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Abstract— Production of entire males with the possibility of
boar tainted products reaching the consumer and a lack of
international acceptance of pork from intact boars will cause a
major threat to the total pork production chain. Advantages of
producing entire males will be increased pig welfare, higher
production efficiency for producers and a better perception by
consumers. This paper summarizes the possibilities to reduce
tainted pork reaching the consumer by 1) prevention and
reduction of boar taint in the live animal, and 2) detection of
tainted carcasses and use of tainted products in further
processed meats. Significant reduction is possible through
genetic selection, feed and farm management, which should be
important future research areas. This will take time and a will
not lead to 100% boar taint free products. An international
accepted and reliable on-line detection method in the meat
processing plants is not yet available, and current detection
research only focuses on androstenone and skatole as causative
agents of boar taint. There is, however, growing evidence that
these two compounds only explain part of the variation in boar
taint as experienced by consumer taste panels. A cost-effective
on-line detection system has to be developed, which only has a
limited number of false positive and false negative carcasses. In
the mean time castration with minimal pain is a viable option.
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I. INTRODUCTION

THE production of entire male pigs for meat has
advantages in terms of welfare for the male pig,
production efficiency for the farmer, and perception of
animal welfare for the consumer [1]. Castration of pigs has
traditionally been carried out in most countries across the
world to prevent the occurrence of boar taint.

Boar taint is a distinctive and unpleasant taint perceived
through a combination of sensory odor, flavor, and taste in
pork and pork products during cooking and eating. The
incidence of boar taint reported in literature is very variable,
ranging from 10 to 75% [2, 3, and 4]. Part of this variation
is caused by the cut-off points used for definition of boar
taint, which are based on some of the known chemical
compounds of boar taint (androstenone and skatole).

Androstenone acts as a male pheromone in pigs and is
closely linked to testicular function, while skatole is formed
in the gut by microbial degradation of tryptophane [5]. Both
androstenone and skatole are highly fat soluble. Although

both skatole and androstenone contribute to boar taint, there
is evidence that they cannot completely account for the
occurrence of boar taint as determined by a taste panel [6].

The first threat from the production of entire males will
be consumer rejection of tainted pork. A recent study on
boar taint carried out in 7 different European countries
showed that overall 6.5% more consumers would be
dissatisfied with the odor of entire male pork than with that
of gilt meat. The difference between countries ranged from
6.1 to 10.2% for odor and from 2.4 to 6.3% for flavor [1, 7].
Furthermore, there is no international acceptation of pork
produced from entire males. This is a second important
threat, which is particularly relevant for export oriented
countries and companies.

This short paper will focus on the possibilities to produce
entire males. There will be several ways to reduce and
ultimately prevent occurrence of boar taint at the consumer
level. First of all by reducing and preventing boar taint in
the live animal. The second way is by detection,
canalization, and usage of tainted pork in the production
chain.

II. PREVENTION AND REDUCTION OF BOAR TAINT

A. Castration with minimal pain

In a recent Dutch study the effect of local and systemic
analgesia to reduce pain at castration was studied [26].
Local anaesthesia before castration led, compared to
castration without anaesthesia, to a significant reduction of
pain- and stress response during castration. A drawback is
that injecting lidocaine in the testicles might lead to an
additional pain response.

Regarding pain after castration, it was concluded that use
of local anaesthesia led to an increase in pain related
behaviour during the four days following castration. This
disadvantage can be overcome by administration of an
additional analgesic (meloxicam). Overall, piglets that
received meloxicam before castration exhibited less pain
related behaviour during the first days after castration.

The same study showed that inhalation anaesthesia with
carbon dioxide has advantages over lidocaine
administration. Advantages are complete analgesia and loss
of consciousness at the time of castration, and a possibility
of using this phase to perform other (painful) procedures.

An additional study showed that CO2 could be
administered safe, meaning no additional dying of piglets.
CO2 is now broadly used in The Netherlands to prevent
pain during castration of piglets and to prevent occurrence
of boar taint. This is a temporary solution and the different



stakeholders from the Dutch pork production chain have
agreed to focus research and development on scientifically
based boar taint free pork production and to stop castration
in 2015.

Immunocastration has been used in some parts of the
world as an alternative to surgical castration [28]. This may,
however, not be a viable option as it still requires injections
and physical impact on pigs, and because of issues with
consumer acceptation. A Swiss study showed that the
acceptance of consumers to buy meat from immunocastrated
pigs was low. Among the proposed alternative methods, the
production of entire males, immunocastration and castration
with anesthesia, only the last one seems to be acceptable for
the Swiss consumer [24].

B. Genetic selection

The level of boar taint is affected by genetic factors, and
distinct breed differences have been identified [10]. High
heritability of both androstenone (range from 0.25 to 0.87)
and skatole (from 0.23 to 0.55) facilitates selection of pigs
against boar taint [11, 12].

Selection of boars with low androstenone and skatole
levels should be possible provided that fertility or other
production characteristics are not negatively affected.
Application of traditional breeding schemes in combination
with modern genome analysis and DNA marker techniques
will be able to reduce levels of androstenone and skatole
[10, 29, 30].

This will take at least 3 to 5 years and than there will still
be boars in the population with elevated androstenone or
skatol levels, because of the natural variation. Nevertheless,
the use of low androstenone and skatole boar lines will be
able to reduce tainted pork significantly.

C. Feed and farm management

High energy feeding has been shown to increase levels of
both androstenone and skatole by acceleration the onset of
pubertal development [14]. Skatole is the main component
that can be influenced by feeding. Dietary changes may
have quantitative and qualitative effects on intestinal
microflora and may therefore influence the rate of skatole
synthesis. Feed strategies can be used to manipulate the
microflora by feeding certain carbohydrates a week before
slaughter (inulin, some raw starches) to reduce skatole
formation and thus part of the boar taint issue [13].

The processing of entire males at a lower slaughter
weight has been considered as a possibility for avoiding
boar taint. However, the relationship between taint
compounds and carcass weight across the commercial
slaughter weight range in the EU is quite small and
correlations  between  skatole and  androstenone
concentrations on the one hand and carcass weight on the
other hand are low [15]. Modern pig breeds are growing fast
and recent commercial experiences of some European pig
processing companies suggest that age may be a better
criterion to use.

D. Raising of only females

The production of only female offspring would solve the
issue of castration. While sexed sperm is commercially
available for cattle, this is not the case for pigs. A sow needs
much more sperm cells (about 2 billion sperms) for
insemination than cows due to the anatomy of their
reproductive organs. Deep uterine insemination techniques
have been developed, which would need only 50 million
spermatozoa per dose [8]. The capacity of current sperm
sorting technologies in pig semen, however, is still too low
and slow for an extended use in pig production [9].
Furthermore, the effect of sperm sorting in cattle is not a
100% female offspring. There are still between 10 and 25%
bulls born from sexed cattle semen.

III. DETECTION AND USE OF BOAR TAINT CARCASSES

A. Sensory cut-off levels for boar taint

The incidence of boar taint in literature is very variable,
ranging from 10 to 75% [2, 3, and 4]. This variation
depends in part on the definition and the cut-off points that
are used to define boar taint. Androstenone and skatole are
considered largely responsible for boar taint. However, the
relative contribution of these substances to boar taint varies
in different studies and they do not explain all the variation
in boar taint as perceived by consumer panels [6].
Additional components (i.e. indole) have been proposed as
causative agents and research should focus on identifying
them. A large EU study found that the proportion of
carcasses with androstenone and skatole concentrations
above the commonly-used thresholds (1.0 ppm
androstenone and 0.25 ppm skatole) were 30% and 11%
respectively [15].

Another reason for the variation in boar taint levels are
the different methods used to determine boar taint, which
are often not standardized within method and between labs.
Trained sensory panels in general are able to differentiate
between levels of boar taint compounds, though substantial
differences between panels of seven European countries
existed [25]. Consumer panels will also show a large
variation in boar taint detection between countries, which
are partly, caused by different genetics and farm
management used in these countries. Differences in culinary
habits between countries and the fact that only a part of the
population is sensitive for androstenone based boar taint
will further add to the variation. The proportion of very
sensitive persons seems to be larger among women than
among men [23]. A large EU study showed that on average
6.5 % and 3.0% more consumers would be dissatisfied with
odor and flavor of entire male pork, respectively, when
compared with gilt meat [1, 7].

Carcass detection systems should be able to detect pork,
which is not appreciated by consumers because of taint and
off flavor. Detection of boar taint by a human nose is
currently the most ‘objective’ method although subjective,
while there is no general recognized on-line method
available yet and it represents consumer perception best. A
representative and standardized “human-nose-system”,
which in short term can commercially being used in a pig



processing company needs to be developed.

B. On-line assessment of boar taint

Affordable on-line detection of carcasses with
unacceptable levels of boar taint components would be one
of the solutions to the boar taint problem. However, at the
moment there is no working system available in a
commercial abattoir, and the heating iron in combination
with the human nose is still the best available option. The
spectrophotometric method for skatole used in Denmark is
the most successful on-line method so far, but it only
determines one boar taint component [16]. A recent review
on detection methods based on heat generation, electrical
polarization,  conductivity, electrochemical activity,
ionization, optical, dielectric, and magnetic properties has
been published by Haugen [17].

Results suggest that gas-sensor technology (electronic
nose) may have a potential for future rapid sorting of boars
at the slaughter line. However, there is still a need for
research and development in this field in order to end up
with a successful application. Furthermore, all detection
methods that are currently under development are based on
determination of androstenone and skatol levels, which may
not be the only causative compounds of boar taint. A sub-
optimal detection system will create false positive and false
negative test outcomes , both of which are detrimental to the
pork producing industry.

C. Use of tainted meat in processed meats

Further processing of pork products with tainted pork
from entire males should also be subject of further research.
It is generally believed that the negative impacted in
processed pork is less than in fresh meat. Cooking of meat
could reduce the amount of volatile components and thus
reducing boar taint [18]. Marinades and spices may mask
boar taint but results are not conclusive.

There might be possibilities to mix tainted pork in
sausages, which are eaten cold, whereas this is not possible
in heated products [21]. In smoked sausage strongly tainted
boar meat could only contribute 25% of the total sausage
content without causing adverse reactions [19]. Little is
known, how much can be mixed into other type of pork
products. Recent Swedish research showed the possibilities
of masking boar taint in fermented and smoked sausages
[27]. The combination of aroma development from starter
cultures and the masking affect of smoking could present a
possible solution to remove the perception of boar taint in
fermented sausage.

Dry curing of ham does not reduce the occurrence and
perception of boar taint [20]. Production of cured bacon
after salt injection only seems to have minor effect on the
perception of boar taint compounds [22]. Development of
meat processing technology and ingredients to mask boar
taint should be on the research agenda.

IV. CONCLUSION

The main threats of abandoning castration are that there is
no international acceptation of pork produced from entire

males, and a reduction in pork consumption as a result of
tainted meat. Significant reduction in tainted pork is
possible through genetic selection, feed and farm
management. It will take at least 3 to 5 years to obtain
results that can be used in practice. An international
accepted and reliable on-line detection method is not yet
available, and most systems focus on androstenone and
skatol, which only explain part of the variation. Research
efforts should focus on prevention of boar taint in the live
animal, development of cost effective and reliable detection
systems, and further processing applications for tainted
pork. In the mean time castration with minimal pain is a
viable option.
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