“"WI"P"H‘M and detection
of boar taint.

Summa,.v

_“W use of entire male pigs instead of castrates is an atiractive method for
tmproving the efficiency of pork production. Genetic selection programs would
a{,\-(, benefit by being able to readily market their non-selected breeding stock.
Concerns abour animal welfare would also be addressed by eliminating the
Castration of boars. However, male pigs raised for meat are now castrated in
Many countries to prevent the possibility of taint in the meat. Boar taint is due to
Ihe presence of high levels of skatole and the 16-androstene steroids, particularly
5“-(11111/‘05‘1«11(mu in the carcass. Skatole is produced by bacteria in the hindgut
nd skatole levels in carcasses are affected by dietary, environmental and genetic
Jactors. Skarole production by the gut microflora can potentially be reduced by
“etary means and the accumulation of skatole may be due 1o genetic differences
’Cﬂ_wen animals. The 16-androstenes can be reduced by interfering with the
ﬁié;jxu’/ gonadotropins on the testis and by slaughter of the animal /)f{/m'(:' s{i\uul
"'(1\'[",[ fy. Huwo'zfr. levels of /mlh. skatole d_nu’ the 1 ()-(1;2({/'{).&1(}/2&%.v are low in 1/1@

“tMmajority of marketr weight entire male pigs. Immunological, chromatographic
a):zn( YI)[“v"I"ljl(’I/‘l'( “NIL’I/I()(/‘\‘:/Z)I‘ the analysis (g/}\‘kam/q and the 1 (1-({11(1 rostenes have
%y 18’7( escribed. .‘W\'m'q/ of these H‘l«th(}d& may be ,\‘mla/l)[cfur use in [:m.'kmg pluf'z‘t.\‘
ol aummul:'l(/ equipment is available. The ‘/mrl\' .ugdu.\‘m" in A‘{)/{@ Anu»‘r@
Males ’?UW begin to put together proc edures for raising and processing entire

S and to develop markets for this product.

Inuy, oduction
I"I?“rc_(Uncu.\'tmlcm male pigs are more efficient at converting feed into muscle
un‘:‘:):‘ll.ll\wr_I'unulc.\' or castrated (reviewed in Squirps el u/ %‘)‘)}u) dug to the
C”“\uxm t?HCCF.\ of androgens pmdpccd by the tc‘su.\'. T'his rcwll in ‘lnwvcr' %ccd
inu'c';l‘pm)n‘ increased rlcun- meat yield, less hucklu} and, when 1‘ccd ]'\, rcmlucfi‘
"dclu;:% ?!r'uwlhvrzuc of c_nurc males u>{11p;ggd to ;0111;405 er CLL\\FFQI[C§. All Ehgw:
Male { .(L"m cnnmbplc to 1ncrg:1>‘cd pmlltublllty of pork pwduunjn 1m1}1 entire
C()Ulqr;:iﬁ\ In udd.llkmn,. .\‘clcctmnlprcsmrc lQr I«)}xfcr huckl:al zm.d n?crg;uc%l l‘cun-
gene; ‘k.r‘cdu.ccd if entire male pigs were raised instead of castr ulc.\‘[vhc \uf.\L of
% Wltl N'L‘lcumn programs would ulsQ be lowered and the Imu‘l .\.clcglmns ‘u;lsuld
kt']illeﬂ~tL\ market hogs. Animal wcllurc concerns about the castration of farm
$ also makes the use of entire male pigs desirable.

Llr(m’:z[tr Ulg‘fc are some pol‘cntiul problems ini the use \)1‘011lirc'mulc pigs for p\‘srk
&l 10n. There may be increased aggression between entire males, causing
dlrli]}\ %llld concern about the vyclt'urc of the animals and increasing [hgumnhcmt‘
are Tlli‘\ dcmcm;s. I‘Iowcvcr, this only appears to hc»u pn')hlcm when dll.lcrcm pigs
The \,XCd at shipping and not when the pigs are raised in the same social groups.
Cqm;:i%dssg of some entire nmlcg can be too lcup to be handled r.»y ;illlull.l:ilc.d
Ore Adi‘;ll’u: I'he fat can also be softer than that \4)1 castrates Lll.ld g]l‘ls 111;»1kn‘1g it
he et lL}llI to cut and h:mdlg Ih'CvIl.lC’dl :uul lguglmg to scpumlmn of the fat Imm
Unxdtu: (l\cl_npsxcr el al.v, l‘)X(w)A I'his softer I‘ul is due to an 1r1§1‘c;xscd content of
e .Aalcd fatty acids in the fat (Barton-Gade, 1987), which may be more
Q’»‘:Z:,l:/-c 0 health conscious consumers. This problem may be controlled by
SINg the level of unsaturated fat in the diet (Warkup, 1992).

Severar . o TS ) _
5 irr(d COuntries, including Denmark, Britain, Spain and Australia currently raise
“Male pigs, However, in North America all male pigs that are raised for meat
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are castrated shortly after birth in order to prevent the possibil lity of boar taint.
Boar taint refers to the presence of off-odours and ml-t]‘:\wur\ found
predominantly, but not exclusively, in the meat of some entire male pigs. The two
main sources of boar taint are the 16-androstene steroids , primarily
So-androstenone, and skatole.

The purpose of this paper is to summarize the factors responsible for the
development of boar taint and methods used for measuring boar taint, particularly
those methods which may be suitable for use in packing plants.

Boar taint due to 16-androstene steroids

The 16-androstene steroids, including So-androstenone, are produced by the testis
of entire males and are released into the blood stream (reviewed in Bonneau,
1982). Due to their hydrophobic nature, they are concentrated in the fat and
contribute to boar taint when the fat is heated. 5o-androstenone is also
concentrated in the salivary glands by a specific binding protein called
pheromaxein (Booth, 1984a) and is converted into So-androsten-3 o-ol. This latter
compound is released with the saliva and acts as a sex pheromone to induce the
mating stance in female pigs in heat (Reed er al, 1974) and to regulate the
reproductive cycle of females (Booth, 1984b). So-androstenone was first
identified as the most important 16-androstene steroid causing boar taint
(Patterson, 1968) although So-androsten-30-01 may also contribute a sig gnificant
amount of taint (Brooks and Pearson, 1989).

The production of 16-androstene as well as other steroids in the testis is stimulated
by increased levels of gonadotropins in the blood. The gonadotropins are
produced by the pituitary gland in response to gonadotropin-releasing hormones
from the hypothalamus. lhgrg are two peaks of steroid levels in the blood of umrc
male pigs: one shortly after birth up to about one month and another at about fiy
months of age as the animal reaches sexual maturity (Schwarzenberge et u/
1993). At Lhuc times, sufficient 16-androstene steroids may be produced to cause
boar taint. The exact timing of the rise in 16-androstene steroid production in older
animals varies among different animals and is a function of sexual maturity
(Bonneau, 1982). Ihc size of the bulbourethral gland and submaxillary salivary
glands increases at sexual maturity and is correlated with the increased levels of
16-androstene steroids. These measurements may be useful to identify immature
entire males that would not be tainted from high levels of 16-andrsotene steroids
(Bonneau and Russeil, 1985; Squires and I)cng, 992).

However, we have observed low levels of 16-androstene steroids in some pigs
that are sexually mature, so not all mature animals would necessarily be tainted.

It may be possible to select for animals in breeding programs that are low in
16-androstene steroids but which produce normal levels of androgens. This is @
moderately heritable trait, but selection programs so far have not been successful,
resulting in either reproductive problems in females (Willeke et al., 1987: Sellier
and Bonneau, 1988) or failure to lower 16-androstene levels in entire males
(Sellier er al., 1993). Alternatively, levels of 16-androstene steroids in market
weight pigs can be reduced by using fast growing and late maturing lines of pigs
feeding diets which optimize growth rate or by using growth promotants such as
somatotropin (Bonneau et al., 1992a). Some breeds of pigs, such as Durac, have
a tendency for high levels of 16-androstene steroids in the carcass (Squires et al.»

1992).
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pr“dUCti:\n of the 16-androstene steroids can also be reduced by interfering with
the effect of gonadotropins. This can be accomplished by generating zunihnd'ics
dgainst either gonadotropins or gonadotropin-releasing hormone hy nul‘w
Mmunjzation (Bonneau et al., 1993) and possibly by passive immunization with
dtibodies (van der Lende ef al, 1993). Alternatively, use of agonists or
dtagopijgtg to gonadotropins or gonadotropin-releasing hormone rcducqs mq
Production of 16-androstenes by the testis (Xue et al., 1993). The production of
andfk)gcn‘\ is also reduced by these treatments, so their use must be timed to have
AN effect as late as possible to achieve maximal anabolic effects of the androgens.
’\mihudics could also be generated against So-androstenone (Williamson and
alterson, 1982), but methods to control boar tain in this manner have not been
ly established. The half life of So-androstenone in fat is in the range of a few
4YS 50 that levels in a tainted animal should be reduced to acceptable levels by
A few weeks after the inhibition of 16-androstene production (Bonneau et al.,
1982; 1993),

B . .
%ar tain due to skatole

Skalu]c
Fhk‘ hing
?S also f

(3-methyl indole) is not actually produced by the pig, but is absorbed from
gut where it is produced by bacterial degradation of tryptophan. Sk.;no]c
ound in carcasses from females and castrates, although levels can be lnghcr
M entire males (Hansson er al., 1980; Bejerholm and Barton-Gade, 1993). Illgh‘
.CVC'I“ of skatole can also be found in some gilts and this may be the cause of
““f“'““"“ &ilt-tain. Skatole may thus not be a cause of sex tain but does contribute
O INcreqge taint in entire males and is a component of boar taint. Levels of skatole
" fat are correlated with levels of androstenone with correlation coefficients
rep"rk‘d of about 0.4 (Andresen ef al.. 1993; Lundstrom et al., 1988) and 0.7
(Bonncuu etal., 1992b).

[a("l“bw'{[/u.s‘ sp. of bacteria in the hindgut are thought to be responsible for the
duction of skatole (Yokayama and Carlson, 1979) as well as indole, which
LSS not contribute .\rwnil'icul{llv to taint (Hansson et al., 1980; Moss et al., 1993).
i dies in vitro h;l\'L‘L‘.\hﬂ\/\’H that the relative production of skatole to indole by
the gy micoflora is affected by pH. The relative production of skatole to indole
J'(}\ increased at pH 5 but wu.\'dl‘mnulicul]_v reduced at pH 8 cumpurcdl topH 6.5
Q,um’” and Jensen, 1993). This supports other results lvhznllccghng‘h]curhmmtc
" Teduce the production of skatole (Claus, 1992). Feeding inulin (Claus, 1992),
“Cony( cakes or demolassed sugar beet pulp (Kjeldsen, 1993) to provide a source
[t ftlcrgy. for the bacteria reduced skatole production, presumably by rcduciqg
’gzq?]—f,mg\),]m” x/\l pmt%‘m UILH. V»l\ 1}(‘»1 I}}Jll[lg-];1%:::({;{\:1;;\1)};1 x\t::}tihtr\i;{T)lgl&(mpll(i
r'“Pi(llf. ,\vmgpllmn does n.nl‘ llkrtdﬁt"h (’ - I it ~ /7[,'}7,‘1“,}1 iy
o l"Cxi\ vuhwrhcu by the animal, but Tl\ktlwmk is m'krujml} 1111- L]ny g lwuri i
A ‘ted oli > 2> ) CWQiri1cte O, S ¢
Wilhlmr)lg-[w feeding (i)nng (‘/ al, 1‘)),V)A Rktsll.lu.ILt‘ eec H‘bj\\j b
N Hng feed for 12 hours before slaughter is recommended to lower
B . “Alole in the carcass ( Kijeldsen, 1993). Increasing the water consumption and
- ing CoOmpounds such as avotan and virginiamycin which reduce the gmv&_'m
f’()r(:(.':[“/)U('l'/h{‘\' bacteria also lower skatole levels A(}A\'jc]dscn, 1‘)‘-‘)3). 'l'hc-}hull llTC
“Ratole in fat is about 10 hours (Friis, 1993), so it is removed from the fat much
tr # Tapidly than are the 16-androstenes. In practical terms, this suggest that any
- ents ysed to reduce the levels of skatole in the carcass need only be done
L week before slaughter.
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Wide variations in skatole levels among different herds have been reported
(Kjeldsen, 1993). High levels of skatole in the carcass may be due to dietary,
environmental and genetic factors. A sufficient population of lactobacillus in the
gut of the pig is necessary along with diets which promote the degradation of
tryptophan into skatole. Skatole can also be absorbed from the faeces, apparently
through the lungs rather than through the skin (Hansen ez al., 1993). High skatole
levels can therefore result from high stocking rates, particularly in the warmer
months. Skatole is rapidly absorbed from the gut and metabolized in the liver
(Abergaard and Laue, 1993). However, it has been suggested that the degradation
of skatole in the liver is reduced in some pigs resulting in high skatole levels in
the fat. This trait may be due to the presence of a recessive gene (Skzz’) which i8
only expressed under high environmental pressure for skatole (Lundstrom and
Malmfors, 1993).

Importance of skatole versus the
16-androstenes to boar taint

There is considerable controversy over skatole or the 16-androstenes (particularly
Sa-androstenone) is the most important component of taint.. Moreover, the
maximum acceptable limits for these compounds have not been firmly established
and range from 0.20 to 0.25 ppm for skatole (Berg et al., 1993; Valhun, 1990)
and from 0.5 to 1.0 ppm for So-androstenone (Bonneau, 1990). The ability to
detect So-androstenone by humans is genetically determined and predominates
in females. Only 56% of males but 92% of females are able to detect this su bstance
and women find the substance more unpleasant than men (Wysocki and
Beauchamp, 1984; Griffiths and Patterson, 1970). Sa-androstenone produces
urine-like odour while androstenol produces a musk odour. On the other hand,
most people are able to smell skatole and find it unpleasant. It has a strong faecal
smell and produces a bitter taste (Hansson et al., 1980). The sensitivity to taint
thus undoubtedly varies dramatically between different countries. It is therefore
important to relate the results of analytical methods for skatole and androstenone
to sensory evaluation of taint for different populations.

Consumer panels and trained sensory panels have been used to determine the
relative contributions of skatole and So-androstenone to boar taint. Quite different
results have been reported from different countries. Studies from Denmark have
consistently found that skatole is the more important component of taint (Vahlum,
1990) and the Danish meat packing industry has spent a considerable amount 0f
effort developing automated testing equipment for skatole and installing it in their
slaughterhouses. An initial cutoff level of 0,20 ppm skatole in fat was used, but
this was later raised to 0.25 ppm to reduce the number of rejected carcasses when
few consumer complaints were found. Recent studies from Norway (Andresen et
al., 1993) and Denmark (Bejerholmand Barton-Gade, 1993) have shown that boar
taint was more highly correlated with skatole than So-androstenone levels in fat
Androstenone was important only when skatole levels were low and purticulu,rly
in products with a high content of fat (eg., belly) than for lean product. On the
other hand, studies from France have shown that levels of So-androstenone were
more highly correlated to boar taint than was skatole (Bonneau ef al., 1992b)-
However, meat from entire males with low levels of both skatole and
So-androstenone was not as desirable as meat from castrates, suggesting that
something else was also contributing to taint in these carcasses. Other workers
have reported similar results but have been unable to identi fy the other factors ll?i“
may contribute to taint (de Vries and Walstra, 1993). There is evidence of &
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i;;)rgx.\m between skatole and Sa-androstenone in causing taint (Hansson et al.,

et Berg er al,, 1993). The best way to express the acceptable limits for these
Ipounds may be as a function of the amount of each that is present.

Meaﬂsurement of boar taint in carcasses
L‘m,m male pigs raised in Britain, Spain and Australia are not tested for boar taint.
U[‘;]‘::;Iilu lri;'ﬂ\j in Bri}[;ﬂn have indicated that bnzu‘ taint is not a concern, but that
inm(m’uwllqu‘dny ullnhulcs such u.\‘.thc lztgk of FCI)(]CY¥]CSS and juiciness are more
doing :Un‘, lov‘v’cvcr. m‘u(hcr‘cuuqtr]gs WhlICIl raise entire males or are considering
i ‘m : Ml)‘m‘g\ mrm QI test for taint is hcmg-uscd. l)cnm'tlrk hz}s concentrated so
St hc'L Lyun,’umn of sku%mlc, but mctl}(fds !o{ the detection of zmdrostcnpnc are
eXDcrjmlf]é- dcvglnpcd (Sum\iersgn, 1993). Sweden and Norwuy, wh1ch are

enting with the use of entire males, are only measuring levels of skatole,

ut re 2 . :
]()(nr;sun indicate that androstenone may also contribute to taint (Berg ef al.,

&[:rj:f for boar (z-xint‘is needed to decide if the lcvcl‘s are .lnw—' enough for the
are hiéh[g h‘c used for lrgsh pork ‘pn)duclx Acceptable limits for Soi-androstenone
992@) Trl 1‘\v>r meat that is used for cuycd and processed Apr«xlucts (Bonncuu etal,
pn)dUCi_g '11‘? may be due U,‘ the loss ol.undmslcnnpc giurmg processing or Lhu} the
Dmduu‘ ‘arc eaten cold. ( arcasses with lcvcl.s of L;qn[ too bxgh for use as Irc.xrh
DrOchgCLdUUId therefore be used directly or mixed with untainted meat for use in
S5€d products.

-I((j;‘ilg;“czuctxsscs should be tested on thg slaughter line gsing prc'cisc, rupiq and
‘Hrca“;,\\ n?uhods that ucu‘]rulclAyu predict the levels of boar taint. Individual
‘ﬁTC;mc; lwuqld have to be identified sn’thut the lcst‘rcsulls can be used to sort
in Niﬂi\lq‘r 'ur‘lrcsh or processed pmducls. I'he lcvg‘ISf)I the I{w—zu]dms[c-nc steroids
an idcai \T ‘bjlqndx are l‘() to Al()() times greater thanin fat, nykag the salivary gland
AWditjoy, ([f »“)f the estimation of the 16-androstene steroid levels in carcasses. In
With lhc; ;L %dllwury gland is c;m];y s_ump]cq and is mmgum_cs rcmovcd along

S0 L u .Iinldx.lllury lymph nodes for mspcclmn bya velerinarian ull_cr slaughter.
a xcm::ml‘.m““ hclwgcn the levels of 1(»-;111u1rn)xlc11c slcrmds1nsz1}1vz.1r},'glmlds
1991) ing;‘y scores for taint kh;n_'c hgcn reported (Booth et al., 1986; Squires et al
the k’vlilgth lrlg‘cl measures of taint from 5(1—_zmdr\)slcm)nc can also be miadc using
Nee l‘)‘bc()l the hulhprcthml gland and this may reduce ic numh{cr of tcsm that
Which oy ‘xxonc. Danish slaughterhouses are equipped WIL_h szunplmg equipment
0 the 1'£zh ?Ld vm rcmpvcbucklzu sumplgs which are placed in plastic v1ul§ und.s“cm
USing 1 UT analysis of sk_:uulu Individual samples and carcasses are identified

ar code computerized system (Mortensen, 1993).

DMmber o 3: e " . - - .
ber of different immunological, chromatographic and colorimetric methods

ave hee ; _ :
. ©€n developed for measuring the levels of skatole and Sa-androstenone in

ACagsac ; - : : it .
SPCciﬁs‘u' lmmuunloglcul methods utilize antibodies which should bind
Cally to the compounds being tested and not to other compounds. The

dmg

un arips . : S 3

fagi; L of antibody bound is then measured using radioisotopes in
Oim . .

crlzyl])cilllitlll&x)fmgxy (RIA) or an enzyme wh‘ich pmdgccs a coloured pmducl-in
an r\mcml L.d immunospecific assay (ELISA). RIA’s have h‘ccn‘dg\'clnpcd for
deve g ne (/\ndrcsm. .l 979; Uzu and Bonneau, 1980) and ELISA’s l}qu been
199 Ay o f0r skatole (Singh et al., 1988) and androstenone (Abouzied et al.,
-aus er g, 1988). Immunological methods can be limited by the long time
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required to develop equilibrium binding with the antibody and the necessity for
careful extraction of the fat samples. Inuc factors can also introduce a significant
amount of variation in these assays, with coefficients of variation of more than
10% commonly found. A rapid extraction method for androstenone in fat has been
developed for use in immunoassays (Dehnhard and Claus, 1992).

Chromatographic methods utilizing high performance liquid chromatography

(HPLC) or gas chromatography (GC) have been re ported for measuring skatole
and androstenone. HPLC analysis of skatole has utilized reserve phase columns
eluted with either isocratic or gradient solvent systems and usin 1g either ultraviolet
or fluorescence detection (Garcia-Regeiro and Diaz, 1989; Lin er al, 1991
Hansen-Moller, 1992). HPL.C analysis of androstenone involves the conjugation
to a chromophore for detection since it does not have a strong fluorescence Of
absorb strongly in the ultraviolet region. A combined method for the analysis 0!
androstenone, skatole and indole is being developed (Hansen-Moller, pu’wmlJ
communication). GC analysis of skatole and androstenone have been described
with detection by flame ionization detector (Porter ef al., 1989). electron capture
detector (de Brabander and Verbeke, 1986), thermionic specific detector (Peleran
and Bories, 1985) and mass spectrometry (Garcia-Regueiro er al, 198%
Edelhaeuser, 1989; Kwan er al,, 1992). Careful extraction of the samples i
required for chromatographic analysis, both to insure good resolution of the
samples and to maintain the useful life of the column. Rapid methods for the
extraction of fat \Ul]plt\ for HPLC analysis of \l\dl()k‘ have been developed
(Hansen-Moller, 1992; Dehnhard and Claus, 1992). ( ‘hromatographic methods
can have the advantage of measuring a number of rd(m,d compounds at one timé
and are usually quite specific and not affected by interfering compounds-
However, they can be time consuming, technically difficult, expensive and pron¢
to equipment failure. For these reasons, they are usuz illy more suitable for use i0
experimental analysis rather than for the routine analysis of boar taint compound$
on the slaughter line.

Colorimetric methods for the analysis of skatole and the 16-androstene steroid$
have been described. The test for skatole (Mortensen and Sorensen, 1984)
involves extraction of the fat sample with tris-acetone and mixing the llllu’td
extract with a colour reagent consisting of 4-dime hyLmmmhgn/vmddwdc in
sulfuric acid and ethanol. The intensity of the colour is then measured in 2
spectrophotometer at 580 nm. The limits of detection of the assay are about 0.{ 02
ppm and the coefficient of variation for 0.25 ppm was 4%. However, othef
compounds such as indole, which do not contribute to taint, are detected by the
assay and the colour reagents and reaction products are somewhat unstablé:
Automated equipment to perform this test is now being installed in all Danish
slaughterhouses (Sandersen, 1993).

We have developed a method for the colourimetric analysis of the 16-androsten®
steroids in carcasses (Squires, 1990; Squires et al., 1991; Squires et al., 1993b):
In this method, samples of fat or salivary glands are extracted with methanol and
the 16-androstenes are concentrated on C18 cartridges. Cholesterol is remoVe
from the fat extracts by a digitonin column placed before the C18 cartridges. The
cartridges are then washed, dried and the steroids eluted from the columns an¢
reacted with a colour reagent consisting of resorcyl aldehyde and sulfuric ¢ acid 1P
glacial acetic acid ]inx)}\xh(mk and Haselwood, 1961). After heating, the colouf
intensity is measured in a spectrophotometer at 590 nm. Measurements are alS?
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taken at 543 nm and used to correct for interference from cholesterol. All of the
1(‘—zmdmxzu‘.c.\ produce a colour for this test, so the results are expressed as
€quivalents of ﬁ(x—undm\’t ene for fat samples and equivalents of
5(X~ku1drmw -3o-ol for salivary gland. The coefficient of variation in this method
Uﬁin“ salivary gland is less the m 4’ . Good correlations (r=0.8) have been found
between off-aroma and off-flavour sensory scores from a trained sensory panel
and total 16-androstene steroid levels in fat or salivary gland measured using this
ethod. We are now working to automate this method for use in packing plants.

The detection of skal 16-androstenes and other compounds causing taint
m\mm(mt nud\ on the xh.whur line using some sort of probe would be the ideal
Situation. uitable probes may be possible using immunosensors, electronic

Sensors, or Lh"ﬂ.lL(J sensors. Immunosensors couple antibody-antigen reactions
0 an electronic signal generated by a transducer. In the surface plasmon resonance
(SPR) immunosensor, the antibody-antigen reaction causes a change in the
rUFd&U\g index at the metal-liquid interface which is detected by a change in the
ntensity of a reflected laser beam. Electronic sensors are composed of organic
Semiconductors which characteristics change when a particular substance is
absorbed onto the surface. Such a sensor has been built to detect the gases from
ruffles (Persaud, 1990), but the 16-androstenes absorb too strongly to the surface
of Currently w\';uxuhlc semiconductors to make a reusable probe feasible
Persaud, personal communication). It may be possible to build a combined
\Ln\wr which can measure the levels of skatole and androstenone simultaneously.
hirma\ﬂ sensors could also be constructed in which chemical reactions specific
10 skatole or the 16-androstenes are converted into electronic signals. This might
911chicwd through the use of optical detectors to detect a colour reaction, but
his reaction will have to be reversible for reuse of the probe.

Ing; S :
Cidence of taint in entire males

Studies from Britain have shown that 10% of carcasses from entire males have
levels of So-androstenone greater than 1.0 ppm and 7-10% have levels of skatole
8reater than (.25 ppm (Kempster, 1993). The rejection rate of carcasses in
](;‘)’ylllark for skatole levels greater than 0.25 ppm averages 5-10% (Kjeldsen,
3). Preliminary results from Norway gave 14.4% of carcz asses above 0.20 ppm
Skatole (F roystein ef al., 1993). We have measured the levels of 16-androstene
Steroids ; and skatole in a numhu of swine herds in Canada. The levels of skatole
Were Quite variable among different herds. Levels of skatole in entire males from
the Specific Pathogen Free herd at the University of Guelph were all below ( 25
Ppm ( (Squire anc 1 Deng, 1992). Skatole levels in these animals were not mgrumd
Y feedi ing a barley-soy based diet (Deng etal., 1992). In contrast, levels of skatole
were “h\‘\' 0.25 ppm in 5-13% of purebred Yorkshire, Landrace, Hampshire and
Uroc entire males from swine breeding herds in Ontario (Squire et al., 1992).
CVEls of 16-androstene steroids were more consistent among different herds,
‘l"(l)}h 6-8.5% of Yorkshire kmd‘l.fmdnmc gmm, males _hd\]ﬂ;; l(fdf\_,”iv
gl: U‘}‘gdr”\ ene above acceptable limits (tentatively set at 65 ppm in salivary
’H;m N“U\M ver, 58.6% of Duroc pigs had levels of 16-androstenes above this
of 1, 0 data is available on the influence of Duroc in crossbred pigs on the levels
-androstenes in the carcass.
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Future considerations

There are a few technical limitations at this time for using entire male pigs for
pork production. The greatest limitation to the use of entire males in North
America is not technology, but rather the lack of appropriate markets. The levels
of taint in market weight (100 kg live weight) pigs are generally low, but likely
can be further reduced by careful control of diet and environment and the use of
appropriate genetic lines of pigs. These changes will also likely improve the
quality of meat from gilts as well. Methods for the measurement of skatole and
androstenone are available and much work is now proceeding on improving these
methods. However, the existing technology could be used now to begin to put
together the practical procedures for raising entire males and for testing and
sorting carcasses for taint in packing plants. Once the use of entire males has been
established, improved methods to control and measure taint will be necessary to
improve efficiency.
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