al. 1997).
Cold consumption of products containing tainted meat from entire male pigs lowered the
sensation of boar taint (CLAUS 1978; DESMOULIN et al. 1982; DIESTRE et al. 1990; HORST
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1970; MCCAULEY et al. 1997; PEARSON et al. 1971; SCHNÄCKEL et al. 2014; STÖCKLI
2005; WALSTRA 1974; WILLIAMS et al. 1963). When smoked, cooked ham was served cold
(23 °C) all negative attributes for odour were eliminated (TØRNGREN et al. 2011). In warmly
consumed Frankfurter sausages containing androstenone (0.7 ppm) and skatole (0.12 ppm),
the androstenone perception was clearly noticeable (KLETTNER and KÜHNE 1995).
However, androstenone should be below 0.4 ppm when cooked, smoked ham is served cold,
and when served hot, the level of androstenone should be below 0.2 ppm (KRISTENSEN et al.
2011). The hot serving of smoked, streaky bacon could be not recommended while cold serving
of smoked, streaky bacon eliminated unpleasant odour but not boar flavour (KRISTENSEN et
al. 2011).
When serving unmarinated pork chops with boar taint, there was more malodour at 60 °C than
served at 15 °C, but reheating the chops at 60 °C exposed lower boar taint (LUNDE et al.
2008a).
In contradiction, ham with an androstenone content of 9.15 ppm served at a low temperature of
5 °C was preferred less by sensitive consumers but was not detectable at 60 °C after masking
with bread and cheese in sandwiches (LUNDE et al. 2008b). The reheating (65 °C) of ham
before serving elevated boar taint sensation compared with serving cold (23 °C) in the
investigation by TØRNGREN et al. (2011).
High reservations for the release of products containing boar taint for cold consumption were
mentioned by CLAUS (1993), because an unforeseen heating like salami on pizza could not be
excluded. In contrast, MÜLLER (2010) revealed that androstenone insensitive persons from
expert panels evaluated hotly served canned sausages better because of a more intensive
meat aroma and the meat being firm to the bite.
The Table 28 gives an overview of this chapter.
2.7.5

Masking

2.7.5.1 Masking (spices, starter cultures, liver tissue)
Adding spices like garlic, bay leaves or clove to the curing achieved no further lowering of
sexual odour in meat in the investigation by FAHR (1938). LUNDE et al. (2008a), also, received
no sufficient masking effect using garlic, despite its potent flavour (LUNDE et al. 2008a).
Subsequent studies showed later that adding spices masked boar taint perception and
increased the threshold values for boar taint compounds (DESMOULIN et al. 1982; DIESTRE et
al. 1990; EGELANDSDAL et al. 2004; STÖCKLI 2005).
The taste of urine being related to the taste of androstenone was reduced by an oregano
flavoured marinade; but oregano alone displayed no significant effect in a reduced
androstenone perception (EGELANDSDAL et al. 2004). Oregano extract had the best capability
of masking boar taint (LUNDE et al. 2008a), and rosemary spices successfully disguised boar
taint as well (ANONYM 2011; MÜLLER 2010). A dilution of salt and 0.5 % rosemary, salvia and
oregano spices combined with a sterilisation of 120°C and a cold consumption had an almost
completely masking effect on boar taint. Other spices, like mace, marjoram, coriander, ginger
and nutmeg apple, in concentrations commonly used in meat industry (0.5-2.5 %) had a partially
masking effect, too (SCHNÄCKEL et al. 2014).
LUNDE et al. (2008b) investigated in an additional study cured and cooked ham that was made
from tainted meat and inserted this cooked ham in sandwiches with cheese (“Norwegia” 27 %
fat, Tine, Norway). A dominant masking effect of white bread or cheese was revealed that made
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a higher release of androstenone taste at 60 °C not detectable. The same ham, with high
androstenone content of 9.15 ppm but at lower temperature of 5 °C, was preferred less by
sensitive consumers (LUNDE et al. 2008b). According to ALFRED SCHWARZ (personal
communication, Oberndorf, October 2011) meat from male and female wild pigs with sexual
odour is marinated in buttermilk or red wine by hunters in the South of Germany in order to get it
fit for human consumption.
Factory processing of meat with boar taint for former cheap sales counters at slaughterhouses
achieved nearly full-value products by masking with fennel, curing and addition of liver tissue
(NIDEREHE 1977). Addition of 0.15 % fennel spice reduced the boar malodour and flavour
significantly but was not practicable because of a missing acceptance by consumers for
frankfurter sausages with fennel spice sensation (PLIMPTON et al. 1976). CLAUS (1993)
determined the masking effect of fennel spice.
MCCAULEY et al. (1997) achieved the lowest scores for boar taint perception by cooking highly
tainted pork that was placed in a sweet and sour marinade overnight. However, boar taint
remained still detectable compared to the groups of females and low tainted entire males.
The starter culture F-1 Bactoferm (Pediococcus pentosaceus; Staphylococcus xylosus) reduced
the perception of boar taint, and liquid smoke masked the sensation of boar taint in sausages
with low contents of boar taint compounds in fat. However, it failed to mask the boar taint
perception sufficient in sausages with high levels of androstenone and skatole in fat.
Acidification by starter cultures and the use of white pepper had no influence on boar taint
perception (STOLZENBACH et al. 2009).
In the investigation by LUNDE et al. (2013) Staphylococcus xylosus had a slight, but less
powerful, masking effect on skatole flavour (0.31-0.43 ppm skatole; 1.27-1.61 ppm
androstenone) in dry, salted bacon. However, with a more optimised technology,
Staphylococcus xylosus might be successful in lowering skatole perception.
Another masking approach was the use of liver. Skatole concentration was decreased by 75 %
in liver sausages, probably due to skatole decomposing liver enzymes (DEHNHARD et al.
1995), and the strong odour of liver tissue was sufficient to mask boar taint (NIDEREHE 1977).
Therefore, in Braunschweiger sausages tainted boar meat could be added up to 40 % (CRAIG
et al. 1962; HORST 1970; WILLIAMS et al. 1963). Liver sausages with androstenone and
skatole levels of 0.7 ppm and 0.12 ppm, respectively, were not noticed as tainted (KLETTNER
and KÜHNE 1995). At higher concentrations of androstenone (1.4 ppm) and skatole (0.22 ppm),
the malodour was still detectable (KLETTNER and KÜHNE 1995).
In the investigation by MÜLLER (2010), the score for inedibility because of boar taint was higher
in liver sausages than in other products.
2.7.5.2 Smoking
The smoking process achieved a reduction of skatole concentration probably by the reaction
with formaldehyde (DEHNHARD et al. 1995). The higher the duration of the smoking process or
the surface and permeability of the casing, the higher the reduction of skatole was because of a
larger penetration of smoke. So, in smoked belly a lowering of skatole by 58 % was reached
(DEHNHARD et al. 1995). Smoking successfully masked skatole and androstenone (ANONYM
2011; MÜLLER 2010), and a reduction of androstenone by 42.3 % was detected for smoked
pork chops (CLAUS et al. 1985c). In contrast to androstenone content, skatole concentration in
smoked sausages (pasteurized and vacuum packed) was decreased to one fifth of the original
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amount. However, even when consumed cold, boar taint remained detectable (WALSTRA
1974). In contrast, WALSTRA (1979) assured in a following summery that strongly tainted boar
meat and fat could be used in smoked sausages without being perceived.
Liquid smoke reduced the taste of manure being associated to the taste of skatole
(EGELANDSDAL et al. 2004). LINDAHL et al. (2007) showed that the smoking of fermented
sausages with normal contents of liquid smoke had a significant masking effect on boar taint.
LUNDE et al. (2008a) confirmed that marinating pork with strongly flavoured ingredients like
liquid smoke or oregano extract had the best capability of masking boar taint. In this way
marinated chops with skatole content of 0.4 ppm achieved a successful masking of boar taint.
Liquid smoke is an effective processing method for masking skatole flavour (0.31-0.43 ppm
skatole; 1.27-1.61 ppm androstenone) in bacon. However, only a limited concentration of liquid
smoke is acceptable to consumers (LUNDE et al. 2013). The smoking process, especially the
liquid smoke (SmokEz, Red Arrow Handels GmbH; concentrations of 1 mg/g and 2 mg/g), had a
high potential to mask boar taint flavour (SCHNÄCKEL et al. 2014) Sufficient masking results
will be reached with a more optimized smoking process, like another type of smoke, increasing
the length of smoking cycles and the use of permeable casings (STOLZENBACH et al. 2009).
Further details of masking process are given in Table 29.
2.7.6

Curing

The proposal to cure boar meat in order to avoid the sexual odour was rejected in 1892 but was
revived by KUNZE (1936) using a combination of dry curing and curing in brine with cooking salt
and saltpetre (PRINZ 1939).
After curing meat from cryptorchids for three weeks there was no sexual odour detected in the
cooking trial (KUNZE 1936). Quality improvement of pork from cryptorchids and young boars
was achieved to a higher degree by curing in brine (43 % elimination of sexual odour) than drycuring (32 % elimination of sexual odour). However, quality improvement of pork from older
brood boars by curing was doubtful and not recommended (FLEISCHMANN 1937). Curing in
brine for three weeks reduced the off odour sufficiently, and a totally elimination of boar taint
was reached in 19 % (FAHR 1938). KELLER (1937) noticed an additional improvement by
using a brine of cooking salt in concentrations over 20 % in contrast to brine of nitrite/nitrate.
Cured (pickled and dried) neck meat products from boars were more favourable in taste and
odour than products from castrated male pigs and no different smell was assessed
(ANASTASIJEVIC et al. 1985). In contrast, wet cured (wet brined and dried) belly bacon from
castrated male pigs scored better for odour and taste than the same product origin from boars
(ANASTASIJEVIC et al. 1985). The curing process formed aromatic compounds being able to
mask boar taint to full-value meat products (NIDEREHE 1977), and threshold values were
higher for dry-cured ham (androstenone 2 ppm, skatole 0.12 ppm) than for cooked loin (BAÑÓN
et al. 2003a).
In cured, cooked products there were fewer rejections concerning skatole using an
impermeable casing, and surprisingly, androstenone insensitive people felt a more intense meat
aroma with increasing levels of androstenone (MÜLLER 2010). The process of salting and
maturing for 7 days reduced the boar taint sensation, when it was consumed cold
(SCHNÄCKEL et al. 2014).
Several authors achieved quality improvement by curing, but no elimination of sexual odour
(HEYDT 1937; PIPPERT 1937; PRINZ 1939). No differences were found between dry and brine
curing (PIPPERT 1937). The best results were obtained using a brine of 19 % pure cooking salt
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(PIPPERT 1937). For improving meat quality with strong sexual odour, 25 % pure cooking salt,
without additives, was successfully used for 21 days (PRINZ 1939).
The use of nitrite/nitrate was not successful in the removal of boar taint (HEYDT 1936; PRINZ
1939), and there was no improvement after re-newing the curing brine after 14 days (FAHR
1938).
MOTTRAM et al. (1982) could exclude an emission of androstenone into brine during curing.
Therefore, no accumulation of androstenone in the curing tanks took place and carcasses of
gilts and castrates were not contaminated.
In contrast, PEARSON et al. (1969), as well as WALPER and KRATSCH (1973), found little or
no effect on sex odour in cured products like bacon and cooked ham. CLAUS (1978) presented
measurements demonstrating that the curing process had no influence on compounds of boar
taint, but in a later study the same author revealed a reduction of androstenone content in
cooked, smoked and cured products by using a radio immunological method for analysis
(CLAUS et al. 1985c).
Table 30 gives an overview about boar taint reduction in cured products.
2.7.7

Varieties of processed meat

Table 31 summarised the varieties of processed tainted meat. MAHR (1967) recommended a
combination of different processing methods to reduce boar taint, i.e. hanging in air draught, dry
curing for four weeks between 1-3 °C with 50 g salt, juniper berries and garlic, afterwards
smoking for 24 hours and the cooking for two hours. However, a complete elimination was not
possible confirming by CLIPLEF et al. (1984; 1981), where fresh meat and processed meat
products from barrows were still preferred, although processing reduced androstenone levels in
meat of boars.
In a Swiss study, salami, ham and bacon originated from boar meat were tested by visitors at a
fair and employees of the Research Institute of Organic Agriculture (BAHRDT 2008). No
differences were detected in the products, and a majority of over 80 % evaluated the overall
impression well and very well. However, the persons were not tested to be sensitive to boar
taint or its compounds, and androstenone and skatole levels were not recorded (BAHRDT
2008). In the investigations by COKER et al. (2009) and DESMOULIN et al. (1982), products
originated from boar meat with levels less than 1.0 ppm androstenone were accepted overall by
boar taint sensitive testing panels as well as by consumers.
2.7.7.1 Ham
In the consumer study by PEARSON et al. (1971), canned ham containing boar meat was
preferred in contrast to cured, smoked ham being favoured by the control group (barrows, gilts,
sows). Compared to the laboratory testing panel, the consumer testing panel did not differ
between cooked ham from boars or from castrated males (WALSTRA 1979). Cooked ham from
boar meat with low levels of androstenone and skatole were scored equally to ham from
castrated pigs (BONNEAU et al. 1979; 1992b). Even highly tainted boar meat (1.1 ppm
androstenone; 0.17 ppm skatole) processed and presented as ham was not recognised as boar
meat by most consumers (MCCAULEY et al. 1997). Additionally, meat with three-fold higher
threshold values for androstenone (1.5 ppm instead of 0.5 ppm for fresh meat) and skatole
(0.75 ppm instead of 0.25 ppm for fresh meat) could be used in cooked ham (BONNEAU et al.
1979; 1992b). This was confirmed by DISTRE et al. (1990) finding cooked ham acceptable with
a fat androstenone concentration above 1 ppm in the raw ham.
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In the investigation by DEHNHARD et al. (1995), no other processing method could reduce
androstenone except for pressing ham and cooking ham (top side and silverside), where
androstenone was decreased by 60 % and 54 %, respectively. On the other hand, analytic
measuring showed that in both cooked ham products skatole was eliminated to 100 %
(DEHNHARD et al. 1995). However, in a sensory analysis, KLETTNER and KÜHNE (1995)
revealed that skatole (0.22 ppm), but not androstenone (1.4 ppm), was detectable in pressed
ham.
LÖSEL (2006) observed an elimination of skatole levels in cooked ham but no reduction in
salami and canned meat. A reduction of 45.8 % for androstenone in pressed ham was
ascertained by CLAUS et al. (1985c), but COKER et al. (2009) achieved only a mean reduction
of 29.1 % of total androstenone concentrations in cooked and cured hams. In cooked ham there
was little perception of boar taint. However, in dry cured ham boar taint was noticed at room
temperature (BAÑÓN et al. 2003b).
Equal scores were reached for global acceptability and taste of cooked ham produced with
meat from entire male pigs containing levels of 0.07 ppm skatole and over 1 ppm androstenone,
but odour of cooked ham originating from boars was less preferred by consumers (CHEVILLON
et al. 2010b).
Of particular interest was the study by RUDOLPH and GESSL (2012) questioning Austrian
consumers about tainted boar meat products. The worst scores were given for cooked ham
originating from meat with moderate odour (0.5-0.99 ppm androstenone and < 0.22 ppm
skatole), whereas cooked ham from meat with strong odour (> 1.0 ppm androstenone;
> 0.22 ppm skatole) scored much better.
Processing raw ham reduced boar taint compounds to 50 % being chemically analysed and,
these products were less objected (MÜLLER 2010; MÜLLER et al. 2012). So, for smoked and
cooked ham a serving temperature of 23 °C and the use of meat with androstenone levels
below 0.4 ppm were recommended to minimise boar taint sensation, while levels of skatole and
indole in the meat, as well as the processing temperature (70 °C), seemed to have no influence
on boar taint perception (KRISTENSEN et al. 2011; TØRNGREN et al. 2011).
In raw ham the reduction of skatole was only 60 % (DEHNHARD et al. 1995), but even higher
levels of androstenone (1.4 ppm) and skatole (0.22 ppm) were not perceived in raw ham with
low fat content (KLETTNER and KÜHNE 1995).
When meat from entire male pigs with concentrations of 0.11 ppm skatole and 0.5-0.7 ppm
androstenone was used for producing dry-cured ham, no differences were observed compared
to products originating from gilts and castrated males (CHEVILLON et al. 2011b). Probably,
boar taint compounds were slightly lowered after processing. However, with higher
androstenone levels in meat (1.5-2.3 ppm), acceptability of dry-cured ham decreased
(CHEVILLON et al. 2011b).
In contrast, DESMOULIN et al. (1982) noticed 28 % unfavourable ratings in overall acceptability
of cooked ham from boars vs. 23 % from pork of the control group in a consumer test. For the
production of Spanish dry-cured ham, carcasses with androstenone levels higher than 0.5 ppm
were not suitable (ARNAU et al. 1986). Skatole and indole concentrations were lowered by
processing, but the curing and drying treatments solely masked the off odour by rancidity or
oxidation. Boar taint, however, was not eliminated (ARNAU et al. 1986; DIESTRE et al. 1990)
(see Table 32 for an overview).
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2.7.7.2 Bacon
Sensation of bacon showed a significant sex-related effect, because bacon produced from meat
of intersexes and entire male pigs was scored lower in the study by GULLETT et al. (1993). In
other studies, bacon from boars achieved 90 % to 95 % consumer satisfaction, but a complete
elimination of boar taint could not be obtained (RHODES 1971; SMITH et al. 1983b). Between
bacon from boars or castrates no difference in flavour and overall acceptability was assessed
(MOTTRAM et al. 1982). Only less than 4 % of testers found either aroma or flavour of boar
bacon less pleasant. Bacon from boars was scored tenderer and the strong aroma was
concurrently associated with an appetising effect (COWAN and JOSEPH et al. 1981; LESSER
et al. 1977; WALSTRA 1979). The processing to bacon exhibited a slight androstenone
reduction of 20.8 % (CLAUS et al. 1985c). Lardoons from boar meat (0.07 ppm skatole;
> 1 ppm androstenone) were evaluated equally in global acceptability and taste by consumers
comparing products from entire male, female and castrated pigs (CHEVILLON et al. 2010b). A
cold serving of smoked, streaky bacon with an androstenone level below 0.9 ppm and skatole
level below 0.8 ppm in neck fat was recommended by KRISTENSEN et al. (2011).
LUNDE et al. (2013) demonstrated that consumers accepted dry salted bacon with higher levels
of skatole (up to 0.35 ppm instead of 0.21 ppm) just like bacon from castrated pigs. However,
they failed to note if expert and consumer panellists are sensitive for skatole.
In the study by RUDOLPH and GESSL (2012), Austrian consumers gave the worst scores for
bacon originating from meat with moderate odour (0.5-0.99 ppm androstenone and < 0.22 ppm
skatole). Surprisingly, bacon with meat with strong odour (>1.0 ppm androstenone; > 0.22 ppm
skatole) scored much better in the same way as observed for ham (RUDOLPH and GESSL
2012).
However, in the study by BÉAGUE et al. (1997), lardoons from boars were rated less favourable
when levels of skatole (> 0.25 ppm) and androstenone (> 1.0 ppm) were high.
After processing bacon from boars with strong odour for luncheon meat, in smoked sausages or
in cooked ham, the sexual odour remained detectable (MOERMAN and WALSTRA 1978) and
in wet cured belly bacon of castrated male pigs, odour and taste were more favourable
(ANASTASIJEVIC et al. 1985). Sensations of androstenone (1.4 ppm) and skatole (0.22 ppm)
remained in bacon after processing (KLETTNER and KÜHNE (1995). This was confirmed by
MCCAULEY et al. (1997) obtaining no decrease of boar taint sensation after processing into
bacon, either (see Table 33).
2.7.7.3 Salami sausages
The maturation time of the products are given in the Table 34 as far as available. The maturing
process of salami production caused a 23 % reduction of androstenone concentration and
increased consumer acceptability (BONNEAU et al. 1980). In contradiction to BONNEAU et al.
(1980), no successful decrease of analysed levels of androstenone and skatole in salami was
observed by DEHNHARD et al. (1995), and in addition, the perception of androstenone
(1.4 ppm) and skatole (0.22 ppm) in salami was retained (KLETTNER and KÜHNE 1995). In
salami from tainted meat the boar taint perception appeared to be similar to salami originating
from female carcasses. This was probably based on cold consumption of this product
(MCCAULEY et al. 1997). In sensory evaluation salami from boar meat was perceived better
than from untainted meat. 52.9 % of the male participants, but only 37 % of the female testing
persons, perceived salami from boar meat better than from untainted meat. The overall liking for
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salami without tainted meat was slightly higher than for salami with tainted boar meat (HEID et
al. 2011). This was confirmed by MEIER-DINKEL et al. (2013c) where the average acceptability
of salami with high androstenone levels (1.6 ppm) was slightly, but significantly lower compared
to salami with low levels (0.4 ppm) in melted fat. However, the negative rating of highly tainted
fermented sausages (6 %) was lower by contrast with loins of boars (20.7 %) (MEIER-DINKEL
et al. 2013a; 2013c).
Androstenone concentration was reduced in mould-ripened and cured raw products and aroma
of mould seemed to mask aberrant odour and flavour caused by androstenone (MÜLLER et al.
2012).
2.7.7.4 Sausages
Consumers preferred pure pork sausages containing tainted boar meat instead of meat from
gilts and barrows in the investigation by PEARSON et al. (1971). Meat with strong boar taint
was successfully used in cooked salami. However, boar taint appeared again after reheating
(WILLIAMS et al. 1963). Meat with medium or less boar taint perception (hot iron and sensory
evaluation) could be used as an unaccompanied component processing Frankfurter sausages
(smoked, scalded sausages in a casing) (PLIMPTON et al. 1976). Skatole concentrations could
be lowered through processing in scalded sausages (23 – 39 %) and in Frankfurter sausages
(62 – 64 %). Unfortunately, in full and ¾ preserved scalded sausages there was no sufficient
reduction, neither for skatole (5-10 %) nor for androstenone (0 %) levels (DEHNHARD et al.
1995).
However, Frankfurter sausages and dry sausages produced with meat of moderate odour (0.50.99 ppm androstenone and < 0.22 ppm skatole) were evaluated at worst by sensitive
consumers (RUDOLPH and GESSL 2012). Similar to ham and bacon, Frankfurter sausages as
well as raw sausages containing meat with strong odour (> 1.0 ppm androstenone; > 0.22 ppm
skatole) were evaluated preferably by consumers. However, the main reason for this reaction
was the lack of spice flavour overall (RUDOLPH and GESSL 2012).
Rillettes and cold sausages with garlic containing boar meat were less preferred than from
castrates by the laboratory but not by the consumer testing panel (BONNEAU et al. 1979).
Androstenone concentrations decreased after maturation up to 23 % for dry sausages
(BONNEAU et al. 1980). There was only a slight reduction of androstenone content (4.5 %)
when processing Bologna sausages (CLAUS et al. 1985c). British style sausages containing
meat from boars were scored better in odour and flavour than sausages from gilts and hogs by
a consumer panel (RHODES and KRYLOW 1976). Fresh and dry sausages produced with boar
meat (0.07 ppm skatole and > 1 ppm androstenone), instead of meat from gilts and castrated
pigs, were evaluated equally for global acceptability and taste by consumer panellists
(CHEVILLON et al. 2010b).
The only attribute being associated to gender was the lower salt content and the lower overall
acceptability for boars (MATTHEWS et al. 1997). LINDAHL et al. (2007) negated the
involvement of starter cultures in the masking effect of boar taint in fermented sausages.
However, in traditional Swedish fermented sausages the starter culture F-1 Bactoferm
(Pediococcus pentosaceus; Staphylococcus xylosus) was the most efficient one to reduce boar
taint sensation, but it was not able to mask it completely (STOLZENBACH et al. 2009). Because
of the increased perception of androstenone after treatment with high temperatures, the most
promising products for masking boar taint were products being prepared at low heat like
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scalded and liver sausages and raw sausages and raw cured products consumed cold
(ANONYM 2011; MÜLLER 2010).
However, in smoked sausages (pasteurized and vacuum packed) boar taint remained
detectable even when consumed cold (WALSTRA 1974). Unfavourable ratings for overall
acceptability in dry sausages was higher using boar meat (24 %) than pork from the control
(18 %) group (DESMOULIN et al. 1982). In the study by KLETTNER and KÜHNE (1995),
sensation of androstenone (1.4 ppm) and skatole (0.22 ppm) was perceived in canned liver
sausages and in scalded sausages with a casing impermeable to water vapour. Warmly
consumed Frankfurter sausages containing androstenone (0.7 ppm) were distinguished as
tainted, and in fresh blood pudding, only skatole (0.22 ppm) was detectable by 95 %, but not
androstenone (1.15-1.40 ppm) (KLETTNER and KÜHNE (1995).
Hence, MÜLLER et al. (2012) required the use of odourless boar meat for processing raw,
fermented meat products like raw ham or raw sausages, because the perception of boar odour
differentiated from aromatically to total rejection. The technological properties for boar meat
compared to meat from castrates were similar (MÜLLER et al. 2012).
An overview is given in Table 35.
2.7.8

Other processing methods

Freeze dried lean tissue of a boar was freed of fat by ether extraction and exhibited no
detectable amount of sexual odour after boiling in water. Compounds of sex odour located in fat
could possibly be separated by selective extraction procedures (CRAIG and PEARSON 1959).
LARD, cited by PEARSON et al. (1969), mentioned that treatment with high pressure steam
distillation seems to lead to a complete lack of the undesirable aroma. SHEARD et al. (1999)
investigated injected solutions with low and high pH and polyphosphate (3 % and 5 %) into pork
in order to increase the water-holding capacity, juiciness and tenderness. The investigation was
not designed to affect boar taint, but no differences between boars and gilts were found.
However, pork flavour was low in polyphosphate-treated pork, and therefore, abnormal flavour
was more noticeable.
Besides the effective methods of masking of boar taint compounds with smoke and spices,
STIEBING (2010) mentioned that the process of heating at high temperatures even intensified
the sensation of boar taint (for an overview see Table 36).
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3 Discussion
3.1 Breed and genetics
3.1.1

Breed difference

No breed could be identified unaccompanied as a breed having the highest levels of boar
taint sensation, androstenone or skatole; but some trends were apparent.
Reading the reviews, it seemed that the breeds of Duroc, Piétrain, Meishan and Landrace were
associated in some cases with higher boar taint perception (BONNEAU and DESMOULIN 1975;
FRIEDEN et al. 2011; PIGCAS Project 2008; VAN WAGENBERG et al. 2013). And indeed,
breeds often associated with the highest levels of androstenone were the Duroc breed (FiBL
2012a; GREGERSEN et al. 2012; GRINDFLEK et al. 2008; MOE et al. 2007a; SQUIRES and
SCHENKEL 2010; TAJET et al. 2006; XUE et al. 1996a) the Meishan breed (BIDANEL and
ROTSCHILD 2002; DORAN et al. 2004; EFSA 2004a) and the Piétrain breed (WILLEKE 1993;
XUE et al. 1996a), whereas the often compared Landrace had lower androstenone levels (FiBL
2012a; GRINDFLEK et al. 2008; MOE et al. 2007a; WEILER et al. 1995; WILLEKE 1993).
The Duroc breed is mentioned several times in context with high androstenone concentrations
(TAJET et al. 2006; MOE et al. 2007a; PIGCAS 2008), but there is also one study by CHEN et
al. (1993) finding no difference in boar taint between Duroc and Yorkshire breed. Often related
with high values of androstenone is the Meishan breed in some studies (BIDANEL and
ROTSCHILD 2002; DORAN et al. 2004; EFSA 2004a), but other investigations disagree
(BIDANEL et al. 1997; QUINTANILLA et al. 2003). In most cases, Landrace, Large White,
Yorkshire and Hampshire breeds are classified lower in the assessments of androstenone
concentrations or of boar taint sensation than the three breeds mentioned above (BRACHER
JAKOB 2002; GREGERSEN et al. 2012; PEACOCK et al. 2008; PIGCAS 2008; SQUIRES and
LUNDSTRÖM 1997; WEILER et al. 1995; WILLEKE 1993; XUE et al. 1996a). Even in the
breeds with minor androstenone levels and lower boar taint grading, no one could be labelled
as the breed having the slightest levels of androstenone or boar taint. In the majority of cases,
the Landrace reached higher values of androstenone compared to the Large White except for
one investigation by WILLEKE (1993) scoring for higher androstenone levels in the Large White
breed rather than in Landrace. The studies by CLAUS (1975) and ROBB et al. (1975) did not
find differences between the Large White breed and the Landrace in the development of boar
taint.
Regarding skatole levels breeding differences were found too, but they varied from
androstenone concentrations. Landrace pigs were often mentioned in correlation to higher
skatole values (EFSA 2004a; GREGERSEN et al. 2012; GRINDFLEK et al. 2011b; MATHUR et
al. 2013; PEDERSEN 1998; WINDIG et al. 2012). Contrary to high androstenone levels, the
concentrations of skatole were low in the Duroc breed (GREGERSEN et al. 2012; GRINDFLEK
et al. 2011b; WINDIG et al. 2012). Additional breeds associated with slight skatole values were
the Yorkshire and Large White (BABOL et al. 2004; EFSA 2004a; PEACOCK et al. 2008;
PEDERSEN 1998) as well as the Chinese Jinhua pig (LI et al. 2009b) that is associated with
minor skatole contents. Interestingly SQUIRES and LUNDSTRÖM (1997) found a higher
skatole content in Wild Pig crosses than in Yorkshire pigs.
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However, the newly created breeding boars, named ”Premo”, “Inodorus”, “Nador” and
“db.7711”, which successfully pass on the breeding qualities of less boar taint, had Large White
and above all Piétrain backgrounds. Piétrain seemed to pass on lower boar taint sensation
than Duroc, Landrace or Yorkshire by good carcass characteristics (MATHUR et al. 2013;
NIGGEMEYER 2012). Surprisingly, not one of the new AI boars had a Yorkshire or Hampshire
background despite these lines being often associated with low boar taint perception
(MALMFORS and HANSSON 1974; XUE et al. 1996a) and slight concentrations of boar taint
compounds in several studies (BRACHER JAKOB 2002; PEACOCK et al. 2008; PIGCAS
Project 2008; SQUIRES and LUNDSTRÖM 1997; WEILER et al. 1995; WILLEKE 1993).
3.1.2

Heritability

Initial results (publications from the years 1968 to 1978) regarding the heritability for boar taint
intensity made no differentiation between the boar taint compounds. It should be taken into
account if the values of heritability were estimated or realised. In addition, it should be
considered if boar taint compounds were chemically analysed in fat or plasma and if
correlations to other breeding traits were included.
Most of the published heritabilities are data for androstenone reaching from h2 = 0.25 to 0.88
(JONSSON and ANDRESEN 1979; SELLIER and BONNEAU 1988). However, average
estimated heritabilities are encountered from h2 = 0.50 to 0.60 (FOUILLOUX et al. 1997;
SELLIER et al. 1997). In more recent investigations, mean heritability for androstenone ranged
from h2 = 0.50 to 0.75 (ENGELSMA et al. 2007; GRINDFLEK et al. 2008; KNOL et al. 2010;
MATHUR et al. 2013; VARONA et al. 2005; WINDIG et al. 2012).
The lowest value of an estimated heritability for androstenone h2 = 0.25 ± 0.13 in the Danish
Landrace given by JONSSON and ANDRESEN (1979) was corrected immediately by a linear
combination of the 5α-androstenone levels with the olfactory panel score. The highest and
withal realized heritability for androstenone in adipose tissue of crossbred pigs (Large White x
Landrace) is h2 = 0.88 (SELLIER and BONNEAU 1988). Prior to this, two realized heritabilities
for androstenone, the first of h2 = 0.60 and the second of h2 = 0.56 ± 0.11, were mentioned by
WILLEKE et al. (1980; 1987).
In the mid-nineties, breed specific heritability for skatole was investigated by PEDERSEN
(1998). The Duroc breed reached the lowest heritability of h2 = 0.19. Additional results of skatole
heritability ranged from h2 = 0.19 for Duroc to 0.74 in Landrace (PEDERSEN 1998; VARONA et
al. 2005) with mean values from h2 = 0.40 to 0.60 (ENGELSMA et al. 2007; KARACAÖREN et
al. 2009, 2010; KNOL et al. 2010; MATHUR et al. 2013, WINDIG et al. 2012).
The published details for estimated heritability of indole are tenuous and ranged from h2 = 0.26
for Duroc breed to h2 = 0.57 in Swiss Large White pigs (BAES et al. 2012; MATHUR et al. 2013;
TAJET et al. 2006).
As a consequence of these high heritabilities, it was assumed that breeding against boar taint
and the compounds androstenone and skatole should be possible and very successful
(LUTHER 2011).
3.1.3

Breeding selection

Estimated breeding values for high or low androstenone and other genetic factors (BONNEAU
and SQUIRES 2001) affected phenotype more than environment and might provide a potential
prepubertal prediction of androstenone levels in adult pigs (LERVIK et al. 2013).
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At the beginning of breeding against boar taint, there was the fear of changing sexual maturity
and fertility (SELLIER and BONNEAU 1988; SMIDT 1968; WILLEKE et al. 1987; WILMOWSKY
et al. 1969; WINTERS et al. 1942). Some studies did not find any negative influence on sexual
maturity and fertility when breeding against high boar taint compounds was carried out
(JONSSON and WISMER-PEDERSEN 1974; LUTHER 2011; SQUIRES 2006). Selection for
the Asian low-androstenone haplotype had no unfavourable influence on other breeding goal
traits (HIDALGO et al. 2014b). Therefore, the reduction of boar taint would be possible with the
correct evaluation of traits (TAJET et al. 2006), and a quantitative selection against boar taint
could be performed if done in a balanced way.
However, the female fertility was affected differently depending on the characteristics of the
breed (MERKS et al. 2010a; 2010b). A marker associated breeding program appeared to be
particularly promising, especially with regard to a long term solution of boar taint (BONNEAU
1998; BONNEAU and PRUNIER 2005; BONNEAU and SQUIRES 2001).
Therefore, influence of the selection for lower concentrations of androstenone on sexual
maturation is still ambiguous. A correlation of androstenone and the age at first insemination
of sows might indicate a delay in sexual maturity (MATHUR et al. 2013). Testis morphology and
the estimated breeding values for androstenone were not correlated, but, there was a link
between fat androstenone and the development of the seminiferous tubules (LERVIK et al.
2013). The impact of selection against boar taint on male fertility characteristics was slight, but
unfavourable (BERGSMA et al. 2007), and reduction of boar taint toward a zero level was
doubtful (ENGELSMA et al. 2007). In contrast, STRATHE et al. (2013) did not find a negative
effect on the production of semen nor on the survival rate of embryos and offspring, if selection
against boar taint compounds was carried out.
Nevertheless, genetic research and selective breeding might be the best way to control the boar
taint compounds, skatole and androstenone, under long-term observation if details are clarified
(FREDERIKSEN and NAFSTAD 2006; GIERSING et al. 2006).
EFSA (2011) considered boar taint to be the product of small effects of many genes. The theory
of a major gene (FOUILLOUX et al. 1997; LUNDSTRÖM et al. 1994) controlling both
compounds of boar taint, androstenone and skatole, could not be endorsed by several
investigations (LEE et al. 2005; LE MIGNON et al. 2010; PEDERSEN 1998; PIGCAS 2008).
However, DUIJVESTEIJN et al. (2010) noticed major genetic factors on SSC 1 and SSC 6 and
the candidate genes cluster especially on SSC 6.
The goal of the genetic approaches is to identify causative mutations or polymorphism in
important genes influencing the metabolic pathway. That would clear the way for using
these markers in breeding programs in order to create lines of pigs without boar taint
(SQUIRES and SCHENKEL 2011). The localization of QTL or markers associated with the main
boar taint compounds androstenone, skatole and indole is searched for on the Sus scrofa
chromosome (SSC).
3.1.4

Genetics of enzymes

The 3β-HSD is a possible candidate gene for selection against androstenone, because of
negative correlation to the accumulation of androstenone in adipose tissue (DORAN et al.
2002b; 2004). However, the 3β-HSD expression varies with the weight (NICOLAU-SOLANO et
al. 2007) and seems to be specific for the respective breed (MOE et al. 2007a). Additional
possible candidate genes were enzymes of the catabolism of androstenone like the SULT 2A1
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(SINCLAIR and SQUIRES 2005; RASMUSSEN et al. 2012) and enzymes of the androstenone
synthesis, like CYP 17, CYB 5A and the 5α-reductase (BUCHER 2005; DAVIS and SQUIRES
1999; LIN et al. 2005a; 2005b; MEADUS et al. 1993; PEACOCK et al. 2008).
The genetic modification of the key enzymes CYP 2A6, CYP 2E1, SULT 1A1 was
recommended for the development of genetic markers that could be used in a marker
associated selection for low skatole concentrations in adipose tissue (LIN et al. 2004a; 2004b;
2006; TAMBYRAJAH et al. 2004). Genetic modification of the key enzymes for boar taint
compounds may also be achieved by using transactivation of nuclear receptors (GRAY and
SQUIRES 2013a; 2013b).
Androstenone inhibits enzymatic CYP 2A6 protein expression and CYP 2E1 expression and
decreases skatole metabolism resulting in higher skatole levels (CHEN 2007; DORAN et al.
2002b; RASMUSSEN et al. 2011a; TAMBYRAJAH et al. 2004; ZAMARATSKAIA et al. 2007).
Expression of enzymes metabolizing skatole and androstenone is specific for the respective
breed (OLIVER 2009) but can be influenced on the genetic level by feeding secondary plant
metabolites (RASMUSSEN and EKSTRAND 2014; RASMUSSEN et al. 2011b; 2014).
If the exact enzymatic metabolism is known, synthesis and catabolism of androstenone and
skatole could be influenced by genetic selection or even by feeding additives. However, breed
specific metabolism makes it difficult to find a generally applicable genetic pathway.
3.1.5

Genetics on chromosomal level

New analysis methods, like GWAS, LDLA and RNA deep sequencing, revealed a high number
of candidate genes for influencing boar taint compounds. An overview of the explored QTL on
SSC location, SNPs and candidate genes as well as receptors affecting concentrations of
androstenone is given in Table 37. A comparison of the results is difficult, because of breed
specificity, incomplete porcine annotation and less agreement in the localization of these genes
and polymorphisms. Potentially negative consequences of a selection against boar taint on
other traits, especially the reproductive performance, are still not yet clarified.
Although results varied between the different studies, there were some QTL of androstenone
that showed concurring traits (DUIJVESTEIJN et al. 2010; GREGERSEN et al. 2012;
GRINDFLEK et al. 2009, 2011a, 2011b; GUNAWAN et al. 2013a; HIDALGO et al. 2041a;
QUINTANILLA et al. 2003; LEE et al. 2005; LE MIGNON et al. 2010; LEUNG et al. 2010;
VARONA et al. 2005). Polymorphism and QTL for androstenone were mentioned quite often
on SSC 6, followed by frequent references of QTL on SSC 3, 4 and 7. Only a slight overlap of
QTL between the breeds of Duroc, Landrace and Yorkshire was found on SSC 6, 12 and 14 by
GREGERSEN et al. (2012). However, QTL and candidate genes for boar taint and its
compounds are specific for the respective breed. In the Duroc breed, traits for androstenone
were mapped on SSC 3, 6, 12 and 14 and traits for skatole and indole on SSC 3, 5 and 10. The
Landrace showed traits for androstenone placed to SSC 1, 2, 7 and 12, while traits for skatole
and indole were mapped on SSC 5, 6, 11, 14 and 15. Traits for androstenone were found on
SSC 11, 12 and 14 in the Yorkshire breed, and in the same breed, traits for skatole and indole
were placed on SSC 6, 7, 8, 9 and 14 (GREGERSEN et al. 2012).
The microarray associations studies (MOE et al. 2007b; 2009) and the GWA LDLA studies
(GRINDFLEK et al. 2011a) detected a lot of genetic markers and candidate gene coding for key
enzymes in androstenone metabolism. However, the number of markers and candidate genes
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varied. AKR 1C4, CYB 5A, CYP 11A1, CYP 17A1, DHR S4, FTL, HSD 17 B4, STAR,
SULT 2A1 and SULT 2B1 are candidate genes for androstenone levels according to several
studies (DUIJVESTEIJN et al. 2010; GREGERSEN et al. 2012; GRINDFLEK et al. 2010, 2011a,
2011b; GUNAWAN et al. 2013a; HIDALGO et al. 2041a; LEUNG et al. 2010; MOE et al.
2007b).
In Table 37 located in the Annex, an overview is prepared showing the explored QTL on SSC
location, SNPs and candidate genes as well as receptors associated with androstenone levels
up to that point.
The most frequently mentioned chromosomes for polymorphism or traits for skatole and
indole were the SSC 14 by far followed by SSC 6 and SSC 13 (GREGERSEN et al. 2012;
GRINDFLEK et al. 2011a, 2011b; GUNAWAN et al. 2013b; KARACAÖREN et al. 2010; LEE et
al. 2005; LE MIGNON et al. 2010; RAMOS et al. 2011; ROWE et al. 2014; SKINNER et al.
2005; VARONA et al. 2005). CYP 2E1 was the candidate gene quoted most for association
with skatole and indole concentrations (GREGERSEN et al. 2012; MOE et al. 2009;
KARACAÖREN et al. 2009; 2010; ROWE et al. 2014; SKINNER et al. 2005).
An overview of the explored QTL on SSC location, SNPs and candidate genes as well as
receptors affecting concentrations of skatole and indole is found in Table 38 and Table 39.
A lot of SNPs and candidate genes are found. However, further validation is required to
confirm already found markers and to find new one for each pig breed in order to use it in
breeding programs for a selection against boar taint.

3.2 Fattening of boars
The European consumers, especially the German, suspect the immunocastration, because they
are badly informed about the mechanism of immunocastration (SCHMOLL et al. 2011) and
feared residues in meat (HEID et al. 2011; PROVIEH 2008). If the consumers receive detailed
information’s, they supported to a higher degree the immunocastration compared to surgical
castration. However, 40 % of German consumers had no opinion what they preferred
(SCHMOLL et al. 2011). Therefore, in Germany the classic fattening of boars seems to be one
of the alternatives for piglet castration being the most realisable in the future (BAUMGARTNER
et al. 2004; HAGMÜLLER 2006; LITTMANN et al. 2012).
According to STEINMANN et al. (2012), the economical disadvantage of boar fattening had an
amount of 20 Euro per fattening place and year compared to surgical castration without
anaesthesia.
3.2.1

Feeding

On the points of feeding low or high energy-density feed to reduce skatole, the authors were in
disagreement. On the one hand, a high energy diet combined with purines increased IGF-1, gut
cell mitosis, apoptosis and, therefore, skatole levels in plasma and fat (CLAUS and RAAB 1999;
NEUPERT et al. 1995). On the other hand, they found an increased skatole level in faeces and
back fat by an energy reduced and low nutrient-density diet fed ad libitum (BERNAL
BARRAGÁN 1992; LUNDSTRÖM et al. 1988). In addition, the attention was turned to the
protein content of the diet on skatole level with higher skatole concentration in back fat after
feeding a low protein (13.1 %) diet (LUNDSTRÖM et al. 1994). It could not be demonstrated,
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though, whether the effect was caused by the dietary protein level per se or the interaction
between feed and genetic influence.
A tendency of lowering the skatole level in fat by the restrictive feeding of pigs was observed
(BRENNAN et al. 1986; ØVERLAND et al. 1995; VOSS and HOLTZ 1981) after fasting for at
least 12 hours prior to slaughter (ANDERSSON et al. 1997; KJELDSEN 1993). However,
withholding feed raised androstenone levels and had no effect on consumer acceptance
(ANDERSSON et al. 1999; JEREMIAH et al. 1999a).
The application of wet feed in order to reduce skatole was considered financially feasible in
industrial pig-farming by KAMPHUES and BETSCHER (2010). However, there were differing
views held on changing skatole concentration by ad libitum supply of water or wet feeding. With
a mix of 3.3 litres of water per 1 kg feed skatole levels in adipose tissue of boars were reduced
(ALLEN et al. 1997; KJELDSEN 1993), and superior results were achieved by adding whey
(KJELDSEN 1993; ANDERSSON et al. 1997), casein (JENSEN et al. 1995a; JENSEN and
JENSEN 1998) or skimmed milk (PIATKOWSKI and JUNG 1967) instead of water. However,
results of other investigations did not exhibit significant changes in skatole concentrations when
using liquid feed compared to dry pelleted feed or adding water or no water to the diet (JENSEN
et al. 1997c; SLOTH et al. 1994; ALDAL et al. 2005).
To control boar taint, the influence of diet is high if the feed components affect several steps of
boar taint formation, like steps of synthesis and accumulation of skatole, indole or
androstenone. WESOLY and WEILER (2012) assumed the supplementation of inulin or RPS
for the most efficient feed intervention influencing the microbial fermentation by changing the
pH value or the energy availability for bacteria and reducing Tryptophan disposability via
inhibiting apoptosis. JENSEN and JENSEN (1998) investigated various diets fed for two weeks
and noticed that an ideal diet should include a readily digestible protein source such as casein
and an alternative carbohydrate source (pectin, resistant starch or FOS) which is not digested
until it has reached the large intestine.
Feeding 20 % to 60 % RPS for three to five days reduced boar taint and particularly skatole
levels in gilts, castrates, but also in entire male pigs due to butyrate formation inhibiting
apoptosis (CLAUS et al. 2003; LÖSEL 2006; LÖSEL and CLAUS 2005; MENTSCHEL and
CLAUS 2003; ØVERLAND et al. 2011; PAULY et al. 2007; 2008; ZAMARATSKAIA et al.
2005a). It could also be due to increased hind-gut fermentation with an incorporation of
Tryptophan into microbial biomass (ØVERLAND et al. 2008; 2011). High amounts of RPS are
expensive though and not practical under farming conditions (CLAUS et al. 2003). Therefore, an
addition of 20 % to 30 % RPS to the diet one or two weeks prior to slaughter is practically
feasible and results in skatole reduction in belly fat of 84 % (LÖSEL 2006; LÖSEL and CLAUS
2005; PAULY et al. 2007; 2008; ZAMARATSKAIA et al. 2005a). It is still not discernible whether
indole and androstenone levels are affected by RPS (CHEN 2007; CHEN et al. 2007a;
KUPPER and SPRING 2008; LUNDSTRÖM and ZAMARATSKAIA 2006; ØVERLAND et al.
2011; PAULY et al. 2010).
The FOS were successful in lowering skatole by changing the fermentation pattern and genetic
transcription and translation (RASMUSSEN et al. 2012, 2014; XU et al. 2002).
An effective lowering of skatole in adipose tissue was achieved by adding 25 % dried or crude
chicory root (14 % purified inulin) for one week (HANSEN et al. 2006) or feeding 6-9 %
chicory (4.2-6.3 % pure inulin) for the last 14 to 30 days prior to slaughter (KJOS et al.
2010; ØVERLAND et al. 2011; ZAMMERINI et al. 2012). The feeding of 10 % chicory roots for
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16 days induced the mRNA and protein expression of catabolic enzymes (CYP 1A2, CYP 2A
and CYP 2E1 as well as 3β-HSD) which resulted in lower levels of skatole and androstenone
(RASMUSSEN et al. 2011a; 2012). However, the same researchers could show in vitro that the
global chicory root extract did not increase enzyme expression in hepatocytes, while several
second plant metabolites of chicory did increase mRNA expression of CYP isoforms
(RASMUSSEN and EKSTRAND 2014; RASMUSSEN et al. 2014). Because of the more
potent effect of inulin at lower levels compared to RPS, addition of inulin in practise
should be feasible. ALUWÉ et al. (2009) used low concentrations of ingredients so that they
would be commercially feasible. However, the low supplementations failed to reduce boar taint
to a level below the level of boars fed with a control diet.
The dietary addition of 0.5 % zeolite mineral corresponding with 0.45 % clinoptilolite reduced
skatole levels in adipose tissue (BALTIC et al. 1997) as well as the supplementation of 4.1 % to
12.2 % fructan-rich Jerusalem artichokes or topinambur one week prior to slaughter that
reduced skatole concentrations in fat (0.055 ppm to 0.010 ppm, respectively) (FARNWORTH et
al. 1995; VHILE et al. 2011). These ingredients need to be further investigated.
There are diverging results about readily digestible raw fibre containing NSP or pectin which
decreased skatole levels by changing fermentation or inducing CYP 2E1 expression. This
reducing effect was observed by using 10 % to 20 % sugar beet pulp as well as 10 % coconut
cake or palm cake to the diet of castrates and entire male pigs (JENSEN et al. 1995a; JENSEN
and JENSEN 1998; JENSEN 2006; WHITTINGTON et al. 2004). Diets with high levels of
dietary fibre, originating from sugar beet pulp, wheat bran or soybean hulls, did not influence
contents of skatole and indole in back fat and boar taint scores in entire male pigs (VAN
OECKEL et al. 1998). Using 10 % to 40 % sugar beet pulp failed to affect skatole and indole
concentrations in fat of entire male pigs (HAWE et al. 1992; JENSEN et al. 1997a; ØVERLAND
et al. 1995; VAN OECKEL et al. 1998). In addition, the pigs’ acceptance of sugar beet pulp was
less (HEID et al. 2011).
The influence of raw protein on the skatole level was investigated. An amount of 12 % soy and
approximately 18.50 % to 20.99 % protein content scored the best results in lowering skatole in
back fat (LIN et al. 1992; LUNDSTRÖM and MALMFORS 1993; LUNDSTRÖM et al. 1994)
whereas a rise to 23.5 % soy bean meal and 21.5 % crude protein content increased boar taint
in belly fat (ALLEN et al. 1997). Likewise, the addition of casein as a protein source decreased
the fat skatole level (JENSEN et al. 1995a; JENSEN and JENSEN 1998).
Against this, brewers yeast slurry, a purine source, increased skatole levels in back fat
(JENSEN et al. 1995a; JENSEN and JENSEN 1998) just as yellow peas did being less
digestible (LUNDSTRÖM and MALMFORS 1993; LUNDSTRÖM et al. 1994).
Feeding wheat bran or barley based diet was ineffective in decreasing skatole concentration.
Indeed, there was a lowering of skatole concentration in plasma (CHEN 2007) and in the indole
level of the colon and fat tissue by feeding 67 % barley (PAULY et al. 2009c; 2011), but HAB
was not efficient in reducing skatole overall (CHEN 2007; PAULY et al. 2009c). In addition, the
ingredient gramine was noticed to raise skatole production (JENSEN et al. 1995b). Feeding
5-30 % wheat did not reduce skatole levels either (ALUWÉ et al. 2009; VAN OECKEL et al.
1998).
However, adding 25 % lupine to the feed for 14 days or the whole fattening period significantly
decreased skatole levels in plasma and back fat of boars (HANSEN et al. 2008; CLAUDIMAGNUSSEN and HANSEN 2005). The results were different when feeding only 10 % lupines.
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The results by JENSEN et al. (1997a) showed a skatole reduction feeding lupines for 14 days
whereas findings by ALUWÉ et al. (2009) did not yield a reduction in boar taint perception
adding 10 % lupine to the diet for four to six weeks. Supplementation of 1-6 % linseed
significantly lowered skatole in back fat of gilts (KOUBA et al. 2003; MATTHEWS et al. 2000a),
but they failed to investigate this effect in entire male pigs.
The fat skatole level was decreased by 40.2 % when feeding bicarbonate for one week (CLAUS
et al. 1994) while the androstenone level in fat tissue was reduced by using 1.0 % formic acid in
the diet (ØVERLAND et al. 2008). Using the ammonia binding quality of De-Odorase in Yucca
extract in a pig’s diet (120 g De-Odorase/t feed), the skatole levels were successfully lowered
by 33 % and the boar taint sensation in pigs with 95 kg live weight was lowered as well (KUHN
et al. 1993). Fat androstenone can be altered by feeding boars with 5 % activated carbon or
5 % Tween-60, a polyoxyethylene sorbitan monostearate for 28 or 42 days, respectively.
Tween-60 reduced the skatole level in fat, too (JEN and SQUIRES 2011). A negative impact on
the growth rate and feed conversion was only noticed when feeding lupines (HANSEN et al.
2008) whereas a linseed diet and a diet with 5 % activated carbon or 5 % Tween-60 had no
effect on growth rate or carcass characteristics (JEN and SQUIRES 2011; KOUBA et al. 2003).
For the use in practise, definite diet strategies and feeding recommendations to control
boar taint are lacking and need to be developed. Feeding 20-30 % RPS or 4-14 % inulin in
the weeks prior to slaughter seemed to be the best and in practise feasible method to
control boar taint. The finding that feed stuffs could change genetic metabolism opens up new
dimensions of controlling boar taint.
3.2.2

Housing

On looking through the review of scientific literature on the topic of boar taint, husbandry is
frequently noticed to decrease boar taint compounds beside other management strategies like
feeding. But at a closer look, the results are inconsistent and it seems that housing conditions
have only a moderate effect on entire male pigs.
The comparison of the effects on boar taint due to husbandry and management is difficult since
methods of trials differ considerably. For statistically reliable results additional synchronised
investigations have to be performed.
Good hygienic conditions in housing management of boars are put forward frequently to reduce
skatole and boar taint sensation (ALLEN et al. 1997; KJELDESN 1993). The production
environments of pigs (floor space, floor quality, feeder space, substrate for bedding, pen layout) have only been investigated slightly with regard to altering boar taint levels (EFSA 2004a).
Fully slatted floors contributed to the cleanness of pigs, but this floor type is not conducive to pig
welfare. Therefore, the EFSA (2004a; 2004b) determined that the pen floors have to be kept
clean or well drained. In addition, pigs should be offered other possibilities for thermoregulations
than wallowing in faeces, for example pig showers being applied in Denmark (EFSA 2004a).
Other alternatives for keeping pigs clean are management efforts, like mucking out the dung
and deep litter. However, ALUWÉ et al. (2011b) found no evidence that improved cleanliness of
pigs affects levels of skatole, indole or androstenone or the perception of pork from boars by an
expert panel.
An enriched environment with straw bedding and an out-door run area only reduces skin lesions
(PRUNIER et al. 2010), and an open-front pen even increases plasma androstenone levels
(CLAUS and ALSING 1976). However, the enriched housing of pigs does not seem to influence
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boar taint (OLIVER 2009; EFSA 2011). If 1.2 m2 spaces are provided to dirty pigs, they get
clean and skatole and indole levels decrease within one week prior to slaughter. But, if more
space is provided for pigs, there are no differences in boar taint compounds (PAULY et al.
2009a). However, practical experience of growing boars in organic farming shows that it is
advantageous to have pens with three zones, one area for excrements and two areas for lying
down, a dry one and one with bedding straw in order to avoid boar taint (HEID et al. 2011).
When investigating periods of light and season, there are controversial results, and
concentrations of androstenone might be more influenced than skatole levels.
On the one hand, maximum concentrations of androstenone in plasma and fat and skatole in fat
are found under decreasing light conditions in autumn and winter period or under artificial light
programs simulating the dark photoperiod (CLAUS 1983; CLAUS et al. 1985a, 1985b;
FALKENBERG and BLÖDOW 1981; KELLER et al. 1997). This would be analogous to the
natural mating season of wild boars. On the other hand, PATTERSON (1982) surprised with his
findings of low androstenone values in boars in the natural mating season with decreasing
length of daylight. These results of low concentrations of skatole, but especially of
androstenone, in autumn were supported by several authors (ANDERSSON et al. 1998a;
FREDRIKSEN et al. 2006b; PAULY et al. 2009e; PAULY and BEE 2007).
Artificial light programs affected androstenone and skatole concentrations in entire male pigs
(ANDERSSON et al. 1998a; CLAUS et al. 1985a; 1985b). However, the effect of photoperiod on
boar taint is minor. Artificial light programs are difficult to implement in practise, because there is
a lack of knowledge about duration and limits of the photoperiod (EFSA 2004a; 2004b). Under
commercial conditions, though the differences between the summer and winter seasons seem
to be slight (WALSTRA et al. 1999). The artificial light program is not recommended as a
successful tool to control boar taint compounds by FREDRIKSEN et al. (2006a), because an
increasing day length induces higher amounts of androstenone in back fat and a decreasing
day length impairs animal welfare as aggression and injuries rise. In organic farming, artificial
light programs are ineligible (HEID et al. 2011).
The rearing of sexually mature (100 kg) entire males in groups in which aggression and
mounting behaviour are existent would stimulate the incurrence of boar taint. The effect does
not seem to be related to the presence of female pigs (EFSA 2004a). Investigations about
rearing boars in mixed-sex or single-sex groups yielded inconsistent results (EFSA 2004a;
2004b).
Earlier studies on sex composition of pig groups suggest that the rearing of pigs in mixed sex
groups leads to boar taint problems and higher levels of androstenone (ANDRESEN 1976;
BONNEAU and DESMOULIN 1980; CLAUS and ALSING 1976; LERCHE 1936; PIGCAS 2008;
PIATKOWSKI and JUNG 1967) but only at slaughter weights of over 100 kg (LIGHTFOOT
1979; PATTERSON and LIGHTFOOT 1984; PIGCAS 2008). However, ZAMARATSKAIA (2004)
observes this effect only in 90 kg pigs. The problem of boar taint seems to be reduced by
keeping boars individually without visual, auditory and olfactory contact to mature female pigs
(NARENDRAN et al. 1982).
This is contradicted by PATTERSON (1982), who called attention to lower fat androstenone
levels in boars raised in mixed groups with female pigs. Several authors (ALLEN et al. 1997;
ANDERSSON et al. 2005; FÀBREGA et al. 2011; RYDHMER et al. 2006) find no difference in
boar taint compounds of animals kept in mixed or single sex groups.

148

Discussion
Aggression and mounting behaviour was assumed to increase androstenone. Because of less
aggression at feeding and lower frequency of mounting being observed in mixed sex groups, it
was recommended to keep boars together with female pigs (BJÖRKLUND and BOYLE 2006;
BOYLE and BJÖRKLUND 2007; CONTE et al. 2010). Therefore, the presence of female pigs
could not clearly be associated with higher boar taint levels in entire male pigs. Interestingly, it is
common practise that boars are penned together with female pigs in Spain (main slaughter
weight: 90-120 kg) and Great Britain (main slaughter weight: 70-77 kg) without limitations
(STOLL 2002).
A dominant status of the pig seems to be associated with boar taint (ZAMARATSKAIA et al.
2005b) and levels of androstenone and skatole are correlated to puberty (JONSSON 1985;
JONSSON and JØRGENSEN 1989; PIGCAS 2008; ZAMARATSKAIA 2004). This becomes
clear as soon as social rank is disturbed by removing dominant boars. In split marketing
management, a new hierarchy in dominance has to be constituted that results in more violent
aggression and skin lesions (BOYLE and BJÖRKLUND 2007; FREDRIKSEN and HEXEBERG
2009; RYDHMER et al. 2006). This, in turn, is supposed to lead to higher boar taint levels. The
effect might depend on space per pig, access to feed and number of remaining animals
(CONTE et al. 2012), because several authors find no influence of split marketing on boar taint
levels (CONTE et al. 2012; FÀBREGA et al. 2011; OLIVER 2009).
It could not be clarified if the impact of the pheromone androstenone affects the endocrine
status of other boars (ANDRESEN 1976; GIERSING et al. 2000).
“Farrow-to-finish” or “birth-to-slaughter” systems with no regrouping of pigs minimise aggression
and fighting, and it is shown that levels of boar taint compounds remain at low levels; the
percentage of carcasses sorted out was decreased as well (ALDAL et al. 2005; EFSA 2004a;
FREDRIKSEN et al. 2006b; 2008; GIERSING et al. 2006). However, a conversion from the
conventional system to the “farrow-to-finish” management requires high, costly effort
(FREDRIKSEN et al. 2008) and does not solve the problem of boar taint on its own. To
investigate birth-to-slaughter systems (farrow-to-finish) more research is necessary, because it
tends to be important that litters are penned together throughout the rearing period even though
genders are mixed (PIGCAS 2008). The birth-to-slaughter systems seem to have potential
to reduce boar taint perception. In addition, transport time and time spend on vehicle before
slaughter should be as low as possible in order to avoid boar taint (WESOLY et al. 2015).

3.3 Application of drugs
Using antibiotics and hormones in fattening periods of pigs is not being implemented in
practise. Antibiotics as growth stimulators have been a factor of great dispute in the last two
decades (BUNDESMINISTERIUM FÜR GESUNDHEIT et al. 2011) and at present in Germany
and are prohibited or at least limited in countries of the EU (ZAMARATSKAIA 2004; VALEEVA
et al. 2009).
In the DIRECTIVE 96/22/EC (OJ L 125, 23.5.1996) of the EU, the use of hormones in animal
production was limited and prohibited. Therefore, hormonal castration would only be of
academic interest (WALSTRA and MOERMANN 1981; VOSS and HOLTZ 1981). However,
the current discussion about the Transatlantic Trade and Investment Partnership reveal the
use of hormones in a new light.
The problems of residues of the hormones mentioned in chapter 2.5.2 are now explained in
detail: the residues of 19-NTA, STS 547, Norgestrel and CPA/CMA were detected by KAISER
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(1978) using a radionuclide tracer technique and it was constituted that the treated pork was
unfit for human consumption. Up to now, there were no promising results of trials based on
these principles because of residues.
The effect of DES was described in chapter 2.5.2.2 and it seems that it is a potent substance to
reduce boar taint. However, HERBST et al. (1971) revealed an unusual occurrence of
adenocarcinoma of the vagina in 14-22 years old women between the years 1966 and 1969 in
the New England area of the US. Years before, their mothers received a DES administration
because of high-risk pregnancy, during the first trimester of pregnancy. After the number of
known cases raised to 27, the American FDA listed the DES and closely related congeners as
contraindicated drugs in pregnancy (FDA 1972).
In Germany in 1974, implanting or injecting of substances with estrogenic or thyreostatic effects
for changing meat quality was prohibited by law on food, § 4b Nr. 2 (GLÄSKER 1974).
Today, Article 2 of DIRECTIVE 96/22/EC (OJ L 125, 23.5.1996) prohibits, inter alia, the placing
on the market of stilbenes, stilbene derivatives, their salts and esters and thyrostatic substances
for administering to animals of all species.
Up to now, hormonal castration is possible, but is not realistic in practise, because the use of
anabolic hormones in animal production is banned in the European Union (BONNEAU and
PRUNIER 2005; ENDER et al. 1987; PRUNIER et al. 2006; WALSTRA and MOERMANN 1981;
VOSS and HOLTZ 1981; ZAMARATSKAIA 2004). A treatment with hormones could not be
recommended, because there were animals who did not respond to anabolic substances and
residues exceeded the permitted tolerance limits (BUCHER 2005; DAXENBERGER et al.
2001). However, in the pig industry, there is a clear potential for misuse of anabolic preparations
designed for cattle (Synovex-H®, Synovex-Plus® ) in order to reduce boar taint by concurrent
higher food conversion and weight gain (DAXENBERGER et al. 2001). In the Directive
96/22/EC (EU 1996), the use of hormones in animal production was limited and prohibited and
this method was abandoned (BUCHER 2005). Therefore, hormonal castration is only for
academic interest, at the moment (WALSTRA and MOERMANN 1981; VOSS and HOLTZ
1981).
However, new considerations were put forth for the use of Resveratrol in boar fattening
changing pigs’ pre-adipocytes (BAI et al. 2007) and being potent enough to decrease boar taint.
Resveratrol is a secondary ingredient of plants existing in red grapes (vitis vinifera), red wine
(Merlot) and Japanese knotweed (Fallopia japonica/Itadori). The structure of trans-Resveratrol
is similar to DES together with its estrogenic effect (STIEL 2012).
According to CHRISTIAN and TURK (1957), oral application of 50 mg stilbestrol was needed for
decreasing boar taint sensation to levels achieved in castrated male pigs. The concentrations of
Resveratrol in the Itadori root and red wine were slight at 1653 ppm and 5-7 ppm, respectively
(STIEL 2012). Nevertheless, Article 2 of DIRECTIVE 96/22/EC (OJ L 125, 23.5.1996) prohibits
the availability of stilbenes, stilbene derivatives, their salts and esters and thyrostatic
substances for administration to animals of all species. Therefore, the application of Resveratrol
was doubtful due to the fear of des-like results.
Inhibitors for metabolism pathways were still under research and no exact economic or practical
recommendations exist for pig production.
The most efficient, welfare friendly and in practise feasible methods of late castration of
boars is the immunocastration, especially against GnRH with the vaccine Improvac®.
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Many investigations confirmed the successful administration of this vaccine reducing
concentrations of boar taint compounds as well as boar taint sensation to low or non-detectable
values (ANDERSSON et al. 2012; BRUNIUS et al. 2011; CLAUS et al. 2007; DUNSHEA et al.
2001; EINARSSON et al. 2011; Fuchs 2009; GALLIKER 2008; GISPERT et al. 2010;
HENNESSY et al. 1997a; HENNESSY 2009; HÜGEL 2010, 2011; JAROS et al. 2005; METZ et
al. 2002; OONK et al. 1995; ŠKRLEP et al. 2012; SPRING et al. 2009; SQUIRES and
BONNEAU 2004; THUN et al. 2003; ZAMARATSKAIA et al. 2008b).
The Immunocastration would result in an economical disadvantage of 6.50 Euro per fattening
place and year compared to surgical castration without anaesthesia (STEINMANN et al. 2012).
In contrast, in the study by SCHMOLL et al. (2010) Improvac® immunised pigs achieved higher
economic revenues by more than 12 Euro per carcass, because of a higher percentage of lean
meat, carcass mass and a better utilisation of feed.
However, because of a refusal of the wholesale trades “Migros” and “Coop” causing higher fees
for slaughter and deductions for vaccinated pigs, a lot of Swiss pig producers gave up the
method of immunocastration (SIDLER 2010), and the cardinal question remains the unknown
response of consumers with regard to immunocastration, especially in Germany.

3.4 Processing of boar meat
An objective comparison of results in processed boar meat is not possible in many parts,
because breeds, ages or weights as well as concentrations of boar taint compounds were not
mentioned, or when mentioned, methodologies and methods of approach between the studies
varied considerably. In many cases it is not mentioned, if sensory panellists were sensitive for
androstenone or skatole.
In general, meat from entire male pigs is suited for the manufacture of meat products with
some restraints or changing recipes. There are no clear indications that tainted boar meat
was perceived better by androstenone sensitive persons (RUDOLPH and GESSEL 2012).
Probably, the processing of boar meat is practicable in industrially processed foods like
sausages and cooked and cured meat products (HECK 2012; HEID et al. 2011) with skatole
levels up to 0.4 ppm and 0.75 ppm for raw material and cooked ham, respectively (BONNEAU
et al. 1992b; LUNDE et al. 2008a). Androstenone content should be lower than 1.5 ppm for
cooked ham (BONNEAU et al. 1992b), and strongly tainted carcasses must be rejected (HECK
2010).
The process of hanging and maturing carcasses does not seem to be successful in reducing
boar taint sensation (HEYDT 1936; JUNAK 1933; MAY 1912; OTTO et al. 1980).
There was no objection when tainted boar meat was diluted with other pork up to 5 % so that
dilution could be applied (GARCIA ZEPEDA et al. 1993). At cold consumption, a dilution of fat
and meat with strong odour up to 25 % is possible, but the percentage decreases to 6 -12 % at
warm consumption (MOERMAN and WALSTRA 1978; WALSTRA 1974). The definite limit of
dilution is achieved at 75 % for pork with strong boar odour (PLIMPTON et al. 1976). However,
there is a lack of androstenone and skatole levels determined by chemical analysis in
processed boar meat in order to evaluate objectively the boar taint sensation in meat products.
Frequently, androstenone is still detectable by an expert panel in the studies even when mixing
meat with low boar taint sensation together with untainted pork (MÜLLER 2010).
The heating procedure volatilizes the two main boar taint compounds differently, but the levels
of androstenone and skatole in tissue decrease if they can escape. On the other hand, they are
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noticeable when products are consumed in warm condition (CRAIG et al. 1962). Androstenone
and skatole are nearly lost if volatilization is possible in products being heated, like in an open
pot/vessel or a casing permeable to water vapour (KLETTNER and KÜHNE 1995; STÖCKLI
2005).
Products being prepared at low heat like scalded and liver sausages and raw sausages and raw
cured products being consumed in cold condition yield the best results (DEHNHARD et al.
1995; PLIMPTON et al. 1976). Cooked and cured products as well as scalded and liver
sausages containing increased levels of androstenone were evaluated better by consumers
being insensitive to androstenone, because of a more intensive and aromatic meat aroma. In
contrast, androstenone sensitive persons rejected meat products including high androstenone
concentrations (MÜLLER 2010; MÜLLER et al. 2012).
Roasting and barbecue procedures induce a browning of meat. This procedure developed
aromatic components which satisfy consumer’s sensation (RHODES 1972; MÖRLEIN 2009)
while braising, broiling and moist cooking do not decrease boar taint sensation (GULLETT et al.
1993; MCCAULEY et al. 1997). Many authors recommend a consumption of products
containing boar tainted meat in cold condition (CLAUS 1978; DESMOULIN et al. 1982;
DIESTRÉ et al. 1990; HADORN 2006; HORST 1970; LUNDE et al. 2008a; MCCAULEY et al.
1997; PEARSON et al. 1971; SCHNÄCKEL et al. 2014; STÖCKLI 2005; TØRNGREN et al.
2011; WALSTRA 1974; WILLIAMS et al. 1963). However, an unforeseen heating like salami on
pizza as mentioned by CLAUS (1993) has to be prevented, for example by labelling products
containing boar meat.
The smoking process reduces the concentrations of androstenone and skatole, by 42.3 % and
58 %, respectively (CLAUS et al. 1985c; DEHNHARDT et al. 1995). Recent studies reveal a
more pronounced effect on the reduction of boar taint by liquid smoke procedure in
conjunction with a distinct masking effect of oregano extract (LINDAHL et al. 2007;
LUNDE et al. 2008a; 2013; SCHNÄCKEL et al. 2014). A further covering impact is attributed to
breed and cheese (LUNDE et al. 2008b). In contrast, garlic, white pepper and the acidification
of starter cultures cannot obscure boar taint perception (STOLZENBACH et al 2009). Liver
tissue has a strong inherent odour, which masks boar taint, and in addition the liver enzymes
decompose skatole. In contrast, the addition of fennel spice seems not to be practicable
because of a missing acceptance by consumers (PLIMPTON et al. 1976).
The curing process forms aromatic compounds which reduce boar taint by 43 %
(FLEISCHMANN 1937). A cross contamination by leaching of androstenone into the curing
brine can be excluded (MOTTRAM et al. 1982).
One of the best varieties of processed boar meat is cooked ham. In cooked ham skatole is
eliminated and androstenone content decreases by around 29.1-60 % (DEHNHARD et al.
1995). Tainted meat from boars could be processed without changing recipes in
Frankfurter and raw sausages (RUDOLPH and GESSEL 2012).
In opposition, in dry cured ham androstenone levels up to 0.5 ppm are detected at room
temperature, already (ARNAU et al. 1986). Bacon from boars achieves 90 % to 95 % consumer
satisfaction, but no complete elimination of boar taint (RHODES 1971; SMITH et al. 1983b). The
stronger aroma from boar bacon is associated with an appetising effect in some cases
(COWAN and JOSEPH et al. 1981; LESSER et al. 1977; WALSTRA 1979). However, other
investigations found no decrease of boar taint sensation after processing to bacon (KLETTNER
and KÜHNE 1995; MCCAULEY et al. 1997). In addition, salami, rillettes and other kinds of
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sausages achieve no clearance of boar taint (KLETTNER and KÜHNE 1995). However, edible
mould could mask aberrant odour and flavour by reducing the androstenone level during
maturing (MÜLLER 2010; MÜLLER et al. 2012).
At statistically verified levels of 0.7 ppm androstenone and 0.12 ppm skatole in fat, the
perception of boar taint compounds appeared in meat products like bacon, cooked ham, salami,
liver sausages and some scalded sausages (KLETTNER and KÜHNE 1995).
Of particular interest are new processing methods that have been investigated to a very small
extent only up to now, like freeze drying of boar meat, treatment with high pressure steam
distillation or injection of polyphosphate which all seem to have positive effects in decreasing
boar taint perception (CRAIG and PEARSON 1959; PEARSON et al. 1969; SHEARD et al.
1999). In contrast, the process of heating at high temperatures intensifies the sensation of boar
taint (STIEBING 2010). Other methods have not yet been considered with view to boar taint,
like pulsed electric field (PEF) processing being applied for food preservation by using a strong
electric field, or the application of ozone that is used for decontamination, disinfection and
purification. However, the operation process seemed to have less effect on the lowering of boar
taint (STIEBING 2014).
Further research is needed to find new processing methods for each product in order to
eliminate boar taint and reduce boar taint sensation, and beyond that, recipes for meat
products have to be adjusted to the use of boar meat (GESSL and GWENDOLYN 2010;
RUDOLPH and GESSL 2012).
The meat processing industry and the retail reject meat with boar odour. They feared drop in
sale, when the processed boar meat is of poor quality. However, several androstenone
insensitive consumers like the more intensive and aromatic meat aroma of boar meat with low
levels of boar taint compounds (MÜLLER 2010; MÜLLER et al. 2012). Perhaps, there is a
market to sale of boar meat for these consumers.
Practical methods for online detection of boar taint at the slaughter line have to be established
and precise thresholds for fresh meat as well as for meat products have to be identified.
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4 Conclusion
Boar taint and castration of entire male pigs is a problem being known for quite some time and
there were different approaches to solve the problem. This work aims to contrast approaches
from the large number of new and elder literature for reducing or eliminating boar taint, to
assess the effectiveness of these methods to avoid boar taint. For the first time, these findings
are presented in such a concentrated form.
Animal welfare is an important criterion in the evaluation for castration with anaesthesia and for
the fattening of boars by German consumers. However, in the decision for boar fattening the
more important factor is the odour and taste of meat. With view on immunocastration, food
safety plays an important role in the consumers’ willingness-to-pay for this meat.
For Germany, the most promising approaches to avoid boar taint in pork are the
immunocastration with Improvac® and the fattening of boars.
The fattening of entire male pigs is preferred together with an improved feeding and housing
management and the use of breeding lines developing less boar taint.
However, only if sales are secured and framework conditions are investigated sufficiently the
German agriculture sector will be prepared for boar fattening (FREISFELD 2010).

4.1 Breed and genetics
• The new created breeding boars: “Premo”, “Inodorus”, “Nandor” and “db.7711”
successfully passed on breeding qualities of less boar taint.
• The influence of a selection for reduced boar taint on the sexual maturation and a possible
delay has still not been clarified.
• The fact that genetic markers for every breed and line must be found makes the approach
of genetic control of boar taint more expensive and more time-consuming than expected.
• SSC 3, 4, 6, 7, 12 and 14 were of interest for QTL of androstenone, while QTL for skatole
on SSC 6, 13 and 14 have to be considered.
• AKR 1C4, CYB 5A, CYP 2E1, CYP 11A1, CYP 17A1, DHR S4, FTL, HSD 17B4, STAR,
SULT 2A1 and SULT 2B1 were candidate genes for androstenone and skatole confirmed
in several studies. These genes are tagged for a genetically modification.
• Because of a general rejection of genetically modified food in Germany, it could be
reasonably assumed that genetically modified pigs will not be accepted, which would
negate this method of boar taint reduction if the consumers won’t buy it.
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4.2 Fattening of boars
4.2.1

Feeding

• The supplementation of RPS and FOS are the most efficient feedstuffs.
• The addition of 20 % to 30 % RPS to the diet one or two weeks prior to slaughter is
feasible under practical conditions and result in skatole reduction in carcasses.
• The supplementation of 25 % dried or crude chicory root that corresponds to 14 % purified
inulin for one week or feeding 6 % to 9 % chicory corresponding to 4.2 % to 6.3 % pure
inulin during the last 30 to 14 days prior to slaughter, effectively decrease fat skatole in
boars. Inulin seems to be more potent at lower levels than RPS.
• Skatole levels drop when adding 25 % lupine to the diet for 14 days or the whole fattening
period.
• Besides the numerous, and in large part successful, methods for lowering skatole, a
promising attempt is the use of 5 % activated carbon or 5 % Tween-60, a polyoxyethylene
sorbitan monostearate, which decreased androstenone concentrations probably by
undergoing enterohepatic circulation.
• The often cited method of wet feeding to reduce skatole could not be confirmed by recent
studies.
• The withholding of feed prior to slaughter decreased skatole levels but, in return,
increased androstenone concentrations and did not influence palatability of loins or
consumer acceptance traits.
• However, up to now definite feeding strategies to control boar taint in practise are lacking
and need to be developed.
• The revelations that food ingredients could change the fermentation pattern and genetic
transcription and translation of metabolic formation in skatole, and to a certain extent in
androstenone, have opened up new ways and approaches in the control of boar taint.
This objective needs to be further investigated.
4.2.2

Housing

• Housing conditions seem to have only a moderate effect on male pigs.
• The often noticed effect of cleanliness of pigs to reduce boar taint is contradicted by
concretely determined laboratory findings.
• An enriched environment yields different results in reducing boar taint, but is supported by
the practical experience of organic farming.
• Artificial light regimes are deemed to be ineligible due to inconsistent results and the lack
of exact information regarding duration and length of photoperiod as well as negative
impact on animal welfare.
• There are no coherent outcomes in terms of “split marketing” and in the case of keeping
boars in mixed or single sex groups. Interestingly, it is common practise in some countries
of the EU that boars are penned together with female pigs without any limitations.
• The “birth-to-slaughter” systems seem to have potential to reduce boar taint perception
and need to be further investigated.
• Lower transport and pre-loading time on the vehicle at the abattoir reduced boar taint.
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4.3 Application of drugs
• The most efficient, in practise feasible methods of late castration of boars is the
immunocastration especially against GnRH with the vaccine Improvac®.
• In addition, this vaccination is one of the friendliest methods to welfare.
• However, it is not yet clear if the costs of vaccination in the fattening period will be
covered by the revenue of slaughter prices (SCHMOLL et al. 2010; STEINMANN et al.
2012) and will be depend on the positive demand of trade and consumers for meat from
immunocastrated boars.
• The cardinal question remains the unknown response of consumers with regard to
immunocastration.
• The use of Resveratrol in boar fattening in order to decrease boar taint has to be refused,
since the structure of trans-Resveratrol is similar to DES. The use of DES is prohibited in
animal production, because of the risk of cancer.

4.4 Processing of boar meat
• One of the best processing methods to decrease levels of androstenone and skatole is
the heating process of the products, if volatilization is possible, like in an open pot or
vessel or a casing that is permeable to water vapour.
• In the same way, processing of boar meat products at low heat and cold consumption
reached good results, like scalded and liver sausages and raw sausages and raw cured
products.
• Tainted meat was even evaluated better by androstenone insensitive consumers because
of a more intensive and pleasant meat aroma.
• The liquid smoke procedure, in conjunction with oregano extract, had a distinct masking
effect of boar taint.
• Cooked ham is one of the best varieties of processed boar meat with skatole elimination
and a decreasing of androstenone by 29.1 % to 60 %.
• Aberrant odour and flavour was masked by edible mould and reduced androstenone
levels during maturing.
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Introduction:
In the legislative amendment of Animal Welfare Act § 5 (3) number 1a, it is repealed with the
consequence that painful operations are realised only with anaesthesia in future. Up to that
point, piglets with one week of age were castrated with less or without pain relief in Germany.
An alternative could be the fattening of boars, but, in sexually mature entire male pigs, there is
the risk of boar taint development that could result in a consumer rejection of pork.
The main components, androstenone, skatole and indole (PATTERSON 1968, VOLD 1970),
have been investigated in many cases, but other substances were described as well affecting
boar taint levels (XUE and DIAL 1997). The boar pheromone androstenone (5α-androst-16-en3-one) belongs to the testicular steroid hormone family (PATTERSON 1968) and is in
correlation to hormone synthesis and sexual maturity (CLAUS 1975). Skatole (3-methyl-indole)
is a product of L-Tryptophan, an amino acid. Its metabolism in the large intestine depends on
the availability of Tryptophan and the activity of bacteria and enzymes (ZAMARATSKAIA 2004).
The definition, at which point boar taint can be perceived in pork, is difficult. The olfactory and
gustatory perception varies strongly between individuals; however, the most investigations used
human testing panels for detecting boar taint. Especially in older studies, no reference levels of
androstenone, skatole or indole were chemically determined in the tested pork. The impact of
other compounds like androstenol, phenylbutenone, ketone, phenolic compounds, aldehydes,
short chain fatty acids and other steroids is assumed but uncertain.
In addition many studies could not be compared directly, because of differences in
methodologies.
The aim of the investigation:
The new legislative situation raises once again the question which alternatives exist in order to
avoid boar taint exist. The aim of this doctoral thesis was to contrast approaches from the large
number of new and elder literatures with the subjects of reducing and eliminating boar taint and
to assess the effectiveness of these methods to avoid boar taint. For the first time, these
findings were presented in a summarised and concentrated form.
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Material and methods:
After reviewing 857 titles out of the year 1911 up to 2015, 664 sources of literature were chosen
and investigated including 23 university theses, 132 contributions to meetings and events, 45
internet documents, 450 essays from journals and 14 literatures of other sources. The studies
from all fields of pig breeding, housing and feeding, application of drugs, meat processing and
the answer of consumers give a comprehensive understanding on the term of boar taint and the
alternatives of piglet castration.
Results:
There are pig breeding lines showing fewer tendencies for developing boar taint, and the high
heritability for boar taint compounds (androstenone and skatole) promised sufficient results. On
the chromosomal level, many breed specific loci and markers for boar taint traits were found,
and the possibility of selection on the chromosomal level has come closer.
Some compositions of diet and additives in feeding, like raw potato starch and
fructooligosaccarides, are promising to change fermentation or even gene expression of
metabolising enzymes. Changes in husbandry seem to have only less effect on boar taint
levels. An exception seems to be the use of the “birth-to-slaughter” system where animals are
kept together from birth to slaughter.
In using drugs, the vaccination against GnRH has established itself. The vaccine Improvac®
induced a successful immunocastration.
Because perceptions of boar taint and especially of androstenone vary considerably between
consumers it is difficult to establish special processing methods or to expose meat products
being free of or reduced in boar taint sensation. However, the processing of boar meat with
liquid smoke and the product cooked ham showed the best results in lowering boar taint
sensation.
Conclusion:
There is no single strategy against boar taint being exposed after this work. There are some
approaches possible: the immunocastration that gained acceptance in Australia and Belgium is
an animal welfare friendly and in practice feasibly method. But it needs an inspection for boar
taint at the slaughter line. The fattening of young boars, supported by Switzerland, could be
improved by an optimised housing and feeding strategy, as well as the use of breeding lines for
low boar taint.
The processing of boar meat to premium products is possible. However, the amount of tainted
boar meat coming into processing is still not clarified.
It remains to be seen, how Germany will solve the problem of piglet castration.
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6 Zusammenfassung
Diana Engesser
Alternativen der Reduzierung und Eliminierung von Ebergeruch neben der chirurgischen
Kastration und der Zerstörung von Hodengewebe
Institut für Lebensmittelhygiene / Veterinärmedizinische Fakultät Universität Leipzig
160 Seiten, 2 Abbildungen, 39 Tabellen, 664 Literaturangaben
Schlüsselwörter: Ebergeruch, Schweinerassen, Ebermast, Hormone, Verarbeitung von
Schweinefleisch

Einleitung:
In der Novelle des Tierschutzgesetzes § 5(3) wird Artikel 1a aufgehoben, so dass schmerzhafte
Operationen in Zukunft nur noch unter Anästhesie durchgeführt werden dürfen. In Deutschland
wurden Ferkel bisher in der ersten Lebenswoche ohne oder ungenügender
Schmerzausschaltung kastriert. Eine Alternative könnte das Mästen von Ebern darstellen, aber
in geschlechtsreifen intakten männlichen Schweinen besteht die Gefahr der
Ebergeruchsentwicklung, was zur Ablehnung durch die Verbraucher führen könnte.
Als Hauptkomponenten wurden, Androstenon, Skatol und Indol (PATTERSON 1968, VOLD
1970) vielfach untersucht, aber auch andere Substanzen, die die Konzentration an Ebergeruch
beeinflussen, wurden beschrieben (XUE and DIAL 1997). Das Pheromon Androstenon
(5α-androst-16-en-3-one) gehört zur testikulären Steroidhormon Familie (PATTERSON 1968)
und steht in Korrelation zur Hormonsynthese und der sexuellen Reife (CLAUS 1975). Skatol
(3-methyl-indol) ist ein Produkt aus Tryptophan. Sein Metabolismus im Dickdarm hängt von der
Verfügbarkeit von Tryptophan und der Aktivität der Bakterien und der Enzyme ab
(ZAMARATSKAIA 2004).
Die Definition ab wann Ebergeruch im Schweinefleisch wahrnehmbar ist, gestaltet sich
schwierig. Die geruchliche und geschmackliche Wahrnehmung variiert stark zwischen den
Personen, jedoch werden in den meisten Untersuchungen menschliche Tester zur
Geruchserkennung eingesetzt. Besonders in älteren Studien wurden im getesteten
Schweinefleisch keine Referenzgehalte von Androstenon, Skatol oder Indol gemessen. Die
Auswirkung anderer Komponenten wie Androstenol, Phenylbutenon, Ketone, phenolische
Komponenten, Aldehyde, kurzkettige Fettsäuren und andere Steroide ist unklar.
Außerdem können viele Studien auf Grund unterschiedlicher Methodiken nicht direkt
miteinander verglichen werden.
Ziel der Untersuchung:
Die neue gesetzliche Situation wirft erneut die Frage auf, welche Alternativen zur Vermeidung
von Ebergeruch bestehen. Ziel dieser Dissertation war es daher, in einer Vielzahl an Literatur,
neueren und älteren Ursprungs, Ansätze zur Reduzierung oder zur Eliminierung von
Ebergeruch gegenüber zu stellen und die Wirksamkeit dieser Methoden zu beurteilen. Zum
ersten Mal werden diese Ergebnisse in einer zusammengefassten und konzentrierten Form
wiedergegeben.
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Material und Methoden:
Aus der Sichtung von 857 Titeln aus den Jahren 1911 bis 2015, wurden 664 Literaturquellen
heran gezogen und studiert, darunter: 23 Hochschulschriften, 132 Beiträge aus Tagungen und
Veranstaltungen, 45 Internetdokumente, 450 Aufsätze aus Fachzeitschriften und 14 Schriften
aus anderen Quellen. Die Studien aus allen Bereichen der Schweinezucht, Haltung und
Fütterung, Medikamentenapplikation, Fleischverarbeitung und der Konsumentenantwort
zeichneten ein umfassendes Bild zum Thema Ebergeruch und den Alternativen zur
Ferkelkastration.
Ergebnisse:
Es gibt Zuchtlinien, die eine Tendenz zeigen, weniger Ebergeruch zu entwickeln und die hohe
Erblichkeit der Ebergeruchskomponenten (Androstenon und Skatol) verspricht erfolgreiche
Ergebnisse. Auf chromosomaler Ebene wurden diverse rassespezifische Orte und Marker für
Ebergeruch gefunden, welches die Möglichkeit einer chromosomalen Selektion näher rückt
lässt.
Einige Zusammensetzungen der Diät und Zusätze in der Fütterung, wie rohe Kartoffelstärke
und Fructooligosaccaride, sind viel versprechend und ändern die Fermentation oder sogar die
Gen-Expression der metabolisierenden Enzyme. Änderungen in der Haltung scheinen nur einen
geringen Effekt auf die Bildung des Ebergeruchs zu haben. Eine Ausnahme scheint jedoch die
Nutzung des „birth-to-slaughter“ Systems zu sein, in dem die Tiere von der Geburt bis zur
Schlachtung zusammen gehalten werden.
Bei der Verwendung von Medikamenten hat sich die Impfung gegen GnRH etabliert. Die
Vaccine Improvac® führt zu einer erfolgreichen Immmunokastration.
Da die Wahrnehmung von Ebergeruch und vor allem von Androstenon beträchtlich zwischen
den Verbrauchern variiert, ist es schwierig spezielle Verarbeitungsmethoden zu etablieren oder
ebergeruchsarme oder –freie Fleischprodukte herzustellen. Jedoch zeigte die Anwendung von
Flüssigrauch bei Eberfleisch bzw. die Herstellung von Kochschinken die besten Ergebnisse.
Schlussfolgerung:
Eine einzelne Strategie gegen den Ebergeruch hat sich nicht heraus kristallisiert. Mehrere
Ansätze sind möglich: die Immunocastration, die sich in Australien und Belgien durchgesetzt
hat, ist tierschutzfreundlich und praktikabel, benötigt aber eine Ebergeruchs-Kontrolle am
Schlachtband. Die Jungebermast, wie sie die Schweiz befürwortet, kann mit entsprechender
Haltung und Fütterung, sowie ausgewählte Zuchttieren verbessert werden.
Die Verarbeitung von Eberfleisch zu hochwertigen Produkten ist möglich, es stellt sich aber die
Frage, welche Mengen an stark geruchsbelastetem Fleisch in die Verarbeitung gelangt.
Es bleibt anzuwarten, welchen Weg Deutschland gehen wird, um das Problem des
Ebergeruchs zu lösen.
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7 Annexe
1 Feed Units/pigs: Fup = 7.72 MJ; Fup: Scandinavian Feed units for pigs; 1 Fup = 7.38 MJ NE.

Table 25: Details of basic feed and husbandry

Author

ALDAL et al. (2005)

ALLEN et al. (1997)

ALUWÉ et al. (2009)

Energy
(MJ/kg)

N.c.

13.8 DE

9.0-9.2 DE

Crude
protein (%)

Basic feeding

Race

Husbandry

N.c.

Restrictive, partially liquid
feed

Noroc (Landrace x
Yorkshire)

4 different conditions
(mixed group, birth-toslaughter)

19.7-21.5

Wheat, soybean meal,
barley, maize, rapeseed

Commercial meat-line
sire, out of first-cross
(Large White x
Landrace) sows

Single or mixed sex groups;
20-22 °C

14.6-17.6

Barley, maize, soybean meal
wheat

Crossbred sows
(Piétrain x Rattlerow
Seghers)

Groups of boars and
barrows; fasting

Clean and dirty pigs; fasting

ALUWÉ et al. (2011b)

N.c.

N.c.

Ad libitum

Crossbred sows
(Piétrain x Rattlerow
Seghers)

ALUWÈ et al. (2013)

N.c.

14.6/14.3

Ad libitum

Hybrids x Piétrain

12/13 pigs per pen; fasting
24 h prior to slaughter

AMBROSEN (1993)

2.4-2.7 Fup =
17.7 -19.9 ME

N.c.

Ad libitum and restrictive
feeding

N.c.

N.c.
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Author

ANDERSSON et al. (1997)

ANDERSSON et al.
(1998a)
ANDERSSON et al.
(1998b)

ANDERSSON et al. (1999)

Energy
(MJ/kg)

12.4 DE

12.3 DE

12.3 DE

12.4 DE

Crude
protein (%)

Basic feeding

Race

Husbandry

13.8-14.1

Restricted wet and dry diet,
based on wheat, barley,
oats, rapeseed and soybean
meal

Swedish crossbreds
(Landrace, Yorkshire
and Hampshire)

Single and mixed sex
groups, different floor types,
fasting

16.8

Ad libitum; commercial
finisher diet

Swedish crossbreds
(Landrace, Yorkshire
and Hampshire)

Simulated photoperiod;
sibling groups;

16.8

Ad libitum; commercial
finisher diet

Swedish crossbreds
(Landrace, Yorkshire
and Hampshire)

Simulated photoperiod;
sibling groups;

13.8-14.1

Restricted wet and dry diet,
based on wheat, barley,
oats, rapeseed, soybean
meal

Swedish Landrace x
Swedish Yorkshire

Single and mixed sex
groups, different floor types,
fasting

Swedish Landrace x
Swedish Yorkshire

Single or mixed sex groups

ANDERSSON et al. (2005)

13.4 DE

15.1

Restricted feeding based on
barley, wheat, peas,
rapeseed, soybean meal, fat

ANDRESEN (1976)

2-2.5 Fup =
14.76-18.45
MJ NE

400 g

Ad libitum

Norwegian Landrace

Mixed sex groups and
individual penning

BALTIC et al. (1997)

N.c.

N.c.

N.c.

Crossbred of Yorkshire
and Landrace

Single sex groups
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

BERNAL BARRAGÁN
(1992)

Reduction
from 9.1 to
5.7 ME/kg

16.4

Changing restricted
(2.8 kg/day) to ad libitum
feeding and energy level

German Landrace

Individual penning

BJÖRKLUND and BOYLE
(2006)

N.c.

N.c.

N.c.

(Landrace x Large
White) x Large White

Single and mixed sex
groups, fully slatted floor

BONNEAU and
DESMOULIN (1980)

14 DE

N.c.

Maize, soy

Large White

Individual penning, single or
mixed sex groups

BONNEAU et al. (1987c)

13 DE

17.3

Restricted feeding

Large White

Female contact in adjacent
pen, different photoperiods

BOYLE (2011)

N.c.

N.c.

Restricted and ad libitum
feeding

Irish breed

Single and mixed sex
groups, split marketing

BOYLE and BJÖRKLUND
(2007)

N.c.

N.c.

Restricted wet barley, wheat
and soybean meal diet

(Landrace x Large
White) x Large White

Single and mixed sex
groups, fully slatted floor

BRENNAN et al. (1986)

N.c.

N.c.

Restrictive and ad libitum
feeding

Crossbred boars

Single sex groups, female
contact in adjacent pen

BYRNE et al. (2008)

1.15-1.13 Fup
= 8.34-8.49
MJ NE

15.5-19.5

Diet of barley, wheat, peas,
rape seed, soybean and oats

Crossbreds of Duroc,
Landrace and
Yorkshire

Groups of littermates or
individually penned

CHEN (2007)

N.c.

N.c.

N.c.

Landrace x Yorkshire

Single sex groups

CHEN et al. (2007a)

12 DE

13

Commercial diet, restricted
feeding

Landrace x Yorkshire

Single or mixed sex groups
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Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

CLAUDI-MAGNUSSEN and
HANSEN (2005)

N.c.

100 % and
85 % protein
level

Barley, triticale, peas, rape
cake and lupine

Crossbreds of Duroc,
Landrace and
Yorkshire

N.c.

CLAUS (1983)

N.c.

N.c.

N.c.

German Landrace x
Piétrain

Different light conditions;
single sex groups

CLAUS and ALSING (1976)

N.c.

N.c.

Standard diet

German Landrace

Individual penning, sexual
stimulation

CLAUS et al. (1985a,
1985b)

N.c.

N.c.

Standard diet

German Landrace x
Piétrain

Different light conditions;
single sex groups
N.c.

Author

CLAUS et al. (1994)

N.c.

N.c.

N.c.

Crossbreds of
Landrace, Large White
and Piétrain

CLAUS et al. (2003)

14.13 DE

17.4

Wheat bran and gluten,
potato protein

German Landrace x
Piétrain

Individual penned

CONTE et al. (2010)

N.c.

N.c.

Ad libitum feeding

N.c.

Single and mixed sex
groups

CONTE et al. (2012)

13.7 DE

17.8

Liquid diet based on barley,
wheat and soybean meal

(Landrace x Large
White) x Large White

Single and mixed sex
groups, split marketing; fully
slatted floor

COWAN and JOSEPH
(1981)

N.c.

N.c.

N.c.

N.c.

Single sex groups

DE BRABANDER et al.
(1986)

N.c.

N.c.

N.c.

German and Belgian
pigs

Individual penned or single
sex groups
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

DIAZ and SQUIRES
(2000b)

N.c.

N.c.

N.c.

F3 wild pigs x
Yorkshire

In vitro trial

DUIJVESTEIJN et al.
(2012)

N.c.

N.c.

N.c.

Crossbreds

Groups of littermates

EFSA (2011)

N.c.

N.c.

N.c.

Crossbreds

Survey

EFSA (2004a; 2004b)

N.c.

N.c.

N.c.

Crossbreds

Survey

ELSLEY and
LIVINGSTONE (1969)

N.c.

N.c.

N.c.

N.c.

Review

(Large White x
Landrace) x Duroc

Single sex groups, female
contact in adjacent pen,
different seasons

FÀBREGA et al. (2011)

14.09 DE

17.9

Commercial diet, responder
controlled feeding station

FÀBREGA et al. (2013)

14.09 DE

17.9

Commercial diet, responder
controlled feeding station

(Large White x
Landrace) x Duroc

Single sex groups; no
visual contact

FALKENBERG and
BLÖDOW (1981)

N.c.

N.c.

Ad libitum feeding

German Large White,
German Landrace

Conventional testing station
of young AI boars

FARNWORTH et al. (1995)

18.08-18.39
GE

N.c.

Feeding based on corn,
soybean meal and oats

Yorkshire and
Landrace

Only weaning castrated
male piglets investigated

Restricted individual feeding

Noroc (Landrace x
Yorkshire)

Single sex groups, pigs not
related, female contact in
adjacent pen

FREDRIKSEN and
HEXEBERG (2009)

N.c.

N.c.
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

FREDRIKSEN et al.
(2006a)

N.c.

N.c.

N.c.

Noroc and crossbred

Artificial light programs

N.c.

Wet feeding containing a
concentrate, bread, soy and
whey

Noroc and crossbred

Farrow to finish system,
partially slatted floor,
sawdust and straw bedding

N.c.

Wet feeding containing a
concentrate, bread, soy and
whey

Noroc (Landrace x
Yorkshire)

Farrow to finish system,
partially slatted floor,
sawdust and straw bedding

FREDRIKSEN et al.
(2006b)

FREDRIKSEN et al. (2008)

N.c.

N.c.

GIERSING et al. (2000)

6.9-23.2 DE

19.7-21.8

Commercial diet based on
barley, wheat, soybean meal

N.c.

Mixed sex groups; pigs not
related, partially slatted
floor, average temperature
17-22 °C

GIERSING et al. (2006)

N.c.

N.c.

N.c.

N.c.

Review

11.5-13.5 DE

10 g/MJ DE
digestible
protein

Oats, sugar beet pulp

N.c.

Single sex groups

N.c.

Crossbreds of Danish
Landrace, Large White
and Duroc

Concrete floor, different
temperatures, different
seasons

Ad libitum feeding based on
barley, wheat and soybean

Crossbreds of Danish
Landrace, Large White
and Duroc

Single sex groups; concrete
and slatted floor; summer
season with high
temperatures (> 25 °C)

GILL et al. (1993)

HANSEN et al. (1994)

HANSEN et al. (1995)

N.c.

8.8 NE

N.c.

14.2
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

Crossbreds of Danish
Landrace, Large White
and Duroc

Different seasons; concrete
and slatted floor, littermates
groups

HANSEN et al. (1997)

8.9 NE

14

Dry diet based on barley,
wheat and soybean meal

HANSEN et al. (2000)

8.11 NE

14.6

Dry and liquid diet based on
barley, wheat and soybean

Danish Landrace x
Large White

Single sex and littermates
groups

19.9-22.8

Barley, wheat, soybean meal
or rape seed cake and inulin

Danish Landrace x
Large White; only
female pigs

Only female pigs;
littermates groups

N.c.

N.c.

Crossbreds of
Landrace, Duroc,
Yorkshire and
Hampshire

Single and mixed sex
groups of different weights

15.5-19.5

Barley, wheat, peas, rape
seed, soybean and oats

Crossbred pigs of
Duroc, Landrace and
Yorkshire

Groups of littermates or
individually penned

18.4-20.2

Oats, wheat, peas, barley
and cakes of rape seed,
soybean and sunflower

Crossbreds of Duroc,
Landrace and Large
White

Single sex groups; partially
slatted floor, straw bedding

N.c.

Crossbreds of Swedish
Landrace, Swedish
Yorkshire, Hampshire

Single sex groups

HANSEN et al. (2002)

9.8-8.8 NE

HANSEN et al. (2005)

N.c.

HANSEN et al. (2006)

1.15-1.13 Fup
= 8.34-8.49
MJ NE

HANSEN et al. (2007,
2008)

0.98-1 Fup =
7.23-7.38 MJ
NE

HANSSON et al. (1980)

N.c.

N.c.
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

Crossbreds

Individually penned

HAWE et al. (1992)

1.3 MJ DE/kg
metabolic BW

N.c.

Restricted feed: wheat,
soybean meal being
replaced by sugar beet pulp
of lactose

HEID et al. (2011)

N.c.

N.c.

N.c.

Crossbreds

Survey

HEYDT (1936; 1937)

N.c.

N.c.

N.c.

N.c.

N.c.

JEN and SQUIRES (2011)

14 DE

14.66

Standard diet based on corn
and barley

Yorkshire

Individually penned

JENSEN (2006)

N.c.

N.c.

N.c.

N.c.

Review

JENSEN and HANSEN
(2006)

8.57 NE =
1.16 Fup

15.0

Restrictive feeding: peas,
wheat, barley, rapeseed
cake and soybean

Crossbreds of Danish
Landrace, Large White
and Duroc

Littermates and single sex
groups

JENSEN and JENSEN
(1998)

N.c.

N.c.

Standard diet: barley and soy N.c.

Review

Years slurry:
7.52-8.55;
Casein: 18.23
digestible
protein

Restricted non-commercial
diets: wheat, barley,
cellulose and soy oil
containing either casein or
brewers yeast slurry
supplemented with either
wheat bran (200 g/kg),
sugar-beet pulp (200 g/kg),
or soy oil (100 g/kg)

Individually penned

JENSEN et al. (1995a)

Yeast slurry:
8.17 – 9.59
DE
casein: 17.0
DE
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

JENSEN et al. (1995b)

N.c.

N.c.

Standard diet: barley and soy N.c.

In vitro trial

JENSEN et al. (1997a)

N.c.

N.c.

Barley, soybean and an add.
carbohydrate source

Landrace x Yorkshire

Individually penned

N.c.

Barley and soybean and an
additional carbohydrate
source

Landrace x Yorkshire

Individually penned

Crossbreds of
Yorkshire and
Landrace

Fasting; single sex groups

JENSEN et al. (1997b)

N.c.

Race

Husbandry

JEREMIAH et al. (1999a)

13.68 ME

18

Ad libitum corn/barley or
wheat/barley diet

JONSSON (1985);
JONSSON and
JØRGENSEN (1989)

N.c.

N.c.

N.c.

Danish Landrace

Single sex groups

KELLER et al. (1997)

N.c.

N.c.

N.c.

German Landrace

Single sex groups,
photoperiod

KJELDSEN (1993)

N.c.

N.c.

N.c.

Entire male herds in
Denmark

Survey

Crossbreds of
Landrace and
Yorkshire

Littermates groups

Danish Landrace x
Yorkshire

Individually penned

KJOS et al. (2010)

N.c.

N.c.

Restricted individual feeding
based on barley, wheat and
soybean meal

KNARREBORG et al.
(2002)

N.c.

13.4-14.5

Restricted feeding based on
barley, wheat, soy
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

Only gilts; Duroc x
Landrace x Large
White

Only gilts

KOUBA et al. (2003)

13.8-14.1 DE

20

Ad libitum feeding based on
wheat, soybean meal and
barley

KUHN et al. (1993)

N.c.

N.c.

Liquid diet

German Large White,
German Landrace

Single sex groups

N.c.

Ad libitum liquid feeding

Crossbred of Large
White, Landrace and
Duroc

Single sex groups

22.18-25.46

Ad libitum feeding based on
corn, soybean meal, wheat,
whey, fish meal and barley

Yorkshire

Weaning pigs

LEONG et al. (2011)

13.54-13.98
DE

N.c.

Restricted individually
feeding based on barley,
wheat, soybean meal and
broll (wheat)

Crossbreds of Duroc,
Large White and
Landrace

Female pigs

LERCHE (1936)

N.c.

N.c.

N.c.

N.c.

N.c.

LIGHTFOOT (1979);
PATTERSON and
LIGHTFOOT (1984)

N.c.

17

Intensive fattening conditions

Crossbreds of Large
White and Landrace

Single and mixed sex
groups

LI et al. (2009a)

N.c.

0.08-16.90

Standard diet: corn and soy

N.c.

In vitro fermentation

LIN et al. (1992)

13.72-13.73
DE

13.97-22.98

Corn and soybean meal

Yorkshire x Chester
White

Single sex groups

KUPPER and SPRING
(2008)

LANTHIER et al. (2006)

13.2-13.6 DE

14.23 DE
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

LINDERMAYER et al.
(2011)

11.88-13.87
ME

15.2-20.3

Individual feeding: wheat,
barley and soy

Crossbreds of Piétrain,
Landrace and Large
White

Single sex groups

LÖSEL (2006)

11.61-14.10
ME

13. 97-19.0

Liquid feed: starch wheat
and soy, on barley, wheat
and soy or on RPS, maize,
wheat, soy and barley

Crossbreds of Piétrain,
Large White, German
Landrace

Single sex groups, fully
slatted floor, but only gilts
and castrated pigs

LÖSEL and CLAUS (2005)

11.61-12.72
ME

14.8-15.7

Starch and wheat or on RPS,
maize, wheat, soy and barley

Crossbreds of Piétrain,
Large White, Landrace

Single sex groups, but only
gilts and castrated pigs

LUNDSTRÖM and
MALMFORS (1993)

11.9

13.1/18.5

Feed based on cereals, soy
or peas

Yorkshire

Littermates groups

LUNDSTRÖM and
ZAMARATSKAIA (2006)

N.c.

N.c.

N.c.

N.c.

Review

LUNDSTRÖM et al. (1988)

11.7/13.7 ME

14. 4/16.3

Barley, oats, peas or barley,
wheat, maize and soy

Yorkshire

Single sex groups

LUNDSTRÖM et al. (1994)

11.9 ME

13.1/18.5

Barley, oats, wheat, peas or
soy meal

Yorkshire

Single sex littermates
groups

MALMFORS et al. (1990)
cited WESTERGAARD and
MORTENSEN

3 energy
levels

3 protein
levels

N.c.

Danish Landrace,
Yorkshire, Duroc

Review

MALMFORS and
HANSSON (1974)

N.c.

N.c.

Individual restricted (85 %)
and ad libitum feeding

Landrace; Yorkshire

Different breeding herds
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

MARIBO et al. (2010)

N.c.

5.5

Dry diet: barley, wheat, rape
and soy

N.c.

N.c.

MATTHEWS et al. (2000a)

N.c.

N.c.

Ad libitum feeding: wheat,
soybean and barley

Commercial crossbreds Single sex groups

19

Ad libitum feeding: sorghumsoybean meal

Crossbreds of
Yorkshire, Hampshire,
Landrace and Duroc

Piglets in groups of 6
Castrated male pigs,
individually penned without
straw

MCGLONE and MASON
(1988)

N.c.

MENTSCHEL and CLAUS
(2003)

11.28/14.13

13.87/17.35

PS or starch and wheat

German Landrace x
Piétrain

NARENDRAN et al. (1980)

N.c.

N.c.

N.c.

Yorkshire

Single sex groups

NARENDRAN et al. (1982)

N.c.

N.c.

Ad libitum feeding

Yorkshire

Single sex groups; sexual
stimulation with a sow in
oestrus

NEUPERT et al. (1995)

12.6/13.8 ME

N.c.

Ad libitum feeding: barley,
wheat, soy

Hybrids

Single sex groups, different
photoperiods
Littermates groups

Review

NOLD et al. (1997)

N.c.

12-17

Corn and soybean meal

Crossbreds of Large
White, Landrace,
Hampshire and Duroc

OLIVER (2009)

N.c.

N.c.

N.c.

French and Spanish
breeds
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Author

Energy
(MJ/kg)

ØVERLAND et al. (1995)

Standard
Norwegian
energy norm

ØVERLAND et al. (2008)

12.91-12.93
ME

ØVERLAND et al. (2011)

12.85-13.97
ME

PATTERSON (1982)

N.c.

Crude
protein (%)

Basic feeding

Race

Husbandry

N.c.

Restricted and ad libitum
feeding: barley, oats and
soybean meal

Yorkshire x Norwegian
Landrace

Single and mixed sex
groups

16.0-16.6

Individual restricted feeding:
barley, wheat, oats and
soybean meal

Crossbreds of
Norwegian Landrace,
Yorkshire and Duroc

Littermates groups, partially
slatted floor, saw dust
bedding

16.5-18.3

Individual restricted feeding:
barley, wheat and soybean
meal

Crossbreds of
Norwegian Landrace
and Yorkshire

Littermates groups, partially
slatted floor, saw dust
bedding

N.c.

Pure- and crossbred of
Landrace and Large
White

Single and mixed sex
groups; different seasons

Single sex groups

N.c.

PAULY and BEE (2007)

13.2-13.6 DE

N.c.

Ad libitum liquid feeding

Crossbreds of Swiss
Large White, Swiss
Landrace and Duroc

PAULY et al. (2007)

N.c.

N.c.

Ad libitum feeding

N.c.

Single sex groups

PAULY et al. (2008)

14.9/15.6 DE

16.7/16.8

Ad libitum feeding: barley,
wheat or RPS; SBP, and soy

Swiss Large White

Single sex littermates
groups

16.6/18.6

Ad libitum feeding: wheat,
soybean cake, SBP, barley
and corn

Swiss Large White

Single sex littermates
groups, partially slatted
floor, sawdust and straw
bedding

PAULY et al. (2009a)

15.4/15.8 DE
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Crude
protein (%)

Basic feeding

Race

Husbandry

N.c.

Ad libitum liquid feeding:
corn corb mix, concentrate of
protein and water

Swiss Large White

Single sex groups

19.3

Ad libitum liquid feeding:
corn corb mix, concentrate of
protein and water

Crossbreds of Swiss
Large White, Swiss
Landrace and Duroc

Single sex groups

16.7-18.6

Ad libitum feeding: barley,
wheat, RPS, SBP and
soybean meal

Swiss Large White

Single sex groups or
individually penned

16.2-17.8 GE

18.39-19.65

Ad libitum liquid feeding
containing barely or oats and
soybean meal

Large White x
Landrace

Partially slatted floor

PIATKOWSKI and JUNG
(1967)

N.c.

3.5 – 3.7
digestible
crude protein

Diet based on skimmed milk
and barley

N.c.

Spring and summer
seasons

PIGCAS (2008)

N.c.

N.c.

N.c.

N.c.

Review

PRUNIER et al. (2010)

N.c.

N.c.

Ad libitum feeding

N.c.

Single sex groups, barren
or enriched housing

Ad libitum and restricted feed

Crossbreds of Large
White, Piétrain and
Duroc

Single and mixed sex
groups

Author

PAULY et al. (2009d)

PAULY et al. (2009e)

PAULY et al. (2010)

PAULY et al. (2011)

QUINIOU et al. (2013)

Energy
(MJ/kg)

13.2-13.6 DE

15.5 DE

14.9-15.8 DE

N.c.

N.c.
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

RAAB et al. (1997)

5.8/14.1 ME

7/13.6

N.c.

German Landrace

Individually penned

RAAB et al. (1998)

5.8/14.1 ME

7/13.6

Oats, wheat and corn

German Landrace

Individually penned

Crossbreds of
Landrace, Yorkshire
and Duroc

N.c.

RASMUSSEN et al.
(2011a)

N.c.

N.c.

Ad libitum feeding of a
common diet

RASMUSSEN et al.
(2011b)

1 Fup = 7,38
NE

15.60/16.18

Ad libitum feeding: barley,
soybean cake, wheat and
oats

Crossbreds of
Landrace, Yorkshire
and Duroc

Single sex groups

RASMUSSEN et al. (2012)

1 Fup = 7,38
NE

15.60/16.18

Ad libitum feeding: barley,
soybean cake, wheat and
oats

Crossbreds of
Landrace, Yorkshire
and Duroc

Single sex groups

RIDEOUT et al. (2004)

14.6 DE

19.86/20.70

Corn and soybean meal

Yorkshire

Barrows; individually
penned, Temperature 20 °C

Swedish Landrace x
Large White

Different seasons; mixed or
single sex groups; partially
slatted floor, straw bedding

RYDHMER et al. (2006)

12.4 DE

13.8-14.1

Restricted wet and dry diet:
wheat, barley, oats,
rapeseed and soybean meal

RYDHMER et al. (2013)

N.c.

N.c.

N.c.

N.c.

Farrow to finish system

SCHOPPER et al. (1983)

N.c.

N.c.

N.c.

Wild boar, German
Landrace, Piétrain

Different seasons

SLOTH et al. (1994)

N.c.

N.c.

N.c.

N.c.

Review

SMITH et al. (1984)

13.8 DE

19.3

Nearly ad libitum feeding of a
diet used for growing pigs

Landrace x Large
White

Single or mixed sex groups
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Author

Energy
(MJ/kg)

Crude
protein (%)

Basic feeding

Race

Husbandry

STOLL (2002)

N.c.

N.c.

N.c.

N.c.

Review

STOLZENBACH NIELSEN
et al. (2007)

N.c.

N.c.

N.c.

N.c.

N.c.

TALLET et al. (2013)

N.c.

N.c.

Ad libitum

(Large White x
Landrace) x Piétrain

Enriched housing

N.c.

Ad libitum, standard feeding

Norwegian Landrace x
Large White

Single and mixed sex
groups photoperiod, green
light

14.6-17.0

Ad libitum pelleted diet:
wheat, cassava, soybean
meal and corn

Piétrain x Seghers
hybrid cross

Individually penned

Crossbreds of
Norwegian Landrace,
Yorkshire, Duroc

Littermate groups; saw dust
bedding, average
temperature 16.1 °C

VAN DER PEETSCHWERING et al. (2013)

VAN OECKEL et al. (1998)

N.c.

9.0-9.2 NE

VHILE et al. (2011)

16.2 GE

6.6-17.1

Restricted individual feeding:
wheat and soybean meal

VOSS and HOLTZ (1981)

N.c.

N.c.

N.c.

N.c.

Review

WACHELAU and REUTER
(1978a; 1978b)

N.c.

N.c.

N.c.

German Landrace

Single sex groups,
regrouping

Crossbreds of Large
White and Landrace

Single and mixed sex
groups

Crossbred from 6 EU
countries

N.c.

WALKER (1978)

N.c.

N.c.

Restricted pelleted diet:
barley, pollard and soybean
meal

WALSTRA et al. (1999)

N.c.

N.c.

Abnormal feeding regimes
were avoided
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Author

WEILER et al. (1995)

Energy
(MJ/kg)

N.c.

Crude
protein (%)

Basic feeding

Race

Husbandry

N.c.

N.c.

Hybrids and crossbred
of Piétrain, Landrace
and Large White

Different seasons

Piétrain x Hybrids;
Duroc x Danbreed

Mixed groups during
transport and time spent on
the vehicle at the abattoir.

WESOLY et al. (2015)

N.c.

N.c.

Commercial diet for growing
boars

WHITTINGTON et al.
(2004)

14 DE

17

Individual ad libitum pelleted
diet

Crossbreds of Meishan
and Large White

N.c.

WISEMAN et al. (1999)

13.64-15.31
DE

N.c.

Restricted commercial diet:
maize, soy and SBP or straw

Crossbreds of British
Landrace and Large
White

Individually penned,
partially slatted floor,
temperature 17-20 °C

WOOD et al. (1994)

15.3 DE

21.5

Ad libitum feeding

N.c.

N.c.

XU et al. (2002)

N.c.

N.c.

Standard diet: corn and
soybeans

N.c.

In vitro trial

ZAMARATSKAIA et al.
(2004a)

12.3 DE

16.8

Ad libitum; commercial
finisher diet

Yorkshire x Hampshire

Simulated photoperiod;
sibling groups

Restricted commercial diet

Crossbred of Swedish
Landrace and Swedish
Yorkshire

Single or mixed sex groups

Restricted commercial diet

Crossbred of Swedish
Landrace and Swedish
Yorkshire

Single or mixed sex groups

ZAMARATSKAIA (2004)

ZAMARATSKAIA (2005a
2005b)

12 ME

12 ME

13

13
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Author

ZAMARATSKAIA et al.
(2006)
ZAMARATSKAIA et al.
(2005c)

ZAMMERINI et al. (2012)

ZENG et al. (2002a)

Energy
(MJ/kg)

12 ME

12 ME

N.c.

8.3/9.7 NE

Crude
protein (%)

13

13

Basic feeding

Race

Husbandry

Restricted commercial diet

Crossbred of Swedish
Landrace and Swedish
Yorkshire

Single or mixed sex groups

Restricted commercial diet

Crossbred of Swedish
Landrace and Swedish
Yorkshire

Single or mixed sex groups

N.c.

Common diet

Similar genetic

Investigation of boars in a
commercial abattoir
originating from 30 farms

15.55-19.07

Ad libitum individually
pelleted diet: maize and
soybean meal or on several
by-products

Crossbreds of Dutch
Landrace and Large
White

Littermate groups
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Processing

Elimination of boar taint
(compounds)

Table 26: Hanging/chilling
Concentration
Breed, age or
(ppm) of boar taint
Sensitivity of the
weight of
compounds in
testing persons
animals
basis material

Author/year

Only slight
difference in
androstenone
content (no exact
data)

Boars

N.c.

Cryptorchid
boars and stag N.c.
pigs

HEYDT (1936)

Hanging for 2 - 3 weeks

Not successful, and after a
number of years, with hundreds
of carcasses, only three
cryptorchids were fit for human
consumption

N.c.

Cryptorchid
boars

N.c.

MAY (1912); JUNACK
(1933)

Splitting and hanging in
an draught room

Successful

N.c.

Cryptorchid
boars

N.c.

MÜLLER (1911)

Storage (4 °C) and
freezing (-18 °C) for less
than 40 days

No change in androstenone
level

Boars

Declining of androstenone (no
exact data)

Laboratory testing
panel; androstenone
sensitivity not tested

OTTO et al. (1980)

Freezing (-18 °C) for
more than 40 days

0.087 - 0.257 ppm
androstenone

Hanging for 14 days

Not successful

N.c.

Cryptorchid
boars

N.c.

PLATH (1912)

Hanging over the night

Less intense of boar taint

N.c.

Boars

Consumer and
laboratory panel

WALSTRA (1979)

Maturing for 1, 3 and 22
hours

Less intense of boar taint

Hanging and maturing for
Not successful
24 hours
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Consumer and
laboratory panel

Citation of WALSTRA
(1978) by MOERMAN
(1982)
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Table 27: Mixing/dilution

Processing

Elimination of
boar taint
(compounds)

Concentration (ppm) of
boar taint compounds
in basis material

Breed, age or weight
of animals

Sensitivity of the
testing persons

Author/year

Dilution only possible if tainted
carcasses are not common and
frequent in processing

Questionable

N.c.

Boars

N.c.

CLAUS (1993)

Dilution of highly tainted meat with
Successful
untainted meat

Large White boars;
1.21 ppm androstenone in
95-105 kg live weight;
adipose tissue
170-190 days of age

Sensitivity of boar
taint was NOT
considered in
consumer panel

DESMOULIN et
al. (1982)

Addition of 5 % boar meat in
surimi like products

0.09 - 0.14 % skatole in
products containing boar
muscle tissue

Boars

Trained panellists
sensitive to boar taint

GARCIA
ZEPEDA et al.
(1993)

0.7-1.4 ppm
androstenone;
0.12-0.22 ppm skatole

Hybrid pigs (BHZP)
Landrace x Large
White; Piétrain x
Landrace; 93.7-111.4
kg live weight

Androstenone
KLETTNER and
sensitive testing panel KÜHNE (1995)

Successful

Dilution with meat from gilts and
castrates (no exact data)

Successful

Dilution of 25 % and 6-12 % boar
meat in products being cold or
warm consumed, respectively

Nearly successful,
remained
recognisable when N.c.
heated in closed
pans

Mixing tainted and untainted boar
meat

Androstenone still
detectable

2.2/4.2 ppm
androstenone; 0.04 ppm
skatole

Duroc boars; >100 kg
weight

Androstenone
MÜLLER (2010)
sensitive expert panel

Dilution of 50 – 75 % strong
tainted boar meat in sausages

Acceptable
products

Hot iron method

Boars

Trained test panel

Consumer panel, not
Young breeding boars; tested for
100 kg live weight
androstenone
sensitivity
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Processing

Elimination of
boar taint
(compounds)

Concentration (ppm) of
boar taint compounds
in basis material

Breed, age or weight
of animals

Sensitivity of the
testing persons

Author/year

Addition of 5 % tainted meat

Successful, no
objections

N.c.

Young/ cryptorchid/
hermaphrodite pigs

N.c.

WALPER and
KRATSCH
(1973)

Dilution of 25 % and 6-12 % boar
meat in products being cold or
warm consumed, respectively

Acceptable
products

Fat samples were
evaluated by meat
inspectors

Boars; 80-100 kg live
weight

Trained expert panel
and not trained
consumer panel

WALSTRA
(1974)
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Processing

Elimination of boar taint
(compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Breed, age or
Sensitivity
Author/year
weight of animals testing persons

Roasting in the oven/
cooking in water

Roasting improved boar meat
compared to cooking in water

Odour and flavour
samples

Landrace x Large
White boars; 90 kg
live weight

N.c.

ANASTASIJEVIC
et al. (1985)

Cooked loin

Lower threshold values were observed
in cooked loin (androstenone 0.5 ppm;
skatole 0.1ppm) (compared to drycured ham (androstenone 2 ppm;
skatole 0.12 ppm))

0.25-1.99 ppm
androstenone and
0.02-0.13 ppm skatole
in adipose tissue

Crossbred boars
(Large White,
Landrace, Duroc);
live weight of 105
kg; 5.5 months

Androstenone
sensitive panel

BAÑÓN et al.
(2003a)

Cooed ham

In cooked ham androstenone was
reduced (45.9 %) and the consumer
acceptability increased

1.21 ppm
androstenone in
adipose tissue

Laboratory
analysis

BONNEAU et al.
(1980)

Braising of pork chops

Development of boar odour

N.c.

N.c.

BRATZLER et al.
(1954)

Boar taint
sensitive panel
members

CHEN et al.
(1993)

Laboratory
analysis

CHOI et al.
(2007)

Precooked products
Reducing of boar taint
from pre-rigor boar meat

Mean skatole
concentration: 0.116
ppm

Heat treatment (scalding
3 minutes at 60 °C;
Skatole was reduced, but not
singed 10 seconds at
androstenone
1200 °C) of the scalding
process

Reduced fat skatole
level from 0.26 ppm to
0.19 ppm
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95/107 kg live
weight; Large
White
Crossbred boars
(China, Hampshire,
Duroc);
94.5-103.5 kg live
weight
Duroc and
Yorkshire boars;
95-110 kg;
150 days of age
Crossbred boars
(Yorkshire x
Landrace x Duroc)
with 172 days of
age
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Table 28: Heating/cold consumption
Processing

Cold consumption

Cold consumption
Heating

Elimination of boar taint
(compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Temperature at consumption was of
peculiar interest, because when
consuming products cold, no
consumer complaints were noticed

No complaints androstenone
concentrations below
0.3 ppm; Complaints androstenone levels >
1.0 ppm

An unforeseen heating (salami on
pizza) could not be excluded
Skatole was reduced, but not
androstenone

Breed, age or
Sensitivity
Author/year
weight of animals testing persons

Boars

Meat inspectors
have to be
sensitive for
boar taint

CLAUS (1978)

N.c.

Boars

N.c.

CLAUS (1993)

N.c

N.c.

N.c.

CLAUS (1995)

Maximum volatilization
at a temperature of 100108 °C

Same intensity of boar taint after
reheating

Odour samples

Yorkshire boars; 18
N.c.
month

Cold consumption

Minimised the release of unpleasant
odour

1.21 ppm
androstenone in
adipose tissue

Large White boars;
95-105 kg live
weight; 170-190
days of age

Consumer
sensitivity of
DESMOULIN et
boar taint was
al. (1982)
NOT considered

Processing, cold
consumption

Processing of meat decreased or
masked boar taint because
androstenone is volatile. Cold
consumption (cooked ham) lowered
the boar taint sensation

Commercial boars
and barrows

Expert panel
and consumer
panel

Broiling of pork chops

Resulted in dissatisfaction for texture,
aroma and flavour

Boars with
77-109 kg live
weight

Consumer
sensitivity of
GUILLETT et al.
boar taint was
(1993)
NOT considered

Olfactory evaluation
and androstenone
levels in back fat
samples, groups of low
(0.5 ppm) middle (0.5-1
ppm) and high (> 1
ppm) androstenone
Levels of androstenone
in salivary glands were
measured, but not
noticed
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(1990)

Annexe
Table 28: Heating/cold consumption
Processing

Elimination of boar taint
(compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Breed, age or
Sensitivity
Author/year
weight of animals testing persons

Heating, cold
consumption

After the heating process, boar taint
was strongly perceived; not noticeable
in products being consumed cold

N.c.

Boars

N.c.

HORST (1970)

0.7-1.4 ppm
androstenone;
0.12-0.22 ppm skatole

Hybrids pigs
(BHZP); Landrace
x Large White;
Piétrain x
Landrace;
93.7/111.4 kg live
weight

Androstenone
sensitive testing
panel

KLETTNER and
KÜHNE (1995)

Technological heated in
an open pot or vessel,
like a permeable water
vapour casing; cooked
ham, Frankfurter
sausages

Androstenone and skatole were not
detected. However, warmly consumed
Frankfurter sausages were
distinguished as tainted

Cooking temperatures of
No effect on boar taint perception
70-90° C of ham
Cold serving of smoked,
streaky bacon

Cooked smoked ham:
served cold or hot
Cold serving
temperatures (15 °C)
and reheating (60 °C) of
pork

Recommended

Androstenone levels
0-6.5 ppm; Skatole
levels 0-12 ppm
Androstenone and
skatole levels below
0.9 ppm

No boar taint perception

Androstenone level
below 0.4 ppm/0.2 ppm
when served cold/ hot
were recommended

Reduced the perception of boar taint

Experiment 1-4:
0.01-5.6 ppm
androstenone;
0.03-1.1 ppm skatole
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Boars and barrows N.c.

Boars; breed n.c.

Androstenone
sensitive and
trained expert
panel

KRISTENSEN et
al. (2011)

LUNDE et al.
(2008a)
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Processing

Elimination of boar taint
(compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Cold consumption

In ham and melted cheese
sandwiches, cheese or bread seemed
to dominate the flavour. A masking
effect was assumed even by a higher
release of androstenone flavour at
60 °C. In contrast cold ham with high
androstenone levels (9.15 ppm) were
less preferred

5 Samples:
0.56-9.15 ppm
androstenone;
0.15-0.01 ppm skatole

Process of frying and
eating fried meat

At a threshold level of 3 ppm
androstenone, testers evaluated meat
samples more poorly during the
process of frying, but accepted it
afterwards eating the fried meat
samples

Synthetic
androstenone
(< 0.5-9.0 ppm) and
skatole
(< 0.5-0.35 ppm)
added to adipose
tissue

Dry oven-roasted pork,
stewed oven-cooked
pork and marinated
oven-cooked pork

Barbecue, Cooking,
steaming

No difference in pork with low levels of
boar taint. Stewed oven-cooked pork
(high taint level) produced the highest
scores for boar taint. No decrease of
boar taint after moist cooking. Cold
consumption lowered boar taint
sensation
In contrast to cooking or steaming the
meat, barbecue procedures gave
aromatically components during
browning

Breed, age or
Sensitivity
Author/year
weight of animals testing persons

Boars

Androstenone
sensitive and
non sensitive
consumer panel

LUNDE et al.
(2008b)

Castrated male
pigs

Androstenone
sensitive
consumer
testing panel

LUNDE et al.
(2010a)

High taint level: 1.1
ppm androstenone and
Boars with
0.17 ppm skatole; low
85.9-89.0 kg
taint level: 0.25 ppm
carcass weights
androstenone and
0.06 ppm skatole

Boar taint
sensitive panel

MCCAULEY et
al. (1997)

N.c.

N.c.

MÖRLEIN (2009)

Boars
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Table 28: Heating/cold consumption
Processing

Elimination of boar taint
(compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Breed, age or
Sensitivity
Author/year
weight of animals testing persons

Horizontal (scalding in
62 °C hot water for
4 minutes and singeing
once for 3 seconds) and
vertical scalding
(6 minutes, scalding in
60 °C sprayed water
3 times and singeing by
gas burner 3 times for
3 seconds, in turns)

No reduction of androstenone or
skatole levels. 30 % of carcasses were
unacceptable (threshold values of
2.0 ppm for androstenone and 0.15
ppm for skatole)

Levels of androstenone
(0.94/1.29 ppm) and
skatole (0.06/0.09ppm)
in both scalding
methods

Duroc x (Landrace
x Large White)
boars; carcass
weight 99.8 kg

The strongest sensation for
androstenone was found. Surprisingly,
concentrations for androstenone,
skatole and indole in products were
lower after heat treatment
The reduction of androstenone could
not be confirmed. In cured, cooked
products with an impermeable casing,
there were fewer objections because
of skatole

Two mean values of
androstenone (2.2 and
4.2 ppm) and skatole
(0.04 ppm) in adipose
tissue

There was a better evaluation - more
intensive meat aroma/firm to the bite

Increasing levels of
androstenone (4.2ppm)

Little/no effect on dissipating boar taint

Selected by meat
inspectors

Tainted boar meat could be used in
products being eaten cold

Sensory selection by
meat inspectors

Processing (with high
temperatures) of
sausages, scalded,
served cold,

Permeable to water
vapour casing
Cured cooked
products/canned
sausages
Freezing for several
years; heating boar fat
for longer than 24 hours
Cold consumption
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Duroc boars with
weight of > 100kg

Laboratory
analysis

Androstenone
sensitive expert
panel

MÖRLEIN et al.
(2012a)

MÜLLER (2010)

Androstenone
insensitive
persons
PEARSON et al.
(1969)

Boars

Untrained panel

Boars

Consumer
sensitivity of
PEARSON et al.
boar taint was
(1971)
NOT considered
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Table 28: Heating/cold consumption
Processing

Elimination of boar taint
(compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Roasting boar meat

90 % of the people obtained
satisfaction

Selection of carcasses
by trained smelling
panel

Landrace boars
with 23-25 weeks
of age

Volatilisation (120 °C)

Boar taint compounds were collected
in a trap

Heating (20 °C, 7d;
85 °C, 40 min; 120 °C,
F 13.5), cold
consumption (8 °C)

Masking effect, no complete
elimination

Androstenone levels:
1.2-2.7 ppm; skatole
levels 0.3-0.33 ppm

Androstenone
Durco and Piétrain;
and skatole
101,5-115kg
sensitive panel

Frying on a hot plat/
oven procedure

The frying procedure preferred by
France consumers. In contrast, in
Germany the oven procedure was
favoured

Androstenone levels:
< 0.5 ppm and
> 0.1 ppm; skatole
Boars
levels: < 0.12 ppm and
> 0.25 ppm

Boar taint
sensitive
consumer panel

SIRET et al.
(1997)

Cooking; cold
consumption

Skatole volatilized more easily than
androstenone. Cold consumption
lowered boar taint sensation.

N.c

N.c.

STÖCKLI (2005)

Cooked, smoked ham
(70-90 °C), served cold
(23 °C)
Reheating (65 °C) of
ham before serving
Processing temperature
of over 70 °C

All negative attributes for odour were
eliminated
Elevated boar taint sensation
No influence of boar taint perception

Breed, age or
Sensitivity
Author/year
weight of animals testing persons

Consumer panel
was presumed
RHODES (1972)
to be sensitive to
boar taint
Mean concentrations:
Trained test
0.18 ppm
panel able to
Animals out of six
RIUS et al.
androstenone; 0.05
perceive
European countries
(2005)
ppm skatole, 0.04 ppm
androstenone
indole
and skatole

N.c.

Levels of 0.1-3.5 ppm
androstenone;
0.015-0.51 ppm skatole Boars
and 0.015-0.564 ppm
indole in adipose tissue
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SCHNÄCKEL et
al. (2014)

Professional and
TØRNGREN et
trained sensory
al. (2011)
panel

Annexe
Table 28: Heating/cold consumption
Concentration (ppm)
of boar taint
compounds in basis
material

Breed, age or
Sensitivity
Author/year
weight of animals testing persons

Fat samples were
evaluated by meat
inspectors

Boars with
< 80-100 kg live
weight

Trained expert
panel and not
trained
consumer panel

WALSTRA
(1974)

N.c.

Boars

Boar taint
sensitive panel
members

WILLIAMS et al.
(1963)

Best cooking
temperature was 72.5 °C Only few differences were found in the
and 80 °C for grilled
eating quality between entire male pigs N.c.
steaks and roasts,
and gilts
respectively

Duroc and
commercial white
type boars; 65 kg
carcass weight

Trained test
panel

WOOD and
NUTE (1993)

Consumers in United
Kingdom cooked with
higher temperatures

Duroc and
commercial white
type boars;
slaughter weight
below 70 kg

Trained test
panel

WOOD et al.
(1995)

Processing

Cold consumption

Cold consumption

Elimination of boar taint
(compounds)
In smoked sausages (pasteurized and
vacuum packed) boar taint remained
detectable even when consumed cold.
A mixture of fat and meat with or
without boar taint in coldly consumed
products was possible up till 25 %
without difficulties. However, in
products consumed warm, the
acceptable percentage was lower by
6 to 12 %
Lowered boar taint sensation in spiced
and minced meat; if cooked salami
was reheated boar taint appeared
again

Similar consumer verdict regarding
meat from boar, female pigs or
castrates

N.c.
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Table 29: Masking

Processing

Elimination of boar taint (compounds)

Concentration
Breed, age or
(ppm) of boar taint
weight of
compounds in
animals
basis material

Masking: rosemary
spices; smoking

Successfully masking of androstenone

Analysis of
androstenone,
skatole and indole

Duroc boars

Androstenone ANONYM (2011)
sensitive
(cited by MÜLLER
tester
2010)

Masking effect of
spices (fennel)

Considered doubtful

N.c.

Boars

N.c.

CLAUS (1993)

N.c.

CLAUS et al.
(1985c)

N.c.

CRAIG et al. (1962)

Only analytic
measuring

DEHNHARD et al.
(1995)

Masking: smoking

42.3 % androstenone reduction in pork chops

Masking: liver

Using liver tissue could mask boar taint

Masking: smoking,
liver sausages

Skatole reduction in liver sausages (75 %) and
by the smoking process (reaction with
formaldehyde) in correlation to duration and
penetration of smoke. 58 % skatole reduction in
smoked belly

Masking with spices

Addition of spices masked the taint and
increased threshold values for androstenone
acceptance

20.7 % of boars had
androstenone levels Boars with live
of 1.0-4.0 ppm in
weight of 110 kg
adipose tissue
Yorkshire boar;
Odour samples
18 months old
Hybrids pigs
(BHZP); German
Landrace x
0.54-1.13 ppm
German Large
androstenone;
White; Piétrain x
0.17 ppm mean
German
skatole level in
Landrace;
adipose tissue
93.7kg and
111.4 kg live
weight
Large White
1.21 ppm
boars; 95-105 kg
androstenone in
live weight;
adipose tissue
170-190 days of
age.
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Sensitivity of
the testing
Author/year
persons

Consumer
sensitivity of
DESMOULIN et al.
boar taint was
(1982)
NOT
considered
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Table 29: Masking

Processing

Elimination of boar taint (compounds)

Concentration
Breed, age or
(ppm) of boar taint
weight of
compounds in
animals
basis material
Olfactory evaluation
and androstenone
levels in back fat
samples, groups of
low (0.5 ppm)
middle (0.5-1 ppm)
and high (> 1 ppm)
androstenone
0.8 ppm
androstenone;
0.21 ppm skatole

Sensitivity of
the testing
Author/year
persons

Commercial
boars and
barrows

Expert panel
DIESTRE et al.
and consumer
(1990)
panel

N.c.

N.c.

EGELANDSDAL et
al. (2004)

Boars and
cryptorchid
boars

N.c.

FAHR (1938)

Not noticeable in products being mixing with liver N.c.

N.c.

HORST (1970)

Masking: liver
sausages

Boar taint not noticeable at lower levels of
androstenone and skatole, but still detectable at
higher levels of boar taint compounds

Androstenone
KLETTNER and
sensitive
KÜHNE (1995)
testing panel

Masking: smoking,
starter culture

Smoking sausages had a significant effect on
masking boar taint. Starter cultures are not
involved in masking boar taint

Masking with spices

Adding spices masked the off flavour

Masking: marinade,
oregano, liquid
smoke
Masking with spices
like garlic, bay
leaves, cloves to the
curing
Masking: liver

Liquid smoke reduced the taste of manure, and
an oregano flavoured marinade reduced the
taste of urine
A further reduction of boar taint was not
achieved by the addition of garlic, bay leaves or
cloves

N.c.

Boars
Hybrids pigs
(BHZP);
Low levels: 0.7 ppm
Landrace x
androstenone;
Large White;
0.12 ppm skatole;
Piétrain x
high levels: 1.4 ppm
Landrace;
androstenone;
93.7kg and
0.22 ppm skatole
111.4 kg live
weight
0.50-0.75 ppm
androstenone;
Boars
0.021-0.034 ppm
skatole
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Trained
sensory panel, LINDAHL et al.
androstenone (2007)
sensitive
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Table 29: Masking

Processing

Elimination of boar taint (compounds)

Concentration
Breed, age or
(ppm) of boar taint
weight of
compounds in
animals
basis material

Masking: marinade,
oregano extract,
liquid smoke

Boar taint was affected by oregano extracts and
liquid smoke. However, garlic revealed no
sufficient masking effect. Boar taint was
successfully masked in marinated chops with
skatole content of approximately 0.4 ppm but
remained unmasked in chops with skatole levels
above 0.7 ppm

Experiment 1-4:
0.01-5.6 ppm
androstenone;
0.03-1.1 ppm
skatole

Masking of cheese
and bread in
sandwiches

Dominate the flavour. A masking effect was
assumed even by a higher release of
androstenone flavour at 60 °C

5 Samples:
0.56-9.15 ppm
androstenone;
0.15-0.01 ppm
skatole

Boars

Masking: liquid
smoke, starter
cultures

Liquid smoke is an effective processing method
for masking skatole. With a more optimised
technology, Staphylococcus xylosus might be
successful in the lowering of skatole perception

1.27-1.61 ppm
androstenone;
0.31-0.43 ppm
skatole

Boars

Marinating in a
sweet and sour
marinade overnight

High taint
carcasses: 1.1 ppm
androstenone and
Lowest scores for boar taint regarding meat with 0.17 ppm skatole;
high levels. But still detectable
low taint carcasses:
0.25 ppm
androstenone and
0.06 ppm skatole
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Boars; breed
irrelevant

Boars with
85.9-89.0 kg
carcass weights

Sensitivity of
the testing
Author/year
persons

Androstenone
sensitive and LUNDE et al.
trained expert (2008a)
panel
Androstenone
sensitive and
non sensitive
consumer
panel
Androstenone
sensitive and
non sensitive
consumer
panel

Boar taint
sensitive
panel

LUNDE et al.
(2008b)

LUNDE et al.
(2013)

MCCAULEY et al.
(1997)
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Table 29: Masking

Processing

Elimination of boar taint (compounds)

Concentration
Breed, age or
(ppm) of boar taint
weight of
compounds in
animals
basis material

Masking: liver;
rosemary extract

Better evaluation by androstenone insensitive
persons for liver sausages with increasing levels
of androstenone - more intensive meat
aroma/firm to the bite. The scores for inedibility
because of boar taint were higher in liver
sausages than in other products. Rosemary
extract and smoke had a masking effect

Two mean values of
androstenone (2.2
Duroc boars with Androstenone
and 4.2 ppm) and
weight of
sensitive
MÜLLER (2010)
skatole (0.04 ppm)
> 100kg
expert panel
in adipose tissue

Achieved full-value meat products

N.c.

Boars

N.c.

NIDEREHE (1977)

Reduced the boars taint significantly, but was
not practicable

Hot iron method

Boars

Trained test
panel

PLIMPTON et al.
(1976)

Combination hat a high masking effect. Liquid
smoke tended to result in higher masking effect.

Androstenone
levels: 1.2-2.7 ppm;
skatole levels:
0.3-0.33 ppm

Durco and
Piétrain;
101,5-115kg

Androstenone
and skatole
SCHNÄCKEL et al.
sensitive
(2014)
panel

Wild mature
boars

No tested
consumer
panel

SCHWARZ (2011)

N.c.

N.c.

STÖCKLI (2005)

Masking with fennel
or liver supplement
Addition of 0.15 %
fennel spice
Masking: liquid
(20 and 80 °C;
30 %) and heat
smoke (20 and
80 °C; 165 min);
adding rosemary,
oregano, salvia
(0.5-2.5 %).
Masking with
buttermilk and red
wine
Masking with spices

Marinating meat with sexual odour from wild pigs
with buttermilk or red wine was done by hunters
N.c.
in the South of Germany in order to get it fit for
human consumption
Boar taint can be masked with spices
N.c.
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Sensitivity of
the testing
Author/year
persons
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Table 29: Masking

Processing

Masking: liquid
smoke, starter
culture, white
pepper

Masking: smoking

Masking: smoking

Masking: liver

Elimination of boar taint (compounds)
In traditional Swedish fermented sausages,
liquid smoke masked the sensation of boar taint.
However, it failed to mask the boar taint
perception sufficient in sausages with high levels
of androstenone and skatole in fat. The starter
culture 2, F-1 Bactoferm, reduced boar taint
sensation most efficiently, but not completely.
Acidification and white pepper had no influence
on boar taint perception. They were sanguine for
sufficient masking boar taint with a more
optimized smoking process (another type of
smoke, increasing length of smoking cycles and
the use of permeable cases)
In smoked sausages (pasteurized and vacuum
packed) boar taint remained detectable even
when consumed cold. However, the skatole
value in the sausages was decreased to one fifth
of the original amount
In smoked sausages, a certain percentage of
meat and fat with strong boar taint could be use
In sausages tainted boar meat could be added
up to 40 %, because the strong odour of liver
could mask boar taint

Concentration
Breed, age or
(ppm) of boar taint
weight of
compounds in
animals
basis material

Sensitivity of
the testing
Author/year
persons

2.0-7.4 ppm
androstenone;
0.2-0.89 ppm
skatole

Boars

Androstenone
STOLZENBACH et
sensitive
al. (2009)
panellists

Fat samples were
evaluated by meat
inspectors

Boars with
< 80-100 kg live
weight

Trained expert
panel and not
trained
WALSTRA (1974)
consumer
panel

N.c.

Boars

N.c.

WALSTRA (1979)

Boars

Boar taint
sensitive
panel
members

WILLIAMS et al.
(1963)

N.c.
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Table 30: Curing

Processing

Elimination of boar taint (compounds)

Concentration (ppm)
Breed, age or
of boar taint
weight of
compounds in basis
animals
material

Dry and wet
curing

Dry cured (pickled and dried) neck meat of boars
was more favourable in taste and smell. In contrast
to wet cured (wet brined and dried) belly bacon of
castrates being favoured in smell and taste

Odour and flavour
samples

Curing

Chemical analysis demonstrated that the
compounds of boar taint in fat were not influenced
by the curing process

No complaints androstenone
concentrations below
Boars
0.3 ppm; Complaints androstenone levels
> 1.0 ppm

Curing

An obvious reduction in cooked, smoked and cured
products was found - (45.8 % for pressed ham and
42.3 % for smoked pork chop. Bologna sausages
and bacon 4.5 % and 20.8 %, respectively) The
common meat-processing methods did not
guarantee preventing on the negative influence of
boar taint on meat products

20.7 % of boars had
androstenone levels
of 1.0-4.0 ppm in
adipose tissue

Boars with live
N.c.
weight of 110 kg

CLAUS et al.
(1985c)

Curing

Curing in brine for 3 weeks reduced the off odour,
and in 19 % boar taint was eliminated. A further
reduction of boar taint was not achieved by the
replacement of curing brine after 14 days

N.c.

Boars and
cryptorchid
boars

N.c.

FAHR (1938)

Breeding boars
and cryptorchid
boar

N.c.

FLEISCHMANN
(1937)

Quality improvement of pork from cryptorchids and
young boars was achieved to a higher degree by
Curing in
curing in brine (43 % elimination of sexual odour)
N.c.
brine and dry than dry-curing (32 % elimination of sexual odour).
Quality improvement of pork from older brood boars
by curing was doubtful
194

Sensitivity of
the testing
persons

Landrace x
Large White
N.c.
boars; 90 kg live
weight

Author/year

ANASTASIJEVIC
et al. (1985)

Meat inspectors
have to be
CLAUS (1978)
sensitive for boar
taint
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Table 30: Curing
Concentration (ppm)
Breed, age or
of boar taint
weight of
compounds in basis
animals
material

Sensitivity of
the testing
persons

Author/year

N.c.

HEYDT (1937)

Processing

Elimination of boar taint (compounds)

Curing

Dry curing in salt for 3 weeks led to a slight
reduction in sexual odour but not to elimination. The
N.c.
use of nitrite was not successful in the removal of
boar taint

Cryptorchid
boars and stag
pigs

Curing in
brine of
cooking salt

Curing of meat from cryptorchid boars improved
quality. Furthermore, the curing process in brine of
pure cooking salt in concentrations over 20 % came N.c.
to an obvious improvement in contrast to brine of
nitrite/nitrate

Cryptorchid boar N.c.

KELLER (1937)

Curing

After curing for three weeks, no sexual odour was
detected in the cooking trial

N.c.

Cryptorchid boar N.c.

KUNZE (1936)

Curing

There was no leaching of androstenone into the
brine during curing and no cross contamination of
carcasses

0.08-3.2 ppm
androstenone in
adipose tissue

Hybrid boars
(Large White x
Camborough);
146 and 166
days of age

Androstenone
sensitive testing
panel

MOTTRAM et al.
(1982)

Curing

In cured, cooked products with an impermeable
casing, there were fewer objections because of
skatole. There was a better evaluation by
androstenone insensitive persons for cured cooked
products with increasing levels of androstenone more intensive meat aroma/firm to the bite

Two mean values of
androstenone
Duroc boars with Androstenone
(2.2 and 4.2 ppm) and weight of
sensitive expert
skatole (0.04 ppm) in > 100kg
panel
adipose tissue

MÜLLER (2010)

Curing

Full-value meat products after curing of boar tainted
N.c.
meat
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Boars

N.c.

NIDEREHE (1977)
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Table 30: Curing
Concentration (ppm)
Breed, age or
of boar taint
weight of
compounds in basis
animals
material

Sensitivity of
the testing
persons

Processing

Elimination of boar taint (compounds)

Curing

Cured, smoked ham of the control group (barrows,
Sensory selection by
gilts, sows) was preferred. Curing resulted in little or
meat inspectors
no effect on dissipating boar taint

Boars

Sensitivity of
boar taint was
PEARSON et al.
NOT considered; (1969)
consumer panel

Curing

Improved quality but did not eliminate the sexual
odour. There was no difference in curing in brine or
with the dry curing method. Furthermore, the curing
process in brine of pure cooking salt in
concentrations of 19 % showed the best results

N.c.

Cryptorchid
boars

N.c.

PIPPERT (1937)

Curing

The best results for improving meat with strong
sexual odour were achieved by curing in brine with
25 % pure cooking salt without additives for 21
days. The effects of nitrite/nitrate were less. There
was only an improvement in quality, but no
elimination in boar taint

N.c.

Cryptorchid
boars

N.c.

PRINZ (1939)

Dry curing

Dry curing and maturation for 7 days

Androstenone levels:
1.2-2.7 ppm; skatole
levels: 0.3-0.33 ppm

Durco and
Piétrain;
101,5-115kg

Androstenone
and skatole
sensitive panel

SCHNÄCKEL et
al. (2014)

N.c.

Young or
cryptorchid and
hermaphrodite
pigs

N.c.

WALPER and
KRATSCH (1973)

Curing

Curing had little or no effect on sexual odour
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Table 31: Varieties of processed meat

Processing

Elimination of boar taint
(compounds)

Salami, ham,
bacon

Salami, ham and bacon originated
from boar meat were tested. No
differences were detected in the
products, and a large majority (over
80 %) evaluated the overall
impression well and very well

Fresh roast and
pork chops,
ham, bacon,
sausages

Processing decreased androstenone
levels in meat of boars but not in
barrows. Fresh and processed meat
from barrows was slightly preferred
An overall acceptability was obtained
in boar meat products containing less
Curing, ham, loin than 1.0 ppm androstenone. Meat
chops
from young boars (up to 113.6 kg)
could be used in fresh and processed
products
The same acceptance for boar meat
compared to meat from gilts and
castrated male pigs was reached if fat
Pork products
androstenone levels were lower than
0.5 ppm for fresh and lower than
1.0 ppm for processed meat
Hanging in air draught, dry curing for
4 weeks at 1-3 °C with 50 g salt,
Different
juniper berries and garlic, afterwards
processing
24 hours smoking and 2 hours
methods
cooking reduced, but did not eliminate,
boar taint

Concentration (ppm)
of boar taint
Breed, age or
compounds in basis weight of animals
material

Sensitivity of the testing
persons

N.c.

Boars

Sensitivity of the visitors at
a fair and by employees of
BAHRDT
the Research Institute of
(2008)
Organic Agriculture was
NOT considered

8.17-14.02 ppm
androstenone in
adipose tissue

Lacombe and
Yorkshire boars;
90 kg live weight

N.c.

CLIPLEF et al.
(1981; 1984)

0.8-1.6 ppm
androstenone in lean
and adipose tissue

Crossbreds
(Yorkshire,
Hampshire, Duroc);
slaughter weight:
90.9-113.6 kg

Boar taint and
androstenone sensitive
panel members

COKER et al.
(2009)

1.21 ppm
androstenone in
adipose tissue

Large White boars;
Sensitivity of boar taint
95-105 kg live
was NOT considered in
weight; 170-190 days
consumer panel
of age

DESMOULIN
et al. (1982)

N.c.

Boars

MAHR (1967)
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Table 32: Varieties of processed meat - ham

Processing

Elimination of boar taint
(compounds)

Dry cured
ham

For production of Spanish dry cured
ham, carcasses with high levels of boar
taint were not suitable. The processing
lowered skatole and indole levels. The
curing and drying treatment solely
masked the off odour by rancidity or
oxidation but did not eliminate boar taint

Concentration (ppm) of boar
taint compounds in basis
material

Levels of androstenone in
adipose tissue: 0.6-2.67 ppm

Breed, age or
weight of
animals

Sensitivity of the
testing persons

Author/year

Entire male pigs

Androstenone
sensitive and
insensitive panel
members

ARNAU et al.
(1986)

Androstenone
sensitive panel

BAÑÓN et al.
(2003b)

In dry cured ham, boar taint was noticed
at room temperature, and meat of
Ham: dry
0.17-0.77 ppm androstenone,
castrated pigs improved the quality of
cured and
0.06-0.12 ppm skatole and
dry cured ham. For cooked products like
cooked
0.06-0.08 ppm indole
cooked ham, there was little effect
observed
Levels of androstenone in
In cooked ham no differences were
adipose tissue, between
Cooked ham
noticed between boars and castrates
0.61 ppm (Landrace) and
1.75 ppm (Piétrain)

Crossbred boars
(Large White,
Landrace,
Duroc); live
weight of 105 kg;
5.5 months
Landrace and
Piétrain boars;
90-110 kg live
weight

Cooked ham of entire male pigs with low
levels of androstenone and skatole were
scored equally to ham from castrated
Fat skatole level > 0.75 ppm in
pigs. Three-fold higher threshold values
Cooked ham
10.3 % and fat androstenone
for androstenone (1.5 ppm instead of
level > 1.5 ppm in 8.8 %
0.5 ppm) and skatole (0.75 ppm instead
of 0.25 ppm) were detected for cooked
ham compared to pork meat

Crossbred boars
(Landrace, Large
White, Piétrain,
Duroc,
Hampshire)
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Boar taint sensitive
BONNEAU et
laboratory panel and
al. (1979;
insensitive consumer
1992b)
panel
Sensitivity to
androstenone or
skatole was NOT
BONNEAU et
considered in
al. (1992b)
sensory evaluation of
laboratory panel
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Table 32: Varieties of processed meat - ham

Processing

Elimination of boar taint
(compounds)

Cooked ham of boar meat, with levels of
0.07 ppm skatole and over 1 ppm
androstenone, were evaluated equally in
global acceptability and taste, compared
Cooked ham
to products with meat from gilts or
castrated males. For the odour of
cooked ham originating from boars,
preference was lower

Dry cured
ham

No differences were found in dry cured
ham produced from boar meat with
concentrations of 0.11 ppm skatole and
0.5-0.7 ppm androstenone, and boar
taint compounds were slightly lower
after processing. However, at higher
androstenone levels (1.5-2.3 ppm)
acceptability decreased

Concentration (ppm) of boar
taint compounds in basis
material

Breed, age or
weight of
animals

Sensitivity of the
testing persons

Author/year

Product skatole levels between
0.02 ppm and 0.2 ppm and
androstenone levels ranged
from 0.33 ppm and 5.18 ppm.

Crossbred boars
(Large White,
Landrace,
Piétrain; Duroc);
155 days of age;
91 kg weight

Androstenone
sensitive consumer
panel

CHEVILLON et
al. (2010b)

Levels of 0.11 ppm skatole and
0.5-2.3 ppm androstenone in
adipose tissue

Crossbred boars
(Large White,
Landrace,
Piétrain; Duroc);
155-176 days of
age

Androstenone
sensitive consumer
panel

CHEVILLON et
al. (2011b)

Boars with live
weight of 110 kg

N.c.

CLAUS et al.
(1985c)

Crossbreds
(Yorkshire,
Hampshire,
Duroc); slaughter
weight:
90.9-113.6 kg

Boar taint and
androstenone
sensitive panel
members

COKER et al.
(2009)

An obvious reduction in cooked, smoked 20.7 % of boars had
Pressed ham and cured products was found-45.8 %
androstenone levels of 1.0-4.0
for pressed ham
ppm in adipose tissue

Cooked and
cured ham

Cooked and cured hams achieved a
mean reduction of 29.1 % of total
androstenone concentration. An overall
acceptability was obtained in boar meat
products containing less than 1.0 ppm
androstenone. Meat from young boars
(up to 113.6 kg) could be used in fresh
and processed products

0.8-1.6 ppm androstenone in
lean and adipose tissue
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Table 32: Varieties of processed meat - ham

Processing

Elimination of boar taint
(compounds)

Concentration (ppm) of boar
taint compounds in basis
material

Androstenone content was decreased in
pressed ham and cooking ham (top side
and silverside) for 60 % and 54 %,
0.54-1.13 ppm androstenone;
respectively, but not eliminated. Skatole
Cooked ham
0.17 ppm mean skatole level in
elimination by 100 % was achieved in
adipose tissue
cooking ham). A reduction of skatole
concentration though processing was
observed in raw ham (60 %)
In overall acceptability, 28 %
unfavourable ratings were found for
1.21 ppm androstenone in
Cooked ham
cooked ham of boars compared to 23 % adipose tissue
for pork of the control group

Ham: dry
cured and
cooked

Cooked ham was acceptable with
androstenone content in raw fat above
1 ppm. However, Spanish dry cured
ham products with tainted meat were
accepted less, if the concentration of
androstenone in fat were higher than
0.5 ppm

Olfactory evaluation and
androstenone levels in back fat
samples, groups of low
(0.5 ppm) middle (0.5-1 ppm)
and high (> 1 ppm)
androstenone

200

Breed, age or
weight of
animals
Hybrids pigs
(BHZP); German
Landrace x
German Large
White; Piétrain x
German
Landrace;
93.7 kg and
111.4 kg live
weight
Large White
boars; 95-105 kg
live weight;
170-190days of
age

Commercial
boars and
barrows

Sensitivity of the
testing persons

Author/year

Only analytic
measuring

DEHNHARD et
al. (1995)

Sensitivity of boar
taint was NOT
considered in
consumer panel

DESMOULIN et
al. (1982)

Expert panel and
consumer panel

DIESTRE et al.
(1990)
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Table 32: Varieties of processed meat - ham
Concentration (ppm) of boar
taint compounds in basis
material

Breed, age or
weight of
animals

Processing

Elimination of boar taint
(compounds)

Sensitivity of the
testing persons

Raw ham

There was no perception for
androstenone (1.4 ppm) and skatole
(0.22 ppm) in raw ham. In cooked ham
androstenone (1.4 ppm) and skatole
0.7-1.4 ppm androstenone;
(0.22 ppm) were perceived. In pressed
0.12-0.22 ppm skatole
ham only skatole (0.22 ppm) was
detectable to 95 % but not androstenone
(1.15-1.4 ppm)

Smoked,
cooked ham

Androstenone levels in smoked, cooked
ham should be below 0.4 ppm and
0.2 ppm when served cold or warm,
Androstenone levels 0-6.5 ppm; Boars and
respectively. Cooking temperatures of
Skatole levels 0-12 ppm
barrows
70-90 °C have no effect on boar taint
perception in ham

N.c.

KRISTENSEN
et al. (2011)

Ham

High taint carcasses: 1.1 ppm
In ham the boar taint perception was
androstenone and 0.17 ppm
similar to female carcasses, but
skatole; low taint carcasses:
probably based on the cold consumption
0.25 ppm androstenone and
of these products
0.06 ppm skatole

Boar taint sensitive
panel

MCCAULY et
al. (1997)

Raw ham

Raw ham products were less objected
than others

Hybrids pigs
(BHZP); German
Landrace x
German Large
Androstenone
White; Piétrain x
sensitive testing
German
panel
Landrace;
93.7 kg and
111.4 kg live
weight

Boars with
85.9-89.0 kg
carcass weights

Two mean values of
Duroc boars with Androstenone
androstenone (2.2 and 4.2 ppm)
weight of
sensitive expert
and skatole (0.04 ppm) in
> 100kg
panel
adipose tissue
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Author/year

KLETTNER
and KÜHNE
(1995)

MÜLLER
(2010)
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Table 32: Varieties of processed meat - ham

Processing

Elimination of boar taint
(compounds)

Concentration (ppm) of boar
taint compounds in basis
material

Breed, age or
weight of
animals

Raw ham

A reduction of measured values of boar
taint compounds was found in raw ham
(about 50 %) and in raw sausages after
processing

Two mean values of
androstenone (2.2 and 4.2 ppm)
Duroc boars
and skatole (0.04 ppm) in
adipose tissue

Sensitivity of the
testing persons

Author/year

Androstenone
sensitive expert
panel

MÜLLER et al.
(2012)

For pure pork sausages and canned
ham, boar meat was preferred in
Canned ham contrast to cured, smoked ham as
preferred by the control group (barrows,
gilts, sows)

Sensory selection by meat
inspectors

In cooked ham meat with moderate
Cooked ham
odour was scored the worst

Strong odour: > 1.0 ppm AN,
> 0.22 ppm skatole; moderate
odour: 0.5-0.99 ppm AN,
Boars
< 0.22 ppm skatole; nondescript
odour: < 0.5 ppm AN, < 0.1 ppm
skatole

Androstenone
sensitive consumer

Levels of 0.1-3.5 ppm
androstenone; 0.015-0.51 ppm
skatole and 0.015-0.564 ppm
indole in adipose tissue

Boars

Professional and
TØRNGREN et
trained sensory panel al. (2011)

N.c.

Boars

N.c.

If smoked or cooked ham (70-90 °C)
was served cold (23 °C), all negative
attributes for odour were eliminated. But,
Smoked or
the reheating (65 °C) of ham before
cooked ham serving elevated boar taint sensation. To
avoid boar taint, meat with fat
androstenone levels below 0.4 ppm,
have to be used
Consumers found no differences in
Cooked ham cooked ham originating from boars and
those from castrated pigs
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Sensitivity of boar
Sensory
taint was NOT
PEARSON et
selection by meat considered in
al. (1971)
inspectors Boars sensory evaluation of
consumer panel
RUDOLPH and
GESSEL
(2012)

WALSTRA
(1979)
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Table 33: Varieties of processed meat - bacon

Processing

Elimination of boar taint
(compounds)

Concentration (ppm) of
boar taint compounds in
basis material

Breed, age or weight
of animals

Bacon

In wet cured (wet brined and dried)
belly bacon smell and taste were in
favour of castrates

Odour and flavour samples

Landrace x Large White
N.c.
boars; 90 kg live weight

Lardoons

Lardoons from boars were rated less Androstenone: >1.0 - <0.5
favourable when levels of skatole and ppm; Skatole
androstenone were high
>0.2 - <0.12 ppm

French pig population

Lardoons

Lardoons of boar meat, with levels of
0.07 ppm skatole and over 1 ppm
androstenone, were evaluated
equally in global acceptability and
taste, compared to products with
meat from gilts or castrated males

Product skatole levels
between 0.02 ppm and 0.2
ppm and androstenone levels
ranged from 0.33 ppm and
5.18 ppm.

Crossbred boars (Large
White, Landrace,
Androstenone
Piétrain; Duroc);
sensitive
155 days of age; 91 kg consumer panel
weight

Bacon

An obvious reduction in cooked,
smoked and cured products was
found - 20.8 % for bacon

20.7 % of boars had
Boars with live weight of
androstenone levels of
N.c.
110 kg
1.0-4.0 ppm in adipose tissue

Bacon

Boar bacon had a better overall
acceptance than bacon from
castrated pigs, and boar bacon with
stronger aromas was evaluated to be N.c.
more appetising. Consumers were
unable to differentiate between bacon
from boars and castrates

Sensitivity of the
Author/year
testing persons

Consumer panel,
not tested for
androstenone
sensitivity

Laboratory panel
Boars with 83.26 kg live was tested for
weight
androstenone
sensitivity
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ANASTASIJEVIC
et al. (1985)
BÉAGUE et al.
(1997)

CHEVILLON et al.
(2010b)

CLAUS et al.
(1985c)

COWAN and
JOSEPH et al.
(1981)
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Table 33: Varieties of processed meat - bacon

Processing

Elimination of boar taint
(compounds)

Bacon

Bacon

Bacon

Bacon

Salted
bacon

Concentration (ppm) of
boar taint compounds in
basis material

Breed, age or weight
of animals

Sensitivity of the
Author/year
testing persons

Bacon showed a significant sex effect Levels of androstenone in
with lower scoring for bacon from
salivary glands were
intersexes and entire male pigs
measured, but not noticed

Boars with 77-109 kg
live weight

Sensitivity of boar
taint was NOT
GULLETT et al.
considered in
(1993)
consumer panel

In bacon and belly of pork
androstenone (1.4 ppm) and skatole
(0.22 ppm) were perceived

0.7-1.4 ppm androstenone;
0.12-0.22 ppm skatole

Hybrids pigs (BHZP);
German Landrace x
German Large White;
Piétrain x German
Landrace; 93.7 kg and
111.4 kg live weight

Androstenone
sensitive testing
panel

KLETTNER and
KÜHNE (1995)

Androstenone levels
0-6.5 ppm; Skatole levels
0-12 ppm

Boars and barrows

N.c.

KRISTENSEN et
al. (2011)

N.c.

Boars

N.c.

LESSER et al.
(1977)

Androstenone
sensitive and non
sensitive
consumer panel

LUNDE et al.
(2013)

The cold serving of smoked, streaky
bacon was recommended with
androstenone and skatole levels
below 0.9 ppm and 0.8 ppm,
respectively
No difference in the assessment of
bacon from boars or castrates was
noted. On the contrary, a strong
aroma was concurrent associated
with an appetising effect
Consumers accepted dry salted
bacon with higher levels of skatole
(up to 0.35 ppm instead of 0.21 ppm)

1.27-1.61 ppm androstenone;
Boars
0.31-0.43 ppm skatole
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Table 33: Varieties of processed meat - bacon

Processing

Bacon

Luncheon
meat

Bacon

Bacon

Elimination of boar taint
(compounds)

Concentration (ppm) of
boar taint compounds in
basis material

High taint carcasses:
1.1 ppm androstenone and
Processing to bacon did not decrease
0.17 ppm skatole; low taint
the sensation in meat with high levels
carcasses: 0.25 ppm
of boar taint
androstenone and 0.06 ppm
skatole
When utilising boar meat with strong
odour, a dilution of 25 % boar meat in
coldly consumed products and a
dilution of only 12 % when consumed
N.c.
warm is more recommended than
processing tainted meat. Boar taint
remained recognisable in cuts being
heated in closed pans
Between bacon from boars or
castrated male pigs, there was no
Concentration of 0.08-3.2
difference in flavour and acceptability ppm androstenone in
probably as a result of volatilisation of adipose tissue
androstenone during cooking
90 % of the people tasting and
cooking boar bacon obtained
satisfaction. Carcasses with
Selection of carcasses by
androstenone contents above 1 ppm trained smelling panel
should be eliminated and not be used
for bacon manufacturing
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Breed, age or weight
of animals

Sensitivity of the
Author/year
testing persons

Boars with 85.9-89.0 kg Boar taint
carcass weights
sensitive panel

MCCAULY et al.
(1997)

Young breeding boars
with 100 kg live weight

Consumer testing
panel, not tested
for androstenone
sensitivity

MOERMAN and
WALSTRA (1978)

Hybrid boars (Large
White x Camborough);
146 and 166 days of
age

Androstenone
sensitive testing
panel

MOTTRAM et al.
(1982)

Landrace, Large White
Sensitivity of boar
and Saddleback boars;
taint was NOT
RHODES (1971)
200 days of age; 108 kg
considered
carcass weight
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Table 33: Varieties of processed meat - bacon

Processing

Bacon

Bacon

Bacon

Elimination of boar taint
(compounds)

Concentration (ppm) of
boar taint compounds in
basis material

In bacon, meat with moderate odour
was scored the worst

Strong odour: >1.0 ppm AN,
>0.22 ppm skatole; moderate
odour: 0.5-0.99 ppm AN,
Boars
<0.22 ppm skatole;
nondescript odour: <0.5 ppm
AN, <0.1 ppm skatole

In a comparison, bacon from boar, gilt
and castrates, the bacon from boars
reached 95 % consumer satisfaction. N.c.
However, a complete elimination of
boar taint could not be achieved
Consumers found no differences in
bacon originating from boars and
N.c.
those from castrated pigs
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Breed, age or weight
of animals

Sensitivity of the
Author/year
testing persons

Androstenone
sensitive
consumer

RUDOLPH and
GESSEL (2012)

Boars with 89 kg live
weight

Experienced
testing panel

SMITH et al.
(1983a;1983b)

Boars

N.c.

WALSTRA (1979)
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Table 34: Varieties of processed meat - salami

Processing

Elimination of boar taint
(compounds)

Cooking reduced androstenone
Salami,
(45.9 %) more distinctly than
maturation: n.c.; maturing (23 %) and both
cooked ham
increased the consumer
acceptability

Concentration (ppm) of
boar taint compounds in
basis material

Breed, age or weight of Sensitivity of the
animals
testing persons

Author/year

1.21 ppm androstenone in
adipose tissue

95 kg and 107 kg live
weight; Large White

Laboratory analysis

BONNEAU et
al. (1980)

0.54-1.13 ppm
androstenone; 0.17 ppm
mean skatole level in
adipose tissue

Hybrids pigs (BHZP);
German Landrace x
German Large White;
Piétrain x German
Landrace; 93.7 kg and
111.4 kg live weight

Only analytic
measuring

DEHNHARD et
al. (1995)

Boars

Sensitivity of boar
taint was NOT
HEID et al.
considered in sensory
(2011)
evaluation of
consumer panel

Salami,
maturation: 3-4
days

No reduction of the skatole or
androstenone levels was observed
producing salami

Salami

The overall acceptability for salami
without boar tainted meat was
slightly higher. 52.9 % of the male
N.c.
and 37 % of the female participants
perceived salami from boar meat
better than from untainted meat

Salami,
maturation: n.c.

In salami androstenone (1.4 ppm)
and skatole (0.22 ppm) were
perceived

Hybrids pigs (BHZP);
German Landrace x
0.7-1.4 ppm androstenone; German Large White;
0.12-0.22 ppm skatole
Piétrain x German
Landrace; 93.7 kg and
111.4 kg live weight
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Androstenone
sensitive testing
panel

KLETTNER
and KÜHNE
(1995)
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Table 34: Varieties of processed meat - salami

Processing

Elimination of boar taint
(compounds)

Concentration (ppm) of
boar taint compounds in
basis material

Salami;
(standard
commercial
practice)

In salami the boar taint perception
was similar to female carcasses,
but probably based on the cold
consumption of this product

High taint carcasses:
1.1 ppm androstenone and
0.17 ppm skatole; low taint Boars with 85.9-89.0 kg
carcasses: 0.25 ppm
carcass weights
androstenone and
0.06 ppm skatole

Boar taint sensitive
panel

MCCAULY et
al. (1997)

Fermented
sausages,
maturation
3 days

Lower average acceptability of
salami with high androstenone
levels compared to salami with low
levels. Lower rating of highly
tainted fermented sausages (6 %)
in contrast with loins of boars
(20.7 %)

Salami: 1.59 ppm AN;
0.04 ppm skatole;
0.04 ppm indole

Piétrain (Large White x
German Landrace)

Androstenone and
skatole sensitive
expert panel and
consumer panel

MEIERDINKEL et al.
(2013a; 2013c)

Raw fermented
meat products,
maturation: 13 days

Androstenone concentration was
reduced in mould-ripened and
cured raw products; the aroma of
mould seemed to mask

Two mean values of
androstenone (2.2 and
4.2 ppm) and skatole
(0.04 ppm) in adipose
tissue

Duroc boars

Androstenone
MÜLLER et al.
sensitive expert panel (2012)
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Breed, age or weight of Sensitivity of the
animals
testing persons

Author/year
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Table 35: Varieties of processed meat - sausages

Processing

Elimination of boar taint (compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Sausages

Promising products for masking boar taint were
products being prepared with low heat, like
scalded sausages and liver sausages, as well as
cold consumption of raw sausages

Analysis of
androstenone, skatole
and indole

Levels of androstenone
in adipose tissue,
Rillettes, cold Rillettes and cold sausages with garlic from entire
between 0.61 ppm
sausages
male pigs were scored less, by a laboratory panel
(Landrace) and
1.75 ppm (Piétrain)
Salami,
maturation:
n.c.; cooked
ham

Sensitivity of
the testing
persons

Author/year

Duroc boars

Androstenone
sensitive tester

ANONYM (2011)
(cited by MÜLLER
2010)

Landrace and
Piétrain boars;
90-110 kg live
weight

Boar taint
sensitive
laboratory
panel and
insensitive
consumer
panel

BONNEAU et al.
(1979)

Laboratory
analysis

BONNEAU et al.
(1980)

Cooking reduced androstenone (45.9 %) more
95 kg and 107 kg
1.21 ppm androstenone
distinctly than maturing (23 %) and both increased
live weight; Large
in adipose tissue
the consumer acceptability
White

Fresh and dry sausages of boar meat, with levels
of 0.07 ppm skatole and over 1 ppm
Fresh and dry
androstenone, were evaluated equally in global
sausages
acceptability and taste, compared to products with
meat from gilts or castrated males

Bologna
sausages

Breed, age or
weight of
animals

An obvious reduction in cooked, smoked and
cured products was found - 4.5 % for Bologna
sausages

Product skatole levels
between 0.02 ppm and
0.2 ppm and
androstenone levels
ranged from 0.33 ppm
and 5.18 ppm.

Crossbred boars
(Large White,
Landrace,
Piétrain; Duroc);
155 days of age;
91 kg weight

Androstenone
sensitive
consumer
panel

CHEVILLON et al.
(2010b)

20.7 % of boars had
androstenone levels of
1.0-4.0 ppm in adipose
tissue

Boars with live
weight of 110 kg

N.c.

CLAUS et al.
(1985c)
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Table 35: Varieties of processed meat - sausages
Concentration (ppm)
of boar taint
compounds in basis
material

Breed, age or
weight of
animals

0.54-1.13 ppm
androstenone;
0.17 ppm mean skatole
level in adipose tissue

Hybrids pigs
(BHZP); German
Landrace x
German Large
Only analytic
White; Piétrain x
measuring
German Landrace;
93.7 kg and
111.4 kg live
weight

Processing

Elimination of boar taint (compounds)

Liver
sausages,
Frankfurter
sausages,
scalded
sausages,

Skatole was decreased in fully conserved liver
sausages (by liver enzymes, 25 % skatole
remained). A skatole reduction was reached by
the smoking process (reaction with
formaldehyde). A reduction of skatole
concentration though processing was observed in
scalded sausages (23-39 %) and in Frankfurter
sausages (62-64 %). In contrast, at processing to
conserve scalded sausages (5-10 %) no reduction
of the skatole or androstenone levels was
observed

Liver
sausages,
scalded
sausages,
Frankfurter
sausages,
blood
pudding

In impermeable to water vapour scalded
sausages and canned liver sausages;
androstenone (1.4 ppm) and skatole (0.22 ppm)
0.7-1.4 ppm
were perceived. In fresh blood pudding only
androstenone;
skatole (0.22 ppm) was detectable to 95 % but not
0.12-0.22 ppm skatole
androstenone (1.15-1.4 ppm). Warmly consumed
Frankfurter sausages containing androstenone
(0.7 ppm) were distinguished as tainted

Smoking
sausages

Smoking sausages had a significant effect on
masking boar taint

0.50-0.75 ppm
androstenone;
0.021-0.034 ppm
skatole

Traditional
sausage
production

The only attributes being gender-dependent were
the salt content and the overall acceptability

Sensory evaluation
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Sensitivity of
the testing
persons

Hybrids pigs
(BHZP); German
Landrace x
German Large
Androstenone
White; Piétrain x
sensitive
German Landrace; testing panel
93.7 kg and
111.4 kg live
weight
Trained
sensory panel,
Boars
androstenone
sensitive
Boars of 5
commercial
Boar taint
genotypes;
sensitive panel
carcass weight
71.8 kg

Author/year

DEHNHARD et al.
(1995)

KLETTNER and
KÜHNE (1995)

LINDAHL et al.
(2007)

MATTHEWS et al.
(1997)
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Table 35: Varieties of processed meat - sausages
Concentration (ppm)
of boar taint
compounds in basis
material

Breed, age or
weight of
animals

Sensitivity of
the testing
persons

For androstenone sensitive persons, the strongest
sensation for androstenone was found in coldly
served scalded sausages, being processed with
Sausages:
high temperatures. Surprisingly, concentrations
coldly served, for androstenone, skatole and indole in products
scalded,
were lower after treatment like canned sausages.
canned, liver There was a better evaluation by androstenone
sausages
insensitive persons for served canned sausages
and liver sausages with increasing levels of
androstenone - more intensive meat aroma/firm to
the bite

Two mean values of
androstenone (2.2 and
4.2 ppm) and skatole
(0.04 ppm) in adipose
tissue

Duroc boars with
weight of > 100kg

Androstenone
sensitive expert MÜLLER (2010)
panel

A reduction of measured values of boar taint
compounds was found in raw sausages after
processing. However, odourless boar meat had to
be used for processing, because the perception of
boar odour differentiated from aromatically to total
rejection

Two mean values of
androstenone (2.2 and
4.2 ppm) and skatole
(0.04 ppm) in adipose
tissue

Duroc boars

Androstenone
MÜLLER et al.
sensitive expert
(2012)
panel

Sensory selection
by meat
inspectors Boars

Sensitivity of
boar taint was
NOT
considered in
sensory
evaluation of
consumer
panel

Processing

Raw
sausages

Sausages,
separate
rooms for
preparing and
dining

Elimination of boar taint (compounds)

For pure pork sausages, boar meat was
preferred. Utilisation of boar meat seemed to be
possible for most products as long as the kitchen
and dining areas were separated

Sensory selection by
meat inspectors
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Author/year

PEARSON et al.
(1971)
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Table 35: Varieties of processed meat - sausages

Processing

Elimination of boar taint (compounds)

Concentration (ppm)
of boar taint
compounds in basis
material

Frankfurter
sausages

Meat with medium content on boar taint could be
used in Frankfurter sausages; sausages with not
more than 50-75 % strong boar tainted pork were
passable. The limit of dilution was achieved at
75 % (pork with strong boar odour)

Hot iron method

Boars

Trained test
panel

PLIMPTON et al.
(1976)

Sausages

Sausages from meat of boars were evaluated to
have a better flavour and a normal odour by a
consumer pane

Sensory evaluation by
consumer panel

Boars with 100 kg
live weight

Sensitivity of
boar taint was
NOT
considered

RHODES and
KRYLOW (1976)

Strong odour:
>1.0 ppm AN,
>0.22 ppm skatole;
moderate odour:
0.5-0.99 ppm AN,
<0.22 ppm skatole;
nondescript odour:
<0.5 ppm AN,
<0.1 ppm skatole

Boars

Androstenone
sensitive
consumer

RUDOLPH and
GESSEL (2012)

Boars

Androstenone
sensitive
panellists

STOLZENBACH
et al. (2009)

In Frankfurter sausages and dry sausages, meat
with moderate odour was scored the worst. The
main reason was a flavourless taste. The best
Frankfurter
evaluation in Frankfurter sausages was given for
sausages,
samples with strong odour or originating from
raw sausages castrated male pigs. For little raw sausages,
samples with strong odour were scored the best.
For some products, recipes had to be adjusted to
boar meat
Swedish
fermented
sausages

In traditional Swedish fermented sausages with
low contents of boar taint compounds in fat, liquid
smoke masked the sensation of boar taint.
However, it failed to mask the boar taint
perception sufficient in sausages with high levels
of androstenone and skatole in fat

2.0-7.4 ppm
androstenone;
0.2-0.89 ppm skatole
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Sensitivity of
the testing
persons

Author/year
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Table 35: Varieties of processed meat - sausages
Concentration (ppm)
of boar taint
compounds in basis
material

Breed, age or
weight of
animals

Sensitivity of
the testing
persons

Author/year

Smoked
sausages

In smoked sausages (pasteurized and vacuum
packed) boar taint remained detectable even
Fat samples were
when consumed cold. However, the skatole value evaluated by meat
in the sausages was decreased to one fifth of the inspectors
original amount

Boars with
<80-100 kg live
weight

Trained expert
panel and not
trained
consumer
panel

WALSTRA (1974)

Sausages

In sausages tainted boar meat could be added up
to 40 %, because the strong odour of liver could
N.c.
mask boar taint

Boars

Boar taint
sensitive panel
members

WILLIAMS et al.
(1963)

Processing

Elimination of boar taint (compounds)
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Table 36: Other processing methods
Concentration
(ppm) of boar taint
compounds in
basis material

Processing

Elimination of boar taint (compounds)

Freeze dried

Freeze-dried lean tissue of a boar was freed of fat
by ether extraction. While boiling in water, this
tissue exhibited no detectable amount of sexual
N.c.
odour. Compounds of sex odour were embedded in
fatty tissue and could perhaps separate by selective
extraction procedures

High pressure
Treatment with high pressure steam distillation led
steam distillation to a complete lack of undesirable aroma

Polyphosphate

Uperisation

Selected by meat
inspectors

Injection of solutions with low and high pH and
polyphosphate (3 % and 5 %) into pork was
investigated to increase water-holding capacity and
juiciness and tenderness after cooking. No
N.c.
differences between boars and gilts were found.
However, in polyphosphate-treated pork, flavour
intensity was lower, and therefore, abnormal flavour
could be more palpable

The coping process of uperisation intensified the
perception of boar taint

Breed, age or
Sensitivity of the
weight of
Author/ year
testing persons
animals

Boars;
18 months of
age

N.c.

CRAIG and
PEARSON
(1959)

Boars

Untrained panel

LARD, cited by
PEARSON et al.
(1969)

Large White x
Landrace
Assessors were
boars with
trained for
average live
abnormal flavour
weight of 87 kg

Mean value of
androstenone
Duroc boars
(0.7 ppm) and
with weight of
skatole (0.12 ppm) in >100 kg
adipose tissue
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Table 37: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for androstenone
QTL on SSC

SNP/Marker

Candidate gene (enzymes)/
nuclear receptor

Author

7, 13,14

N.c.

N.c.

BIDANEL et al. (1997)

3, 4, 7

N.c.

N.c.

BIDNAEL et al. (2000)

Large White x Meishan

3, 4, 7, 14 and at the
end of the long arm
of SSC 6 and 9

N.c.

N.c.

BIDANEL and
ROTHSCHILD (2002)

Large White x Landrace;
Meishan x Landrace

N.c.

N.c.

CYP 2E1, 3β-HSD

DORAN et al. (2003)

Large White x Meishan

3, 7, 14

N.c.

CYP 21, CYP 11A

QUINTANILLA et al.
(2003)

N.c.

N.c.

3β-HSD

DORAN et al. (2004)

6

N.c.

CYP2A

LIN et al. (2004a)

Yorkshire, Duroc, Landrace,
and Piétrain breeds, as well
as crosses

3

N.c.

SULT 1A (1-4)

LIN et al. (2004b)

Pig cells of the “HepG2” cell
line

N.c.

N.c.

COUP-TF1, HNF-1

TAMBYRAJAH et al.
(2004)

Race
French Large White;
Landrace
French Large White;
Landrace

Large White x Landrace;
Meishan x Landrace
Yorkshire, Duroc, Landrace,
and Piétrain and crosses
between
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Table 37: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for androstenone
Race

QTL on SSC

SNP/Marker

Candidate gene (enzymes)/
nuclear receptor

Author

Yorkshire, Duroc, Landrace,
and Piétrain breeds, as well
as crosses

1

N.c.

CYP 17, CYB 5A

LIN et al. (2005a;
2005b)

Yorkshire

N.c.

HST

N.c.

SINCLAIR and
SQUIRES (2005)

Large White x Meishan

2, 4, 6, 7, 9

N.c.

N.c.

LEE et al. (2005)

Crossbreds of Large White,
Landrace and Meishan

4

N.c.

HSD 3B (1-2)

NICOLAU-SOLANO et
al. (2006)

SINCLAIR et al. (2006)

CHEN (2007)

Yorkshire

6

N.c.

SULT 2A1, Constitutive Androstane
Receptor (CAR), Pregnane X
Receptor (PXR) and Farnesoid X
Receptor (FXR)

Landrace; Yorkshire

N.c.

N.c.

3β- HSD,
17β-HSD
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Table 37: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for androstenone
Race

QTL on SSC

SNP/Marker

Candidate gene (enzymes)/
nuclear receptor

Author

MOE et al. (2007b)

Duroc; Norwegian Landrace

N.c.

N.c.

CYP 17,
CYB 5, SULT 2A1, SULT 2B1,
AKR1C4, GSTO1, MGST1,
HSD 17B4, STAR,
FDX1, CYP 11A1, ALAS1,
CYP 19A2, CYP 19A1, SMPD1,
nuclear receptors, androgen
receptors, factors of translation and
transcription

Duroc, Hampshire, Landrace,
Large White, Large
White/Duroc, Piétrain, Sire
Line Synthetic, Yorkshire

N.c.

N.c.

CYB 5A

PEACOCK et al. (2008)

Duroc, Hampshire, Yorkshire,
Landrace

3, 4, 7, 14

CYP 2E1, CYP 2A, SULT 1A1,
CYB 5

N.c.

PIGCAS (2008)

N.c.

No effect of 3β- HSD on
androstenone

Duroc, Large White, Piétrain
N.c.
Large White x Piétrain
Duroc
N.c.
Norwegian Landrace

Mutation of “T” allele in gene
“73”

N.c.

CYP 2D6, CYP 2C49, NGFIB,
CTNND1
CYP 2D6, CYP 2C49, NGFIB,
CTNND1

N.c.
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Table 37: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for androstenone
Race

QTL on SSC

SNP/Marker

Candidate gene (enzymes)/
nuclear receptor

Author

Duroc

1, 6

N.c.

CYP 2A6 and HSD 17B14

DUIJVESTEIJN et al.
(2010)

N.c.

↑ CYP 17A1, STAR; AKR 1C4,
DHR S4; FTL, SULT 2A1,
CYP 11A1, CYB 5A, HSD 17B4,
PGRMC1,
↓ CYP 19A2

Landrace
N.c.

↑ CYP 17A1, STAR, AKR 1C4,
DHRS4, FTL, SULT 2A1,
CYP 11A1, CYB 5A, HSD 17B4;
↓CYP 21

Duroc

French Large White

Yorkshire

1, 3, 9, 11, 13

3, 6, 7, 14

GRINDFLEK et al.
(2010)

N.c.

N.c.

LE MIGNON et al.
(2010)

SULT 2A1, AKRC1

↑ HSB 17B4, FDX1, CYP 11A1,
DHRS4, PRDX1,
CYB 5, CYP 17A1,
FTL, IDI1, STAR, SUL T2A1,
RDH12

LEUNG et al. (2010)
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Table 37: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for androstenone
Race

QTL on SSC

SNP/Marker

Candidate gene (enzymes)/
nuclear receptor

Author

Landrace

1(a,c,d), 2 (a-c), 3
(a,b), 4, 5(a,b), 6,
7(a,b), 9, 10, 11(a,b),
13 (a,b), 15, 18 (a,b)

N.c.

N.c.

GRINDFLEK et al.
(2011a)

Duroc

1(a,b); 2 (a,b); 3(a);
4; 5(a); 6; 7(a-c); 10,
11(a); 13(a), 15(a)

Duroc and Landrace

3, 4, 6, 13 and 15; 6
only androstenone in
plasma

N.c.

N.c.

GRINDFLEK et al.
(2011b)

(Landrace x Yorkshire) x
Duroc

N.c.

N.c.

3β-HSD mRNA increased by chicory

RASMUSSEN et al.
(2012)

N.c.

mRNA influenced by SQL:
artemisinin and scoparone
decreased SULT 2A1, lactucin
increased SULT 2A1, 3ß-HSD

RASMUSSEN and
EKSTRAND (2014)

N.c.

SQL increased mRNA: artemisinin –
CYP 1A2, CYP 3A29, CYP 2D33,
CYP 2D25, AhR, CAR, PXR;
scoparone – CYP 1A2, CYP 2D25,
AhR, CAR; lactucin – CYP2A19,
CYP 2D25, CYP 2E1, CAR;
esculetin – CYP 1A2, AhR

RASMUSSEN et al.
(2014)

(Landrace x Yorkshire) x
Duroc

(Landrace x Yorkshire) x
Duroc

N.c.

N.c.
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Table 37: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for androstenone
Race

QTL on SSC

Duroc

3, 5, 6, 12, 14

Danish Landrace

2, 7, 11, 12

Yorkshire

N.c.

Testis:
3, 4, 7, 13, 14;

Duroc x (Large White x
(Leicoma x German
Landrace))

Danish Landrace

SNP/Marker

Candidate gene (enzymes)/
nuclear receptor

Author

N.c.

CYB 5A, SRD5A2, LOC100518755,
CYP 21A2
CYB 5A, SRD5A2, LOC100518755,
CYP 21A2

GERGERSEN et al.
(2012)

N.c.

CAR, PXR and FXR

GRAY and SQUIRES
(2013)

Testis: (SNPs) on SSC3:
HAB2 (2), LOC100516362 (1),
IRG6 (1); on SSC4: CD244
(1), on SSC7: DSP (2), ARG2
(1); on SSC13: MX1 (1); on
SSC14 IFIT2 (2);

Testis: DKK2, KRT 82; CYP 2B22;

GUNAWAN et al.
(2013a)

Liver:
4, 5, 7, 9, 14

Liver on SSC4: CYP7A1 (8),
on SSC5: KRT8 (6), KRT18
(6), HAL (1); on SSC7:
HIST1H4K (1), CDKN1A(1); on
SSC9;
TSKU (1), NNM1 (1),
On SSC 14: MBL2 (7), SDS
(2)

Liver: LOC100512122,
LOC100511195, IP6K1, HSD 17B2,

5, 13, 17

H3GA0016037,
ASGA0025097

RDH 5, RDH 16, HSD 17B6
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Table 38: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for skatole
Race

QTL on SSC

SNP/Marker

Candidate gene
(enzymes)/Exon

Author

Wild Pig x Yorkshire

N.c.

N.c.

CYP 2A6, AO

DIAZ and SQUIRES
(2000a; 2000b)

Large White x
Landrace; Meishan x
Landrace

N.c.

N.c.

CYP 2E1, 3β-HSD

DORAN et al. (2003)

Large White x Meishan

6, 13, 14

N.c.

N.c.

LEE et al. (2005)

Large White x Meishan

14

N.c.

CYP 2E1

SKINNER et al. (2005)

Landrace

6

N.c.

N.c.

VARONA et al. (2005)

Yorkshire, Duroc,
Landrace, and Piétrain
breeds, as well as
crosses

N.c.

CYP2E1

N.c.

LIN et al. (2006)

Large White x Meishan

7, 12

N.c.

N.c.

BIDANEL et al. (2006)

Duroc, Hampshire,
Landrace, Large
White, Large
White/Duroc, Piétrain,
Sire Line Synthetic,
Yorkshire

N.c.

N.c.

CYB 5A

PEACOCK et al. (2008)

6

CYP2E1 (Lin et al. 2006; Skinner et al. 2005),
CYP2A (Lin et al. 2004a), SULT1A1 (Lin et al.
2004b) and CYB5 (Skinner et al. 2006);

N.c.

PIGCAS- PROJECT
(2008)

Duroc, Hampshire,
Yorkshire, Landrace
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Table 38: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for skatole
Race
Duroc

QTL on SSC
N.c.

Norwegian Landrace

SNP/Marker
CYP2E1, CYP21

Candidate gene
(enzymes)/Exon

Author

N.c.

MOE et al. (2009)

CYP2E1

Duroc, Large White

CYP 2E1
N.c.

N.c.

No effect of
CYP 2E1

Danish Landrace

14

STSG, CYP 2E and TXNL

N.c.

KARACAÖREN et al.
(2010)

French Large White

1,3, 7, 8, 9, 13, 14

N.c.

N.c.

LE MIGNON et al. (2010)

Landrace

1(a), 5, 6(a,b),
7(a,b), 10(a,b), 11,
14(a,b)

N.c.

N.c.

GRINDFLEK et al.
(2011a)

N.c.

N.c.

GRINDFLEK et al.
(2011b)

N.c.

Increased
CYP 1A2, CYP 2A,
CYP 2E1, MROD,
COH by chicory

RASMUSSEN et al.
(2011b)

Piétrain

Duroc

1(a), 7(a,b), 13,
14(b)

Duroc and Landrace

1, 2, 3, 7, 13 and 14

(Landrace x Yorkshire)
x Duroc

N.c.
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Table 38: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for skatole
QTL on SSC

SNP/Marker

Candidate gene
(enzymes)/Exon

Author

Duroc sire line

only on 6

16 (region 1: MARC0019446; ASGA0084674;
region 2: MARC0044930; ASGA0096130;
ASGA0098975;ALGA0107039; ALGA0116170 ;
ALGA0115841; ALGA0110693; region 3:
ALGA0115538; MARC0034202; ALGA0034369;
MARC0067306; MARC0019712; isolated
markers: MARC0009863; ALGA0113531)

non

RAMOS et al. (2011)

Duroc
Danish Landrace
Yorkshire

3
9
9

N.c.

N.c.

GERGERSEN et al.
(2012)

SERPINA12,
KRT8; ATP5B,
KRT8, PGM1,
CYP 4A25,
COX 5A,
SLC 22A7,
PRD X1,
HSD 17B2, IDH1

GUNAWAN et al. (2013b)

Race

On SSC 5: KRT8, ATP; on SSC6: PGM1,
CYP4 A25, PRD X1; on SSC7: SLC22A7,
DHR S4 and on SSC 15: IDH1.

Duroc x (Large White x
(Leicoma x German
Landrace))

SSC 5, 6, 7, 15

Duroc, Yorkshire,
(Dutch and Finish)
Landrace, Piétrain,
Large White

6

On SSC 6

SULT 2A1

HIDALGO et al. (2014a)

Danish Landrace

14 (high significant);
3, ,5, 6, 8

On SSC 14: SIRI000094; on SSC 6:
MARC0040638

CYP 2E1;
HSD 17B2

ROWE et al. (2014)
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Table 39: Breed-specific QTL on SSC/SNPs/candidate gene/receptors for indole
Race

QTL on SSC

SNP/Marker

Candidate gene (enzymes)

Author

Large White x Meishan

13, 14

N.c.

N.c.

LEE et al. (2005)

Large White x Meishan

2, 6, 7

N.c.

N.c.

BIDANEL et al. (2006)

N.c.

MOE et al. (2009)

N.c.

GRINGFLEK et al. (2011b)

Duroc
N.c.
Norwegian Landrace

CYP 2E1,
CYP 21
CYP 2E1

Duroc and Landrace

1, 2, 3, 7, 13, 14

Duroc

10

Danish Landrace

6, 11, 14, 15

Yorkshire

14

N.c.

SULT 1A1 on SSC3 Sscrofa 9, CYP 2E1on SSC 14
N.c.

SULT 1A1 on SSC3 Sscrofa 9 CYP 2E1on SSC 14
N.c.
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