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Abstract

An economic analyses of boar taint prevention wittsurgical castration is lacking. This
paper explores currently feasible alternativesutgisal castration along the pork chain. The
considered alternatives include genetic selectam lfreeding stage); altering management
strategies (pig growing stage); slaughter at youage and lower weight (slaughtering stage).
Control measures relevant to these alternatives designed and examined, using cost-
effectiveness and cost-benefit analysis. Resutierghat the option of single-sex raising of
entire males is more cost-effective compared tarihed-sex option. The breeding programs
combining selection on boar taint and economicsvaee cost-effective than programs
focusing on boar taint only, and also much moré-effective than slaughtering at a younger
age and lower weight.
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1. Introduction

Surgical castration of boars is the most commontm&to prevent boar taint. Boar taint is a
distinctive and unpleasant taint. It is perceivawtigh a combination of sensory odor, flavor
and taste during cooking and eating of pork an# pooducts derived from non-castrated
male pigs. Boar taint has been described as ‘ahimahe’, ‘fecal’ and/or ‘sweat’ like in
character. The existing literature considers exeesgcumulation of naturally occurring
chemical compounds such as androstenone and skafolgs as major contribution to boar
taint (European Food Safety Authority, 2004).

In recent years, however, due to the public conogar the effects on pig welfare,
surgical castration, in particularly, castratiomfpamed without pain relief, is increasingly
regarded as unacceptable. So, developing acceptitdieatives to surgical castration has
become a central topic for the pig meat sectoramyrEuropean countries.

Gaps in the technical knowledge on potential a#tevies to surgical castration and
their advantages and disadvantages are widelystisdun the literature. For an overview, see
Valeeva et al. (2009). Generally, while considetimg entire pork chain, potential
alternatives include genetic selection and genelecson for ‘low-taint’ pigs (pig breeding
stage), immunocastration (castration of boars teslaughter age by means of vaccine) and
altering management strategies (pig growing stad@yghter at a younger age and lower
weight and detection of boar taint at slaughtez(Blaughtering stage), mixing of tainted with
untainted meat and masking unpleasant odors anar$lavith spices (processing stage).
Existing technical literature often considers ptitdralternatives separately. At present, no
totally valid alternative guaranteeing entire ehation of boar taint is yet available. So, it is
expected that combination of several potentialradtives is necessary to solve the boar taint
problem. Since pot entail alternatives relate ttedent actors in the chain, prevention of boar
taint becomes a challenge for the entire pork chamal, given that the alternatives differ
significantly in terms of both cost and impact arabtaint reduction, basic questions, such as
what alternative or combination of alternativethis best and at what cost, become very
important for each chain actor and the chain ab@evHowever, little is known about
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economic feasibility of boar taint prevention with@urgical castration. The scarce literature
mainly deals with costs and benefits associateld igit alternatives, such as different
slaughter weight (Baltussen et al., 2008) and immoastratior{Novoselova, 2007; de Roest et
al., 2009) An economic analyses from the whole-chain petsgets lacking.

The current economic study presents the first stem integrated chain analysis of
boar taint prevention in the Netherlands. Spedlficéhe paper analyses (i) cost-effectiveness
of different alternatives to surgical castratioors the chain; (ii) economic costs and benefits
associated with raising entire males and castratdds as well as the distribution of these
costs and benefits among chain actors.

The study focused on the alternatives referringetoetic selection, altering
management strategies and slaughter at a lowehtvdigese alternatives are considered as
the presently feasible alternatives because thghtnbe implemented in practice on a
relatively short term and they are not expectechigse problems with consumer acceptance.

2. Methodology

2.1. Cost-effectiveness of preventing boar taint in the chain

The primary part of the pork chain analysis ex@dtes cost-effectiveness of preventing boar
taint in the pork chain using potential alternagivt® surgical castration such as genetic
selection (pig breeding stage); altering manageragategies (pig growing stage); slaughter
at younger age and lower weight (slaughtering 3tdgjgure 1 shows the basic three steps of
cost-effectiveness approach used in this studys@kteps are described below.

2a. Data available from the 2b. Effect input:
literature and expert effectiveness of each measurg
judgment method to preventing boar taint (in
’ —’ terms of reducing the levels of|
androstenone and skatole) |
1. Defining control 4. Cost-effectiveness per
measuresfor preventing specific control measure

boar taint in the pork
chain (related to the
considered alter natives)

3b. Economic input:
extra costs per control measure
(Euro/kg of pig slaughter weight

3a. Partial budgeting
> technique:

partial budget is calculated fo
each control measure in the
Excel model

Figure 1. Cost-effectiveness analysis of prevertiogr taint in the pork chain

2.1.1. Defining specific control measures

Based on the literature about the considered ablbematives, the first step identifies
specific control measures for preventing boar tairthe chain. Extensive literature review is
to find in Valeeva et al. (2009).

In general, reduction of boar taint in the porkinldeals with specific factors that
influence the androstenone and skatole levelsgs. fior a complete overview of potential
factors affecting boar taint in the pork chain, Sedeeva et al. (2009). On the basis of the
identified factors, a number of corresponding messwere designed for control of each
factor; implying that specific control measures bamadopted to have a positive effect on
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boar taint. Not all identified in the literaturectars taken into consideration. The factors
considered relevant and control measures assoatiethem are presented in Table 1.

Insert Table 1 here

Only measures that are currently available for #ida@and that comply with the
European and Dutch law and follow standard pig hodby practices are considered. For this
reason, the factor “special diet” (implying a shieitm administration of antibiotic additives)
or the factor “floor type in pens and associateggbeanness” (implying the use of wholly
slatted floor) is not considered, although theyehapositive effect on skatole reduction.
Some other factors known in the literature sucteasa water supply” (implying extra water
supply in the form of an extra nipple drinker) dfeed strategy for fattening hours”

(implying fasting for 12 hours before delivery) avet further considered due to changes in
standard pig husbandry that have occurred sincerigawhen some research was performed,
sometimes more than 10 years ago. Also, the fdetd system/dry diets vs. wet diets”
(implying the feeding of whey) is not feasible nalags because dairy industry derives as
many components as possible from whey and theretisng left for use as a feed ingredient.
Few other factors were excluded from consideradiom to lack of exact information (or
absence of any significant effect) on any of tharliaint substances. After discussion with
experts, it was decided to consider these measurésther research.

Table 1 also shows the basic situation for eactofaehich is defined as an control
measure representing the most typical practickeatrtoment.

2.1.2. Effect input

The second step deals with the quantification qfaat of control measures in preventing
boar taint. The obtained data are used as effpat fior evaluating the cost-effectiveness of
different alternatives to surgical castration.Histstudy, the impact in preventing boar taint is
expressed by reduction of concentrations of maar bent compounds such as androstenone
and skatole in subcutaneous fat of pigs (not imdblor urine). This reduction is expressed
relative to the basic situation and measured mgesf milligrams of the boar taint
compounds per kilogram of fat. The basic situatidth respect to the effect input is defined
by the levels of boar taint compounds associatéld wiplementation of the most typical
practice while raising entire males, i.e. whenrediin of male piglet is not a practice
anymore.

The exact common effects of separate control measur the reduction of
concentrations of boar taint compounds (known ftbenliterature) are very difficult to
guantify precisely for the specific country likeetNetherlands, since the existing technical
studies were conducted in different countries. Thanimals of different breeds, slaughter
weight and fed different diets were used in expenta as well as methods applied to measure
boar taint compounds were sometimes different. ahalable knowledge (when available) is
however used.

The expert judgment method is used to obtain daguantitative effects for the
designed control measures related to feed composithe exact knowledge from the
literature is not generally applicable for the Natands due to considerable differences in
feed diets used in the countries were experimeats werformed and the Netherlands. So,
via personal interviews, two experts (one from aesle and one from industry) were
consulted.

First, experts were asked to identify the most irtepd general aspects in feed
composition that help reduce boar taint. An exten$ist of possible diets known from the
literature and impacts relevant to them were predith experts as reference information. At
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the same time, a possibility of using these aspebite developing new diets in the
Netherlands was an important condition. As regutitein and NSP aspects in the diets were
identified and the potential feed composition nueas were designed, see Table 1.

Second, experts were asked to evaluate actualityeobbtained potential impacts of
the designed feed composition measures (see ttiers8cl and Table 3 for more details).

2.1.3. Economic input

The third step evaluates costs of control meagtresighout the whole pork chain in Euros
per kilogram of pig slaughter weight. Partial butilgg technique was used (Boehlje and
Eidman, 1984; Huirne and Dijkhuizen, 1997). Tha&xbsts of boar taint prevention due to
the change in control measures within a certaitofaelative to the measure representing the
basic situation were calculated; assuming thatempintation of all changes is feasible. A
detailed economic calculation model was specifired Microsoft Excel spreadsheet. The
obtained costs data are used as input for evatutitancost-effectiveness of different
alternatives to surgical castration.

Data on costs control measures were collected9.2Data were mainly obtained
from published studies, national handbooks andrtepAlso, pig husbandry researchers and
representatives of compound feed companies andlgknnouses were interviewed to obtain
data needed to calculate the costs. The cost ésSraee considered representative of the
typical conventional Dutch pig-fattening farm (&a® an average farm size) with mixed-sex
groups rearing (i.e. 50% male pigs and 50% femigle) @nd slaughterhouses. The general
characteristic of representative farms for bagicasion are presented in Table 2. By changing
these characteristics, cost estimates can be adjastording to farm size.

Insert Table 2 here

The subsequent cost estimates made use of aveaeyagiers on meat price, costs
related to purchase of piglets and feed, transpontaf fattening pigs interest, housing,
health care and labor costs.

2.1.4. Cost-effectiveness of control measures

Within each factor, cost-effectiveness of each mdmheasure is calculated as ratio of
obtained reduction of the androstenone and skkaedts to extra costs associated with
implementation of this measure. As explained aboadyction of the androstenone and
skatole levels and extra costs were expressedveetatthe measure representing the basic
situation.

2.2. Cost-benefit analysis of raising entire males

The next part of the pork chain analysis estimatss and benefits associated with raising
entire males and compares them with those assdaiatie raising the castrates. For this
analysis, positive changes in feed conversionydmidwth, animal health, environmental
benefit, costs related to castration as well asegncrease for a better carcass quality
(leanness) and price reduction for possibly taim@dasses are taken into account when
estimating costs of raising entire males insteacbsfrates. A detailed economic calculation
model was specified in a Microsoft Excel spreadshee

3. Results
3.1 Effect and economic inputs per control measure
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The obtained effect and economic input data aregmted in Table 3. Specifically, potential
decrease in the levels of boar taint compoundsandrostenone and skatole (effect input),
and extra costs (economic input) are presenteeddadn control measure along the pork chain.

Insert Table 3 here

As described above, the effect data are basedediteéhature, with exception of the
effect data for the control measures related tdabwr “feed composition (both protein and
non-starch polysaccharides aspects in the dietkg.presented feed compositions are
designed on the basis of the literature knowledge {/aleeva et al. (2009), for an overview)
and the feed expert knowledge. In contrast to tbes drom the existing studies, these diets
are potentially applicable for the Netherlands. lde@r, no actual effect data is available for
them yet. So, the effect data shown for the desigliets in Table 3 is the potential decrease
in the skatole level. That is, the designed dibtaikl have at least the indicated decrease in
the skatole level in order to be considered as rooseeffective, compared to other control
measures, given the estimated extra cost for thigmed diets and cost-effectiveness of other
control measures. Based on the literature studie@va et al., 2009), it seems feasible to
expect an effect of 0.02 mg per kg fat and higheitexffeeding the designed diets only in the
last two weeks before slaughter; whereas it seesssrealistic to expect a rather high effect
of 0.29 mg per kg fat and higher while feedingdiesigned diets constantly during the whole
fattening period (Table 3).

The obtained economic input data is calculatedviorpossible options of raising the
entire males in the farm stage: mixed-sex grougsng (50% boars and 50% gilts) and
single-sex rearing (100% boars) (Table 3). For n@omtrol measures, the choice between
these options makes a substantial difference maexists. The control measures relevant to
the factors “cleanness in the last week beforegbitau”, “stocking rate”, “air temperature
during summer”, “feed system: dry diets vs. wetsfiand “feed composition (both protein
and non-starch polysaccharides aspects in the’faselgxamples of such measures (Table 3)
where extra costs for the single-sex option areiatyace as low as extra costs for the mixed-
sex option. At the same time, when the single-g#ton is to be chosen, the control measure
relevant to the “stable social groups” factor, ired mixing of unrelated animals: a strict all-in
all-out (“birth to slaughter”) system”, cannot Ioeglemented. Table 3 also shows that
implementation of certain control measures involvegative costs (i.e. savings). These are
control measures related to the factors “air teaoee during summer”, “stable social
groups” and “feed system: dry diets vs. wet diets”.

For the breeding stage, extra costs relate onlyadoreeding programs based on the
sire lines (selection on androstenone and skafddd)le 3). These extra cost estimates are
preliminary results. Only few rather extreme opsiarf selection pressure (trade offs between
selection pressure on boar taint and economicg)rasented in this study to give an
indication of the possible range of the extra coBli® extra costs estimates are based on the
following facts. Traditionally, sire line breediggals are dominated by growth rate, feed
intake, backfat depth, loin muscle depth and grgwinishing mortality rate, all of which
have clear economic implications for the entirekparain. In this sense, the
traditional/current breeding programs focus oncala for an economically based objective
(i.e. selection on economics only). Consideringritaet incidence as the only selection
objective (i.e. selection on boar taint only) wounkhatively affect some of these traits and
result in extra costs in the farm stage. Furtheenttris would involve extra costs associated
with detection of possibly tainted carcasses art differences in meat quality in the
slaughtering stage. So, it is important to identify best combination of the selection
objectives.
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The options of the breeding programs presentedblel3 show that “selection
pressure on boar taint only (100%)” resulting ie #8 boar taint incidence in 5 years involve
9.73 Eurocent per kg of slaughter weight; whereadettion pressure on both economics
(90%) and boar taint (10%)” resulting in the 12%btaint incidence involve 0.78 Eurocent
per kg of slaughter weight.

It should however be noted that t is expectedlithe¢ding programs based on the dam
lines will involve more extra costs due to undasigenetic parameters between fertility and
boar taint (personal communication with the expidsy the Institute of Pig Genetics, the
Netherlands). Specifically, it is likely that feradertility will be unfavorably affected by boar
taint elimination. That is, economically importardits such as litter size, piglet mortality will
be. Furthermore, when more information is availabt#h sire line and dam line goals should
ultimately be considered, because the final gotd @event boar taint at the end product
level.

3.2 Cost-effectiveness of implementing control measuresin the chain

Table 4 illustrates the main results of this clsdirdy, namely calculated cost-effectiveness of
different control measures for preventing boarttairthe Dutch pork chain. The results are
presented for those control measures where batbtefhd economic inputs are available.
The cost-effectiveness ratios are provided for dear taint compound (androstenone and
skatole) separately. For each measure, the obtaatied indicate a reduction in androstenone
and/or skatole in (mg/kg fat) per Eurocent investeadoption of this measure, compared to
the basic situation.

Insert Table 4 here

As outlined in Table 4, a number of control measurave a negative cost-
effectiveness ratio, (mg/kg fat)/Eurocent, duedtidr growth performance of pigs resulting
from implementation of these control measures. {i@gboars in rather constant
temperature environment (no heat peaks), extrdaggu by means of a sprinkler system" is
an example of such a control measure, with a negjatst-effectiveness ratios of 0.01 and
0.02 (for skatole) for the mixed- and single-sekans, respectively. This negative ratios
mean that by adopting such a measure rather tleamélasure representing the current
practice there is an improvement in the skatolellevfat and a reduction in costs. That is,
this measure provides the respective reductio@sdf and 0.02 in the skatole level in fat per
Eurocent extra. It should be noted that these negedtios are marked with a plus sign in
Table 4.

According to Table 4, in general, the single-setiarpof raising entire males is more
cost-effective. This option involves more cost-efiee control measures for the reductions of
skatole, among which "keeping boars constantlyiireeclean environment, also in the last
week before slaughter is the most cost-effectivstteffectiveness ratio of 0.15). At the same
time the control measure "single-sex groups reabogr and gilt in different compartments”
is itself the most cost-effective for androstenoeduction, with the cost-efectiveness ratio of
16.3.

As can also be seen from Table 4, the choice fnitxed-sex groups rearing
involves implementation of less cost-effective cohtmeasures (in terms of the skatole
reduction), compared to the single-sex groupsmgakowever, such choice allows to reduce
androstenone by 0.13 mg/kg fat per extra saveddeantpmainly due to saving on animal
health costs.

As for the pig breeding stage, Table 4 shows ti&ptesented two extreme options of
selection pressure differ substantially in theisteeffectiveness, especially for androstenone
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reduction. The corresponding cost-effectivenesegdor “selection pressure on boar taint
only (100%)” and “selection pressure on both ecarser®0%) and boar taint (10%)"are 0.13
and 1.02, respectively. The cost-effectivenessmatfor the skatole reduction are much
lower, compared to those for the androstenone tentu@.02 and 0.13). However, these
ratios also differ considerably between two optiohthe breeding programs. These results
indicate that the studied breeding programs wighgbal of selection on androstenone and
skatole are more cost-effective in androstenoneatezh than in skatole reductions.
Furthermore, the programs that combine selectieagure on both economics and boar taint
tend to be much more cost-effective. See the pusvéection of this paper for more
explanations on the concept of possible combinatafrbreeding program objectives.

For the slaughtering stage, the results of Taldeggest that “slaughtering before
sexual maturity: slaughter at 90 kg live weightdgteffectiveness ratio of 0.11) is less cost-
effective in androstenone reduction than contrahsoees in the other stages of the chain. As
can be seen from the table, this control measueedn less cost-effective than a breeding
program with “selection pressure on boar taint ¢h30%)”.

3.3 Comparison of costs and benefits associated with raising entire males

Table 5 reports the cost and benefits of raisiryficcompared to barrows. The comparison is
performed for typical Dutch pig-fattening farms vinixed-sex groups rearing (i.e. 50% male
pigs and 50% female pigs). Characteristics of tifisas are described in Table 1. The
comparison is based on the assumption that the®es f&witch to raising boars only (100%
male pigs), and have none of the control measorpeetvent boar taint implemented on the
farm.

As shown in Table 5, an improvement in growth penfance of boars compared to
barrows, and an improvement in boar carcass quatiulting in a better slaughter pig price)
generate an extra net return of 27.77 Euro pexrfatg pig per year. It should however be
noted that this comparison is based on an assupaddint incidence of 2%. This
percentage may vary between farms, supply chaihgaen countries. It was also assumed
that it is possible to detect all tainted carcasgesieans of a human nose and to use this meat
for producing and marketing other than fresh meadipcts, given market acceptance of these
products. The costs of achieving the assumed ba@ribcidence of 2% are not directly
included here, and it is still to be decided whadternatives are the best.

The costs and benefits associated with raisingeentales are not equally distributed
across the various segments of the pork chaimdrttirrent situation, i.e. without adopting
any of the control measures and with a remainirancé of having a boar taint problem, pig
farmers benefit from a better feed conversion ratioereas slaughter plants are to be
confronted with a price reduction for boar taintedat.

4. Conclusions and discussion

The results of this study provide first insightsieconomics of currently feasible alternatives
to surgical castration along the pork chain. Theswtered alternatives refer to genetic
selection, altering management strategies and Islaugt a lower weight. These alternatives
were expressed via relevant control measures. fiéet ef control measures was derived
from the literature or assessed by experts. Tha exists of implementing these measures
were calculated using partial budgeting. This infation on various measures, impacts and
costs was used to examine the cost-effectivengsievénting boar taint without surgical
castration in the pork chain. Next, cost and bémefsociated with raising entire males were
examined and compared them with those associatedasing the castrates.
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Our findings show that the cost-effectiveness tdrahtives to surgical castration
varies greatly. Some control measures even haegatine cost-effectiveness ratio. In the pig
growing stage, the control measures related taitigde-sex option of raising entire males are
more cost effective than the measures relatedetoniked-sex option. In particularly, this is
true for the measures for skatole reduction. Atstlaime time, the control measure "single-sex
groups rearing: boar and gilt in different compastis” is itself the most cost-effective for
androstenone reduction. In the pig breeding sthgehreeding programs that combine
selection on boar taint and on economics are nuseeffective than programs focusing on
boar taint only. The optimal combination of selentpressure on economics and boar taint is
still needs to be determined. In the slaughtertages slaughter at a younger age and lower
weight is considerably less cost-effective thanahernatives in the other stages, even
compared to the breeding program with focusing @ar laint only, which is not very cost-
effective.

With no solution for boar taint problem, stoppiragtration male piglets would result
in an uneven costs and benefits distribution anabragn participants. Pig farmers would
benefit from a better feed conversion ratio; whergaughter plants would have to be
confronted with a price reduction for boar tainteeat.

This study helps guide both government decisionarsaind chain participants in
selecting the most cost-effective control meastoeshieve a certain (acceptable) level of
boar taint. The complexity of the issue is howgwesing and will pose important challenges
for years to come. In future research, these atem@s have to be studied in more detalil.

As mentioned above, not all required data on thecebf particular control measures
on boar taint are readily available and harmonimdtie literature. This study uses the best
available knowledge from the literature, thoughdi&a are based on experiments performed
in different countries, where animals of differbnéeds, slaughter weight and fed different
diets are used. Also, only the average effect wadwe considered. Furthermore, expert
judgments (with a limited number of experts) wesedito estimate effect of specific control
measures (in particular, control measures relatdéeed composition). Given that it will take
a while to collect all the necessary experimengdhdor any particular country, other methods
can be used in further research to better elieietkpert knowledge on effect of different
control measures. Though all the above effect idptd issues are explicable, scarce
information and uncertainty about the current éffet control measures on boar taint may
have led to a rather approximate estimation ofcéffgout for the model. Therefore, further
research is needed to examine the robustness m#ghkts of the current study with respect to
the effect input data. Ideally, more consistenadat effects of different control measures
have to be collected. In addition, it is usefuttdlect more effect data measured as
percentage of pigs with high levels of boar tammpounds (vs. absolute effect values as used
in this study). This dimension of effect measurenpeavides more insight into the actual
reduction of boar taint incidence at the end ofdhain after implementation of different
control measures.

As for economic input data for this study, someeaspwere not completely taken
into consideration. First, extra costs for the dreg stage relate only to the breeding
programs based on the sire lines. Only these data available during the current research.
Since it was initially expected that the sire limasise the main problem of boar taint
development, the results for these lines were pbthat first. It was however discovered that
the dam lines show the greater levels of androsieand skatole. Further research is needed
to explore the effect of breeding programs witlieddnt breeding goals (i.e. trade offs
between selection pressure on boar taint and edoapon the dam lines and subsequently
on the final products.
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Second, estimates of costs and benefits assoeiétfedaising entire males do not
include economic consequences related to posdibalege in pork meat quality due to
implementation of different control measures. Eggceffect of different feeding diets can
be considerable; whereas exact effect of some atkasures is still now known. The current
estimates consider only difference in payment (ngnpeice reduction) for tainted meat.
Also, this study does not specifically examinenleé market costs and benefits resulting from
raising entire males. Such estimates would departtieénumber of the countries that would
decide to totally stop with piglet castration.

When sufficient knowledge is available, the studg be elaborated by including on-
line detection of carcasses with (possibly) higkels of boar taint. In contrast to the
alternatives considered in this study, detectichriegques do not really affect the boar taint
compounds’ levels; they only permit sorting ouhtad carcasses. It should however be noted
that available techniques for boar taint detectéibslaughter line are not yet applicable in the
slaughter setting since they involve complicatad@a preparation and purification steps,
and are usually time-consuming and labor-inten@hrelersen, 2006; Haugen, 2006).

For each control measure, this study only reldteddvel of reduction of boar taint
compounds to extra cost. It does not examine teeeaftectiveness of particular packages of
control measures. Therefore, further researchadedto explore cost-effectiveness of
combining different control measures and to ultihatlefine optimal set of the control
measures along the chain.

It follows that chain participants will probablyveto share their responsibility for
boar taint prevention among each other, whereasdbyge of this responsibility is not yet
determined. Further research on this issue wosldl la¢ useful for more efficient boar taint
prevention along the chain.
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Table 1. Factors affecting androstenone and skatadecontrol measures corresponding to
them

Factors and control measures Reference Basic
situation
(YIN)
Pig breeding stage
Breeding goal of selection on androstenone anakkat Expert knowledge
Selection pressure on boar taint only (100%) basetthe
Selection pressure on both economics (90%) andthodr(10%) simulation mod®I N
Selection pressure on economics only (100%) Y

Pig growing stage

Housing environment and hygiene

Cleanness in the last week before slaughter (Haetsaln, 1994)
Keeping boars constantly in extra clean environirasb in the last N
week before slaughter
Keeping boars in extra clean environment only altst week before Y
slaughter

Stocking rate (Hansen et al., 1994)
Keeping boars at the low stocking rate (ca. 1*(er animal) N
Keeping boars at the high stocking rate (ca. &. pen animal) Y

Air temperature during summer (Hansen et al., 1994)
Keeping boars in constant temperature environnment0C), extra N
regulation of temperature by means of a climatdrobeystem
Keeping boars in rather constant temperature emviemt (no heat N
peaks), extra regulation of temperature by meassspirinkler system
Keeping boars in varying temperature environmemgxtra regulation Y
of temperature

Social environment

Stable social groups (Aldal et al., 2005;
No mixing of unrelated animals: a strict all-in-alit (“birth to (Fredriksen et al., N
slaughter”) system 2006)
Mixing of unrelated animals: mixing pigs from diféat litters Y
Sex grouping of animals (Patterson and
Single-sex groups rearing: boar and gilt groupdifiierent Lightfoot, 1984) N
compartments
Single-sex groups rearing: boar and gilt groupdifferent pens N
Mixed-sex groups rearing: boar and gilt groupshimm$ame pens Y
Feeding
Feed system / dry diets vs. wet diets (Andersson et al.,
Restricted wet feeding / water 1997) N
Restricted dry feeding Y
Feed composition: protein aspects in the dietddogt constantly or 2 Expert knowledge
weeks before slaughter) based on the literature
Better protein source N
Maximum protein content N
Basic diet Y
Feed composition: NSP aspects in the diets (optmomsstantly or 2 weeks Expert knowledge
before slaughter) based on the literature
High NSP content N
High NSP content and low protein content N
Basic diet Y
Slaughtering stage
Slaughtering before sexual maturity: slaughterGek® live weight (Aldal et al., 2005, N
Slaughtering after sexual maturity: slaughter & kg live weight Zamaratskaia, 2004) Y

Y The simulation model is developed by Institut®af Genetics, the Netherlands.
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Table 2. General farm characteristics in basiasibn

Characteristic

Number of fattening pigs
Starting live weight of piglet, kg
Final live weight, kg

Slaughter weight, kg

Daily growth, g/day

Fattening period, days

Mortality rate (fattening pigs), %
Occupancy rate, %

Feed conversion ratio, kg/kg
Number of fattening pigs per pen

2000
25.5
116.8
91.0

780

117
2.5
94.0
2.7

12
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Table 3. Factors affecting fat androstenone (A) skadole (S) and control measures relevant to them

Potential decrease in
A, S levels (mg/kg fat)

Extra costs (Eurocent/kg

slaughter pig weight)

A S Mixed-sex Single-sex
Pig breeding stage
Breeding goal of selection on androstenone an@kkgirogram based on sire selection)
Selection pressure on boar taint only (100%) 1.39 0.24% 9.73 9.73
Selection pressure on both economics (90%) andthirar(10%) 0.89 0.10Y 0.78 0.78
Selection pressure on economics only (100%) 0@ 0© 0 0
Pig growing stage
Housing environment and hygiene
Cleanness in the last week before slaughter
Keeping boars constantly in extra clean environmasb in the last week before slaughter - 0.02 .260 0.13
Keeping boars in extra clean environment only el&st week before slaughter - 0 0 0
Stocking rate
Keeping boars at the low stocking rate (ca. 12(bet animal) - 0.12 2.74 1.39
Keeping boars at the high stocking rate (ca. &. pen animal) - 0 0 0
Air temperature during summer
Keeping boars in constant temperature environnmnt0C), extra regulation of temperature by means dinaate - 0.06 1.75 0.88
control system
Keeping boars in rather constant temperature emviemt (no heat peaks), extra regulation of tempezdity means ofa — 0.03 -2.86 -1.43
sprinkler system
Keeping boars in varying temperature environmentextra regulation of temperature - 0 0 0
Social environment
Stable social groups
No mixing of unrelated animals: a strict all-in-alit (“birth to slaughter”) system 0.18 n.s. -1.43
Mixing of unrelated animals: mixing pigs from diféat litters 0 0 0
Sex grouping of animals
Single-sex groups rearing: boar and gilt groupdifierent compartments 0.98 - 0.06
Single-sex groups rearing: boar and gilt groupdifferent pens 0.70 - 0.07
Mixed-sex groups rearing: boar and gilt groupshim $ame pens 0 - 0
Feeding
Feed system: dry diets vs. wet dibts
Restricted wet feeding / water - 0.01 -3.08 -1.54
Restricted dry feeding - 0 0 0
Feed composition: protein aspects in the diets
Better protein source (constant during the whateféng period) - 0.1P 1.41 0.67
Maximum protein content (constant during the wifatéening period) - 0.1¢ 1.28 0.61
Better protein source (last two weeks before slgaryh - 0.0% 0.24 0.12
Maximum protein content (last two weeks before ghder) - 0.0% 0.22 0.11
Basic diet - 0 0 0
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Table 3. (continued)

Potential decrease in Extra costs (Eurocent/kg pig
A, S levels (mg/kg fat) slaughter weight)
A S Mixed-sex Single-sex

Feed composition: NSPaspects in the diets

High NSP content (constant during the whole fattgrieriod) - 0.29 3.66 1.79

High NSP content and low protein content (constiaming the whole fattening period) - 0%53 6.63 3.28

High NSP content (last two weeks before slaughter) - 0.0® 0.24 0.12

High NSP content and low protein content (last wezks before slaughter) - 0.09 0.37 0.18

Basic diet - 0 0 0
Slaughtering stage

Slaughtering before sexual maturity: slaughterOak® live weight 0.46 n.s. 4.16 4.16

Slaughtering after sexual maturity: slaughter & &g live weight 0 0 0 0

Y/N = yes/no with respect to relevance of a contnehsure to the basic situation (most typical pragt

(a) = in 5 years the incidence of boar taint is (®¥%ar taint is defined by A and S threshold lewé1$.0 and 0.2 mg/kg fat, respectively).

(b) = in 5 years the incidence of boar taint is 1®%ar taint is defined by A and S threshold lewé1$.0 and 0.2 mg/kg fat, respectively).

(c) =in 5 years the incidence of boar taint is 3®4ar taint is defined by A and S threshold lew#l$.0 and 0.2 mg/kg fat, respectively).

n.s. = not significant.

D This factor is applicable only for the farms thae wet feeding (only for very small farms).

2 NSP = non-starch polysaccharides.

®No actual data is available for these particulatsjiwhich are potentially applicable for the Nefreds and France. So, these are potential desr&atiee skatole level. Control measures
related to feed composition should have at least sudecrease in the skatole level in order toobsidered as more cost-effective, compared to aibretrol measures.
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Table 4. Cost-effectiveness of control measuresattdrostenone (A) and skatole (S) levels
reductions (mg/kg fat) / Eurocént

Mixed-sex Single-sex
A S A S

Pig breeding stage

Breeding goal of selection on androstenone and lekgioogram based on

sire selection)
Selection pressure on boar taint only (100%) 0.13 0.02 0.13 0.02
Selection pressure on both economics (90%) andtbodar(10%) 1.02 0.13 1.02 0.13

Pig growing stage
Housing environment and hygiene
Cleanness in the last week before slaughter
Keeping boars constantly in extra clean environmasb in the last week
before slaughter
Stocking rate
Keeping boars at the low stocking rate (ca. 1>(et animal) - 0.04 - 0.08
Air temperature during summer
Keeping boars in constant temperature environnmnt0C), extra - 0.03 - 0.07
regulation of temperature by means of a climaterobsystem
Keeping boars in rather constant temperature emviemt (no heat peaks), — +0.01 - +0.02
extra regulation of temperature by means of a klanirsystem
Social environment
Stable social groups
No mixing of unrelated animals: a strict all-in-alit (“birth to slaughter”)
system
Sex grouping of animals
Single-sex groups rearing: boar and gilt groupdifierent compartments 16.3 -
Single-sex groups rearing: boar and gilt groupdiffierent pens 10.0 -
Feeding
Feed system / dry diets vs. wet dféts
Restricted wet feeding / water - +0.003 - +0.006

Slaughtering stage
Slaughtering before sexual maturity: slaughterOak® live weight 0.11 - 0.11 -

0.08 - 0.15

+0.13 —

DThe "+" sign indicates that this control measure Aaegative cost-effectiveness ratio. This meaaistly adopting such a
measure rather than the measure representinguiientpractice there is an improvement in the asténone or skatole
level and a reduction in costs. That is, this meapuovides the presented in the table reductidherievel of androstenone
or skatole per Eurocent saved.

2 This factor is applicable only for the farms thae wet feeding (only for very small farms).
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Table 5. Economic costs and benefits associatddraising boars compared to barrdws

Barrows Boars

Growth performance

Daily growth, g/day 780 801

Feed conversion ratio, kg/kg 2.70 2.44
Basic cost parameters

Piglet price, Euro/piglet 41.92 41.84

Feed price, Euro/kg 0.26 0.26

Labor costs, Euro/fattening pig/year 2.82 2.90

Delivery costs, Euro/fattening pig/year 6.55 6.72
Slaughter pig price, Euro/kg slaughter pig 1.506 518.
Price reduction for tainted meat, Euro/fatteningyyear 0.87
Return, Euro/fattening pig/year 422.03 436.82
Extra net return, Euro/fattening pig/year 24.77

D Barrows = raising barrows in the basic situatioithwnixed-sex groups rearing (i.e. 50% male pig$ 58% female pigs)
(50% barrows and 50% gilts); Boars = single-sex gsotearing with only boars on the farm (100% malgs)y Price

reduction for tainted meat is calculated on thesbakthe assumption that boar taint incidence%si@ both countries that
results in extra detection costs.
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