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Abstract

Due to the public concern over the effects of siaigcastration on pig welfare,
castration, in particularly performed without paielief, is now increasingly
regarded as unacceptable in the EU. Therefore laj@ng acceptable alternatives
to surgical castration has become a central tapithle pig meat sector. This paper
reviews important issues in boar taint preventiotheut surgical castration,
namely possible alternatives to surgical castratfantors influencing boar taint
development and economic considerations assocwitbdthe presently feasible
alternatives to surgical castration. Potential raliives considered are genetic
selection and gender selection for ‘low-taint’ pigsimunocastration, altering
management strategies, slaughter at a youngerraeaer weight, detection of
boar taint at slaughter line, mixing of tainted lwiintainted meat and masking
unpleasant odors and flavors with spices. Prevergfoboar taint itself without
surgical castration is vary difficult. Basicallyt present there is no totally valid
and reliable alternative guaranteeing entire elanon of boar taint. The paper
concludes that prevention of boar taint is a chakefor the entire pig production
chain and an integrating approach would be usefdefine the best alternative.

Introduction

Surgical castration of boars is commonly used &v@nt boar taint. Boar taint is
mainly caused by high concentrations of androstenskatole and indole in fat. In
recent years, however, animal welfare merits a npwoeninent position in the
discussion regarding pig production methods. Duthéopublic concern over the
effects of surgical on pig welfare, castrationparticularly, castration performed
without pain relief, is now increasingly regardedumacceptable. This has resulted
in a pressure on the pg sector to stop castralibere are, however, differing
views on alternatives to surgical castration ofrbagithin European countries.
Along with various European initiatives, an Agreernef Noordwijk was signed
in the Netherlands in November 2007. In this Agreetn Dutch Federation of
Agriculture and Horticulture, Dutch Union of Pig rRzers, the Central
Organization for the Meat Sector and the Centrdic®ffor Food Retail aim at
stopping castration in the Netherlands from 1 JanR@15. The Dutch Ministry of
Agriculture, Nature and Food Quality fully suppatttéss ambition (Dutch Ministry
of Agriculture, Nature and Food Quality, 2008). Téxpectation is that by that
time there will be a welfare-friendly approach #aile to produce boar taint-free
pork without surgical castration. So, developinglsan approach has become an
important issue in the current discussion aboutwhags of attaining the above
ambition.

Different alternatives affecting boar taint devetant have been widely discussed
in the literature ( Xue et al., 1997b; Bonneau,8 ®onneau, 2006; Jensen, 2006).
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Quantitative studies, however, often consider esdtgrnative separately; whereas
alternatives usually relate to different actorstle chain. So, a whole-chain
perspective might be necessary to render boar faiavention successful.

Furthermore, little is known about the economicsboér taint prevention. The

scarce literature mainly deals with costs and henedssociated with few

alternatives, such as different slaughter weighalt(Bsen et al.,, 2008) and
immunocastration (Novoselova, 2007). Economic intsignto other alternatives

affecting boar taint as well as into the chain pecsive are lacking.

The objective of this study is to review importasgues in boar taint prevention
without surgical castration, namely alternatives suargical castration, factors
influencing boar taint development and economicsaerations associated with
the presently feasible alternatives to surgicatraien. The paper looks at these
issues from the pig production chain perspectivk @uggests a framework for the
analysis of boar taint prevention without surgicastration within the whole-chain

context.

Pig production chain and potential alter nativesto surgical castration

This study considers the pig production chain csiimg] of pig breeding, pig
growing, slaughtering, processing, retail and tttei@ consumption of pork meat.
Figure 1 presents potential alternatives to sutgiaatration classified per chain
stages.

In the pig breeding stage, genetic selection anmdigeselection for ‘low-taint’
pigs are being considered as viable alternativamatatskaia (2004) summarizes
the research findings on these alternatives asowsll Genetic selection
experiments reduce boar taint, particularly duehigh androstenone levels.
However, negative effects on growth performanceertire males and onset of
puberty in males and females were found. Therefpeagtic markers, which are
related to both boar taint and age of sexual nggurave to be identified to avoid
undesirable effects of selection against boar .ta@énder selection process
separates male sperm cells and is followed by i@difinsemination of the
selected sperm. This selection technique might feca promising strategy,
allowing the production of female-only herds. Cathg, it is not commercially
available. Large quantities of sperm are requir@dsuch selection because of
sperm losses and cell damage during selection.

In the pig growing stage, immunocastration andrialiemanagement strategies
have been suggested as possible alternatives éFiguimmunocastration is an
immunological approach, implying castration of ®aear to slaughter age by
means of vaccine. The vaccine temporally stopsctédat function and thus
eliminates boar taint and, also, reduces the lefehggressive behavior and
mountings (Hennessy, 2008). Some variability inpoese to the vaccine has
however been found (Zamaratskaia, 2004). Acceptyalof this technique by
consumers is also questionable. Immunocastratienhias application of the
vaccine produced with the help of genetic modifaatechnologies; whereas such
technologies, especially applications relevant mamal production, elicit high
levels of consumer concerns (Novoselova, 2007)thEumore, vaccine may be
active for humans in case of accidental self-inégctThe altering management
strategies alternative involves reducing the dgwelent of boar taint through the
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Figure 1. Pig production chain and alternativesstargical castration in piglets.



external aspects such as housing environment agidrig; social environment and
feeding (Figure 1). Different factors affecting thear taint compounds’ levels
have been numerously reported in the literaturees&hfactors and some
implementation issues associated with this altereatre discussed in more detalil
in the next section.

In the slaughtering stage, the experience of saynatdes shows that slaughter at
a younger age and lower weight, might reduce baant t(Figure 1). This
alternative is not very attractive from an econopwint of view (Baltussen et al.,
2008). Furthermore, it does not entirely eliminbtar taint (Aldal et al., 2005).
Detection of boar taint at slaughter line is anotbetion; though available
techniques are not yet applicable in the slaugbktdting since they involve
complicated sample preparation and purificatiorpsteand are usually time-
consuming and labor-intensive (Andersen, 2006; idapg006). Also, in contrast
to the alternatives considered above, detectiomnigaes do not really affect the
boar taint compounds’ levels, they only permit isgrtout tainted carcasses. The
same applies to mixture of tainted meat with uréminone and masking
unpleasant odors and flavors with spices in thegssing stage where the detected
tainted carcasses can be used for processed noelaicts (Figure 1). Boar taint is
not a problem for processed products. In this sehseems more appropriate to
use these alternatives in combination with otherson

As shown above, each alternative has both advamtagd disadvantages that
chain participants should be aware of when invastig opportunities to prevent
boar taint without surgical castration. Also, cirtalternatives are more suitable
for decreasing one boar taint compound and lestaldei for the others.
Furthermore, not each alternative is readily abdaldo be successfully applied in
practice. Basically, at present there is no totaiyid alternative guaranteeing
entire elimination of boar taint.

So, the next section focuses more on the altemmtieferring to genetic selection,
altering management strategies and slaughter atiagger age and lower weight.
These alternatives that might be implemented oelatively short term and that
are not expected to cause problems with consuncepgance.

Issuesin evaluating currently feasible alter nativesto surgical castration

Many studies have been conducted to determinerettaspects influencing boar
taint development and their potential effects. €ablsummarizes various factors
that can be altered to reduce the level of boat tompounds. Some factors are
only relevant to androstenone, others — to skatotior indole or to androstenone
and skatole (i.e. factors with multiple effects)otdl that synergy effects that are
non-additive effects from manipulating a few fast@t the same time are not
described in Table 1. Existing studies mainly lakeach factor separately or
sometimes at few related ones; whereas controliftéreint combinations of
factors throughout the production process can lpeard to be a better option
than controlling only one factor. So, evaluationsath synergy effects would be
another challenge in the assessment of the tdedtedf these factors.

It should be noted that the presented studies e@rducted in different countries.
This means that animals of different breeds, slargiveight and fed different
diets were used in experiments as well as methpdked to measure boar taint



Table 1. Potential effect of key factors on fatrastenone, skatole and indole levels along theppigluction chaih

Selected references A S I Principal results
Animal breeding

Genetic selection against boar  (Robic et al., 2008) + + + The incidence of boamttes heritable, as are the levels of

taint androstenone and skatole. Genetic selection adzoasttaint,
and especially against androstenone, is expectee soiccessful.

Animal growing (fattening farms)
1.Housing environment and
hygiene (associated with pig
cleanliness):

- floor type (Hansen et al., 1997) no + + Boars lying in copiao®unts of warm faeces and urine
(concrete-floor pens) had higher skatole and intd@e pigs
which were kept clean (slatted floor pens).

- stocking rate (Hansen et al., 1994) no + + Skatole and indoleltewere higher in boars kept at higher
stocking rates.

- seasonal variation (air (Hansen et al., 1994) no + ? Skatole levels weghdriin fat at high temperatures in the

temperature) summer, compared to the winter.

- seasonal variation (daylight (Andersson et al., 1998) (+)no (¥)no *? Boar taias\wdirectly affected (probably related to pubgrty

hours) with higher scores in the autumn/winter than in the
spring/summer, although this was not clearly ingidaby the
measurements of androstenone and skatole (noisattieffect).

- ventilation rate (Hansen and Larsen, 1994) no (t)no ? Differentilagitin rates have been shown to have effects on
skatole levels (no significant effects).

2.Social environment:

- dominance (social rank) (Giersing et al., 2000) (+)no no no Androstenonelewere higher in high-ranked boars (probably
related to puberty).

- stable social groups (Aldal et al., 2005; + (+)no ? ‘Birth to slaughter’ systems reducedahdrostenone level.

Fredriksen et al., 2006)
- sex grouping (Patterson and Lightfoot,  + + ? Androstenone levels were greater for the yweaight boars (110
1984; Andersson et al., kg live weight) raised mixed-sex; but not for lowegight ones.
1997) Skatole levels were slightly greater in boars iisesingle-sex
pens.

3.Feeding:

- feed structure (diet form and  (Jensen, 2006) no ? ? It has never been invedigfatee feed structure has any effect

dietary particle size) on skatole levels.

- feed system (dry diets vs. wet (Andersson et al., 1997) no + ? The feeding of wéesmed to reduce skatole, as compared with

diets) tap water or dry feeding.

- extra water supply (Kjeldsen, 1993) no (t)no 7 Free access to watith @xtra nipple drinker) reduced skatole

levels in herds with a skatole level above 0.10 gpansignificant
effects).




Table 1. (continued)

Selected references A S I Principal results

- feeding level (restricted vs. ad (Bonneau, 1987) + ? ? Androstenone levels increiasiedars of the same age fed ad

libitum) libitum, compared to those fed restrictively. Bugte was no
significant difference between males of the samiglite

- feed strategy (fasting before  (Kjeldsen, 1993) no + ? Restricted feeding witlastihg for 12 hours before delivery
slaughter) reduced skatole levels, compared to ad libitumifeed

- feed composition (protein, For an overview see no +ho ? There have been numerous attempts tqoiateé skatole levels
amino acids, carbohydrates and(Zamaratskaia, 2004) using feed additives. The inclusion of a high antaihow-
others) digestible protein in the diet increased skatolelle and the use

of casein as a source of protein decreased skat@ks. Addition
of dietary carbohydrates, such as sugar beet pukopotato
starch, has been found to reduce skatole levels.

- special diet (Hansen et al., 2000) no + ? The use of growth pting antibiotics prevents the risk of
increase skatole levels.

Slaughtering (slaughterhouses)

Live slaughter weight and age (Aldal et al., 2005, + + + Slaughter at a younger age and lower welggfgre the onset of
Zamaratskaia, 2004) puberty, might reduce the risk of increased lewélsoar taint
compounds.

IA/S/I = androstenone, skatole, indole; no/(+)nof/fo effect observed/no significant effect obsdfsignificant effect observed/no
information yet available in the literature.



compounds were sometimes different. In this senssgarch efforts could be
strengthened by harmonization of knowledge frorfed#nt studies in order to get
insight into the factors’ effects in similar condits.

Based on the harmonized knowledge about the faetwistheir effects, different
management measures can be designed and adopiesl/émt boar taint. In this
way, it might be possible to achieve the boar tkuael acceptable to consumers,
or at least to decrease this level to a certaiergxtimplementation of these
measures however assumes involvement of diffefesingarticipants. Also, the
measures may differ significantly in terms of betist and impact on boar taint
reduction (measured in terms of androstenone, lekatod indole levels). So,
economic feasibility of altering management stregegeeds to be investigated.

In general, all these issues would also be imporwnile bringing together
altering management strategies with other altereatto surgical castration such
as genetic selection and slaughter at a youngearddéower weight. This implies
that these issues need to be considered while cilgpdise best alternative to
surgical castration for the whole chain. It is alsportant that the choice of such
alternative (i) should be coherent with improvemehtother aspects of animal
production, such as food safety, animal healthmahiwelfare and environment,
(i) not to cause negative effects on meat qualitiend (iii) satisfy existing
regulations . As can be seen from Table 1, someag®anent strategies reduce
levels of boar taint but at the same time have maatjral application, at least in
some countries. An example is the use of growthmptong antibiotics that is
prohibited in many EU countries. Changing floorigeds another example where
slatted floor pens are better for reducing skasmlé indole, compared to concrete
floor pens. But wholly slatted floor is not accdg&in many countries due to its
negative effect on pig welfare. In the light of mal welfare and health concerns,
aggressive behavior and the resulting negative ezprences, e.g. skin damage,
should also be carefully considered while changivamagement strategies. As for
meat quality, meat from entire males given fermemigpuid diet was significantly
worse in terms of the scores for flavor (Hansemalgt2000). At the same time,
there are also examples when altered strategigsvps effect other aspects of
animal production. For instance, “birth to slaughtg/stems not only reduce boar
taint (Aldal et al.; 2005, Fredriksen et al., 200BYt also improve pig health,
resulting in lower costs for treatment (van dertFshwering et al., 2008).

Economics of boar taint prevention along the chain

Implementation of any above-described alternatiwelld have certain economic
implications. Basically, it would involve additioheosts that should be balanced
against advantages and disadvantages associatedaiging boars, compared to
raising hogs, and expressed, if possible, in mopégams.

Existing economic studies on boar taint preventmainly deal with different
scenarios of surgical castration under anestheslf®oaanalgesia (Kluivers-Poodt
et al., 2007). Presently it is the most practicezthod in the EU-countries where
surgical castration without pain relief is bannReésults show that additional costs
differ among the considered scenarios, which wefindd in terms of types of
treatments available, person administered theneat;, i.e. farmer himself or with
the support of veterinarian, and size of the faxdone of these scenarios however



entails any advantages linked to raising boarsthEumore, the current study
primarily focuses on alternatives to surgical agtn in any form.

In general, not much research into economics efradttives to surgical castration
of boars is available in the literature. Few stadiave been conducted to examine
economic consequences of immunocastration (NoveseRD07) and slaughter at
a younger age and lower weight (Baltussen et D8P For immunocastration,
comparison of savings on labor cost of surgicatraien, higher daily weight
gain and better feed conversion with additionalofabost of vaccination and
vaccine price involved indicated a decrease inthtbg cost price (farm level).
Baltussen et al. (2008) opposed the same bendflisar production with losses
related to slaughtering boars at a younger agdaver weight, assuming that the
whole country raised only boars; whereas in theé oéshe EU castration was
carried out, and that the risk of boar taint watllp eliminated. This study
showed significant decline in the gross added vétunehe pig sector (farm and
slaughterhouse levels) as a result of slaughtdrirags at a younger age and lower
weight. As mentioned above, depending on the vatiom time in case of
immunocastration and knowing that slaughter at anger age and lower weight
in reality does not entirely eliminate boar taimtmight be necessary to perform
on-line detection at the slaughter line in additiomny of these two alternatives to
assure absence of boar taint. So far, such alteenanhd the corresponding costs
and benefits are not considered in literature; @esh due to insufficient
knowledge about detection technigues applicabletha slaughter setting.
Likewise, little information is available on econmmconsequences of other
alternatives to surgical castration. So, basic tpes such as what alternative or
combination of alternatives is the best and at wbat, remain unanswered.

The existing studies on alternatives to surgicatregion do not take into account
all the identified pros and cons of raising bodrahle 2). And although many of
pros and cons have been widely discussed in theatitre, economic studies on
boar production is usually limited to exploring lkéts resulting from better feed
conversion, better growth rate and higher carczasness. For a review of studies
to quantify such benefits, see Xue et al. (1997)this sense, a more complete
cost-benefit analysis, with all pros and cons abergd, is lacking. It should
however be noted that monetary value is not to dmlyeassigned to all of the
presented advantages and disadvantages. For exammee complicated
economic methods would be needed to value imprangdal welfare.

Also, Table 2 shows that potential advantages asalddantages often relate to
different levels of the pig production chain. Thagjically suggests that cost and
benefits resulting from implementation of a patécualternative to surgical
castration will also be somehow distributed amohgirc participants. To the
authors’ knowledge, no research is available toestigate this issue and,
therefore, to indicate how total effort is to bestallocated among the chain
participants. Both chain participants and the gonent would be interested in
such knowledge to optimize their decisions on Haart prevention. So, a chain
perspective on economics of prevention of boat teéed to be further elaborated.



Table 2. Potential advantages “+” and disadvantage$ associated with raising boars, compared to lsog

References

Principal results

Animal breeding
Unplanned breeding

Animal growing (fattening farms)
Feed conversion

Growth rate

Environmental benefit
Animal health

Animal welfare
Behavior control

Costs related to castration:

Slaughtering (slaughterhouses)
Carcass quality and
characteristics:

- backfat thickness and leanness

- percentage primal cuts
- classification score
- dressing percentage

- percentage offal

(Zamaratskaia, 2004)

(Walstra, 1974)
(Xue et al., 1997a)
(Patterson and Lightfoot, 1984)
(Andersson et al., 1997)
(Bonneau, 1998, Walstra, 1974)
(Xue et al., 1997a)
(Patterson and Lightfoot, 1984)
(Andersson et al., 1997)

(Xue et al., 1997a)
(Bonneau, 1998)
(Bonneau, 1998)
(Patterson and Lightfoot, 1984)
(Bonneau, 1998)
(Zamaratskaia, 2004)
(Bonneau, 1998)
(Zamaratskaia, 2004)
(Bonneau, 1998)

(Bafién et al., 2004)

(Bonneau, 1998, Walstra, 1974)
(Xue et al., 1997a)

(Patterson and Lightfoot, 1984)
(Andersson et al., 1997)
(Walstra, 1974)

(Walstra, 1974)

(Walstra, 1974)

(Andersson et al., 1997)
(Walstra, 1974)

“~* Cadstmgirevents unplanned breeding

“+”  More efficient feed conversion

“+"  Faster growth sometimes, data are inconsistieletto variability among other
factors (diets and the difference in weight and @fg@aximum growth)
Superior live weight under restricted feedingdagiven amount of food,
although under truly ad libitum feeding hogs mayreare than boars and gain
faster in the later fattening stages but to theiment of carcass quality

“+" Redddaecal waste and reduced environmental impact
“+" Better efficiency for nitrogegtention
“+”  The markedly lowseimber of chronic inflammations
“+”  No risk of &ufion involved in castration
“+" No pain and discomfort of castration for animal

“—* More aggressive behavior

“+” |&bwr costs involved in castration
“+”  No possible animal losses and temporary dea@aperformance following
castration
“+” Decrease in productiostsaelated to feeding

“+”  Thinner backfat, leaner carcasses
“~* Sometimes, too lean carcasses may also beldgmg the industry need a
minimum quantity of good quality fat. Extreme leass can result in a lack of
cohersion between backfat and the underlying muscle
g
g
“~* Dressing percentage reduction

“~* Lower percentage offal




Table 2. (continued)

References

Principal results

- fat quality (Bonneau, 1998)
(Xue et al., 1997a)

(Xue et al., 1997a)
(Xue et al., 1997a)
(Xue et al., 1997a)

- carcass length
- longissimus muscle area
- bone proportion

- attractiveness of chops & joints (Patterson and Lightfoot, 1984)
(Patterson and Lightfoot, 1984)

- skin proportion

- pH value (pH) (Xue et al., 1997a)

Consumption
Meat quality:
- boar taint EFSA report (2004)
- appealing to consumer (Bonneau, 1998)
- meat tenderness (Bonneau, 1998)
Nutritional advantages
- development of adipose tissue (Bonneau, 1998)
- dietetic point of view (Bonneau, 1998)
- protein content (Zamaratskaia, 2004)

“~* Softer and less resistant to oxidation (espcia lean pigs genotypes)
“~*  The higher degree of unsaturation and higheteweontent of leaner animals
can result in carcasses with unacceptably soft fat
“+* Longer carcass length
“+* Larger longissimus musadleza
“~* Higher bone proportion, Yieabones at the same slaughter weight
“+"  More attractisteops and joints
“~* Higher skin pootion, thicker and not that fine skin
“~* Higher pkino difference when less than 4 hours elapse faom to slaughter

“~* Presence of boar taint,riest important limitation
“+” Smaller development of interoular
“~* Less tender

ey
“+" Lower lipid content and moresaturated fatty acids in adipose tissues
“+" Higher protein content

1C



Conclusions and future outlook

This paper examines the key technical (alternativesurgical castration, factors
influencing boar taint development) and economiasaderations associated with
the presently feasible alternatives to surgicairaéien. In particular, it reviews the
state of the art of these issues from a chain petisg.

The paper concludes that prevention of boar tairg challenge and task for the
entire pig production chain and an integrating apph would be useful to deal
with this. The study suggests genetic selectiorthim animal breeding stage,
altering management strategy in the animal growstege and slaughter at a
younger age and lower weight in the slaughteriagestas primary alternatives to
be considered in development of such an approatienvgufficient knowledge is
available, the approach can be elaborated by imguan-line detection of
carcasses with (possibly) high levels of boar tamt/or other alternatives.

In the first place, such an approach would requaréll the identified gaps in the
knowledge about technical and economical aspecdt®arf taint prevention in the
broader chain context and provide more insights aonsumer acceptance of boar
taint. In the next step, integrated chain modetsikhbe developed. These models
should account for costs and benefits at the iddad level of each chain
participant as well as at the entire chain levdiug, such models may help
prioritize opportunities for allocating resourcespreventing boar taint within the
chain. It follows that chain participants will prably have to share their
responsibility for boar taint prevention among eather, whereas the scope of
this responsibility is not yet totally determined.

References

ALDAL, I., ANDRESEN, @., EGELI, A. K., HAUGEN, J.-E GR@ZDUM, A,
FJETLAND, O. & EIKAAS, J. L. H. (2005). Levels ohdrostenone and
skatole and the occurrence of boar taint in fainfg@ung boarsLivestock
Production Scienc&5, 121-129.

ANDERSEN, J. R. (2006). Sorting criteria. Methods 6n-line/at-line sorting of
entire male carcasses with emphasis on the Danisthosh based on
skatole contentActa Veterinaria Scandinavicdg, 32-34.

ANDERSSON, H., WALLGREN, M., RYDHMER, L., LUNDSTROH, K.,
ANDERSSON, K. & FORSBERG, M. (1998). Photoperiodifects on
pubertal maturation of spermatogenesis, pituitagsponsiveness to
exogenous GnRH, and expression of boar taint issti@d boarsAnimal
Reproduction Sciencé4, 121-137.

ANDERSSON, K., SCHAUB, A., ANDERSSON, K., LUNDSTRQMK.,
THOMKE, S. & HANSSON, I. (1997). The effects of theg system,
lysine level and gilt contact on performance, skatevels and economy of
entire male pigd.ivestock Production Sciencgl, 131-140.

BALTUSSEN, W. H. M., BACKUS, G. B. C. & HENNEN, WH. G. J. (2008).
Economic effects of ending boar castration. Ref@o®3.02. LEI. The
Hague. Available at: http://www.lei.dlo.nl/publicas/PDF/2008/5_xxx/
5 08_02.pdf (in Dutch).

11



BANON, S., ANDREU, C., LAENCINA, J. & GARRIDO, M.-D(2004). Fresh
and eating pork quality from entire versus casttaavy males~ood
Quality and Preferencd,5, 293-300

BONNEAU, M. (1987). Effects of age and live weign fat 5 alpha-
androstenone levels in young boars fed two planésnuatrition.
Reproduction, Nutrition, Developmegf, 413-422.

BONNEAU, M. (1998). Use of entire males for pig mé@athe European Union
Meat Science49, 257-272.

BONNEAU, M. (2006). Factors affecting the level aihdrostenoneActa
Veterinaria Scandinavica8, S7.

DUTCH MIMISTRY OF AGRICULTURE, NATURE AND FOOD QUALTY
(2008). Tijdelijke vrijstellingsregeling gasverdag biggen 2008 (29
augustus 2008). Available at: http://www.mininvpdrtal/page? pageid=
116,1640321&dad=portal& schema=PORTAL&p_file_id=8R2

FREDRIKSEN, B., LIUM, B. M., MARKA, C. H., HEIER, BT., DAHL, E.,
CHOINSKI, J. U. & NAFSTAD, O. (2006). Entire malégg in a farrow-
to-finish system. Effects on androstenone and #kathivestock
Production Sciencel,02 146-154.

GIERSING, M., LUNDSTROM, K. & ANDERSSON, A. (2000%ocial effects
and boar taint: Significance for production of gjater boars (Sus scrofa).
Journal of Animal Scienc&8, 296-305.

HANSEN, L. L. & LARSEN, A. E. (1994). Effect of abiotic feed additives on
the level of skatole in fat of male pigsvestock Production Sciencg9,
269-274.

HANSEN, L. L., LARSEN, A. E., JENSEN, B. B. & HANSEMOLLER, J.
(1997). Short time effect of zinc bacitracin anagwhe fouling with faeces
plus urine on boar tainBnimal Sciencef4, 351-363.

HANSEN, L. L., LARSEN, A. E., JENSEN, B. B., HANSEMOLLER, J. &
BARTON-GADE, P. (1994). Influence of stocking rasnd faeces
deposition in the pen at different temperaturesskatole concentration
(boar taint) in subcutaneous fAnimal Productionb9, 99-110.

HANSEN, L. L., MIKKELSEN, L. L., AGERHEM, H., LAUEA., JENSEN, M.
T. & JENSEN, B. B. (2000). Effect of fermented lidufood and zinc
bacitracin on microbial metabolism in the gut aetsoric profile ofm.
longissimus dorsfrom entire male and female pigsnimal Science7l,
65-80.

HAUGEN, J.-E. (2006). The use of chemical sensamayartechnology, the
electronic nose, for detection of boar taistta Veterinaria Scandinavica,
48, 34-36.

HENNESSY, D. (2008). Improvac — A proven alternatfor the control of boar
taint. In symposium proceedings “Improvac — froredty to practice” of
the 20th International Pig Veterinary Society Casgt June 22-26,
Durban.

JENSEN, B. B. (2006). Prevention of boar taint iilg production. Factors
affecting the level of skatolécta Veterinaria Scandinavicdg8, S6.

KJELDSEN, N. (1993). Practical experience with proiibn and slaughter of
entire male pigs. IN BONNEAU, M. (EdMjleasurement and Prevention of

12



Boar Taint in Entire Male PigsParis, Institut National de la Recherche
Agronornique (INRA).

KLUIVERS-POODT, M., HOPSTER, H. & SPOOLDER, H. A..M2007).
Castration under anaesthesia and/or analgesia mmeccial pig
production. Report 73. ASG. Lelystad.

NOVOSELOVA, T. A. (2007). Analysis of Adoption ofdaetic Modification in
Pork Production Chains. PhD Thesis. Wageningen: afhfagen
University.

PATTERSON, R. L. S. & LIGHTFOOT, A. L. (1984). Effe of sex grouping
during growth on &-androstenone development in boars at three
commercial slaughter weightgleat Sciencel0, 253-263.

ROBIC, A., LARZUL, C. & BONNEAU, M. (2008). Genetiand metabolic
aspects of androstenone and skatole depositiongiragipose tissue: A
review.Genetics Selection Evolutiof(, 129-143.

VAN DER PEET-SCHWERING, C. M. C., KUIJKEN, N., RAYAKERS, R.,
STOCKHOFE, N., VAN LEENGOED, L. A. M. G., BINNENDK] G. P.,
CRUIJSEN, T. & AUGUSTIJN, M. (2008). Effect of leasimal contacts
on pleuritis in growing and finishing pigs. Repditl. ASG. Lelystad.

WALSTRA, P. (1974). Fattening of young boars: Qifaattion of negative and
positive aspectkivestock Production Sciende187-196.

XUE, J. L., DIAL, G. D. & PETTIGREW, J. E. (1997&erformance, carcass,
and meat quality advantages of boars over barréwiterature review.
Swine Health and Productiof, 21-28.

XUE, J. L., DIAL, G. D. & PETTIGREW, J. E. (1997RRaising intact male pigs
for meat: Detecting and preventing boar tai®wine Health and
Production,5, 151-158.

ZAMARATSKAIA, G. (2004). Factors involved in the delopment of boar taint -
influence of breed, age, diet and raising condgidepartment of Food
ScienceUppsala, Swedish University of Agricultural Sciesce

13



The title of the paper: Moving towards boar taint-free meat: an overvieiv o
alternatives to surgical castration from a chairspective

Theauthors: Valeeva N. I., Backus G. B.C. and Baltussen VW\VH.

The theme of the paper: The Future Role of Global Agriculture as a FooitheF
and Energy Provider

The paper: for Peer Review

Theword count of the paper: 4971 words (excluding tables and references: 2848
words). Because the paper contains a literatuiewewe had to use extra words.

Theauthors state that:

- the material in the manuscript has not been puldisand is not being
published elsewhere unless rejected by the Joeditdr or withdrawn by the
authors;

- the material in the manuscript, so far as the astkoow, does not infringe
upon other published material covered by copyright.

Curriculum Vitae: Natalia Valeeva (1975) graduated as agricultucanemist
from Moscow Timiryazev Agricultural Academy (Rugsiem 1997. Later she
worked as quality assurance manager in ‘ISTRA-NWIRI (baby food
production). From 2001 till 2005 she conducted PleD. research in the Institute
for Risk Management in Agriculture (IRMA), Busine&onomics Group of
Wageningen University (the Netherlands). Then skletwdo postdoc projects in
IRMA and at the Faculty of Veterinary Medicine arétht University. Since May
2006, she is a researcher in the Agricultural Eognos Research Institute,
Wageningen University and Research Centre.

E-mail: natasha.valeeva@wur.nl

14



