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) The muscle and particularly the fat of entire adult male pigs (boars) has
ong been known in meny cases to develop an unpleasant, nauseating odour when
,jﬁed. This characteristic, which prevents its widespread use as a source
of bacon and pork products, appears to be confined largely to the boar, because

meat from the castrated animals (hogs) and the virgin females (gilts) does not

generally show this taint or off-odour during cooking. However, a survey of the
ncidence of boar odour or sex odour carried out by Pearson showed that it was
detectable in only 64% of the boars tested, of which 28% were rated as strong and
%% as slight, and also in 5% of the barrows (hogs) and gilts. This suggests that
the component(s) responsible for the odour may not only occur in the boar in
varichle amount, but may also occur to o smell extent in hogs and gilts. If
‘these latter two classes do produce the odorous compounds or their precursors,
presumably they do so in quantities which normally result, except in the case of
the five per cent, in the production during cooking of an odour below the average
threshold of detection.

Previous work & has shown that in the case of entire boars the odour

e strongest in the fatty tissue surrounding the penis and prepuce. Heated

' Subcutaneous fat, especially from the flank, of 2001b live weight boars can be
@istinguished subjectively by odour from that of hogs or gilts with comparative
@&se, but preliminary gos chromatographic analyses of volatile products from the
‘heated Pats failed to show any significant differences which could be responsible
Similar findings have been reported by

for the characteristic boar taint.
Pearson et al. e De

Since fat from the flank appeared subjectively to be richer in the odorous
Component(s), the reproductive tract and prepuce were considered to be possible

Sources of the odorous compounds or their precursors responsible for the
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oduction of tainte. The preputial diverticulum, situated near the orifice of
£he penis, 1s o sac which, in some boars, perhaps one in ten, becomes filled
with fluide The volume of the fluid cen vary from a few drops to sbout 100 milli-
1itrase

EEBerimental

Samplds of the opaque, dark brown fluid, with a pH between 8.5 and 9.5 and
heving frequently a strong ammoniacal odour, werc obtained from boars (ILarge
,whites) by "milking" the pouch behind the penis. After filtration to remove
pieces of straw, grit and other solid material, the luid wos extracted batchwise
at the original pH with diethyl ether (corbonyl- and peroxide-frec), until no
further odour was extracted into the ether. Thiswas judged by dipping o glass 4
rod into each batch and smelling it after the ether had been allowed to evaporate.
The pH of the fluid wos then lowered to 4.5 by addition of 1 N hydrochloric acid
end extrection with fresh ether continued until no further odour was removed.
At this stage, the remaining aqueous fluid was almost completely odourlesse. The
two ether extracts were concentrated scparately by slow fractional distillation
at 38°C to volumes of approximately 100 ml. beforc repeated extraction of each
with 5% sodium bicarbonate, followed by similar extraction with 1 N sodium
hydroxide. Acidification of thesc feur alkaline extracts with 1 N hydrochloric
acid, followed by individual extraction with diethyl ether, produced two peirs
of e&thereal solutions, cach pair containing, respectively, acidic and phenolic
components of the preputiel fluid. The solutions had entirely different odours,
that of the phenolic fractions being especially characteristic of pigsties.
These fractions were thercfore combined end anelysed by gos—-liquid chromatography
after concentration by slow fractional distillation to approximately 1 ml.

The identification of the compounds present in the phenolic fraction was
carried out using two columns containing different stationary phases 1) a 4t
X 4mm glass column packed with 15% phenyldiethanolamine succinate (PDEAS) on
Chromosorb W (80-100 mesh) operated isothermally at temperatures of 130°C and

150°C and 2) a 5ft x 4 mm glass column packed with 5% xylenyl phosphate (XP)
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on celite (100—120 mesh) at 120°C. The G.L.Cs instruments used were both
panufactured by Pye Co. Ltd., one cquipped with & strontium -90 ionisation detector
end the other with dual flame detectors. Argon carrier gas was used throughout.

One mejor peak and five smaller pecks were recorded. The major component

corresponded in retention behaviour with the meta and para isomers of cresol

and was present in sufficient quantity to permit trapping from the chromntograph.
Mess spectral analysis showed on intensc parent ion peck (M) at mass 108

(cresol C7H80 = 108), accompenied by a slightly higher peck at (M-1), resulting
from the characteristic loss of a hydrogen atom from & methyl groupe. Loss of
the elements of water from the molecule resulted in a strong peak at mass 90
(4-18), confirming the presence of a hydroxyl group. The ratio of thc M/(M-~1)
peaks differ for the three isomeric cresols depending upon‘the relative positions
of the methyl and hydroxyl substituents 6. The ratios of M/(M—1) are 1.327,
14250 and 04926 for the ortho, meto and para isomers respectively; the ratio for
the experimentel meterial was 0.966, indicating that the compound was almost
exclusively p-~cresol. This was confirmed by comparison of the infrared spectrum
of the isolated material with infrared spectra of authentic samples of the threce
isomers. The spectra of the isolated moterial and p-cresol corresponded exactlys
Considering the three isomeric cresols, the para isomer would be anticipated since
it could be theoretically explained as & metabolite of the amino acid tyrosine.
In an attempt to identify the remaining five peaks recorded on the

chromatogram, o number of reference compounds, including the phenols listed

in Table I, werc chromatographed on the PDEAS column under identical conditions

to those used for the experimental material.




TABLE T

Reference Phenols

Phenol

o-Cresol

m-Cresol

p-Crssol
o~Methoxyphenol
m~Methoxyphenol
p-Methoxyphenol
2:6-Dimethoxyphenol
Catechol

Resorcinol

2:3~Xylenol
2:4-Xylenol
2:5~Xylenol
2:6-Xylenol
3:4=Xylenol
3:5~Xylenol
2:3:5-Trimethylphenol
p~Ethylphenol

o~Hydroxydiphenyl

e
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The compounds which showed exact or close agreement in retention behaviour
with peaks in the experimental material werc, in order of increasing retontion,
guuiacol (o-methoxyphenol), phenol, c-cresol, Zﬁ—cresol, p—cresol%?, 2:4~xylenol,
2:5-xylenol, 2:3-xylenol, p-cthylphenol, 3:5-xylenol and m-methoxyphenol.
gince the identity of p-cresol had been proved beyond doubt by mass spectral

and infrared analyses, those compounds listed above which corresponded to this

poak were disregarded i.c. m-cresol, 2:4-xylenol and 2:5-xylenol. The relative
retention values, corrccted to three significant figures, of the remeining

compounds related to p-cresol as an internal standard are shown in Table ITI.

TABLE IT

Relative Rebontion Values were.t. p—cresol
15% PDBAS on Chromosorb W at 130°C.

Reference Compounds Experimental Moterial
Compound yr, [ir, Peak No. ¥z, [ir,
Guaiacol 0.580 1 0.581
Phenol 03695 2 0.695
o-Cresol 0737
3 0.867
p-Cresol 1.000 L 1.000
2:3-Xylenol 142
p-Ethylphenol 145 B 1445
3:5=Xylenol 1450
m~}Me thoxyphenol L.59 6 k.52
- a
m~}Methoxyphenol 3.9#(a) 6 3-95( )

(a) at 150°C.
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It can be scen from the table that guasiacol, phenol, p-ethylphenol and
p-mothoxyphenol agreed most closely with four of the five unidentified peaks.
furthermore, the very characteristic "smoked bacon" smell of guaiacol could be
recognised in the effluent of the chromatograph at the time of emergence of the
first peak.

The same reference compounds and the experimental material were
chromatographed on the highly polar 5% xylenyl phosphate column at 120°C. The
relative retention values expressed in relation to p-cresol are listed in Table
111,

TABLE TIT

Relotive Retention Values werst. p-cresol

5% xylenyl phosphatc on Celite at 120°C

- . T A — o
Reference Compounds Experimental Meterial

Compound Yr,[Vr, Peok No. EEHAHEQ

Guaiacol 0.362 1 0.362

Phenol 0.641 2 0.647

o-Cresol 0.776 3 0.786 +

p-Cresol 1.000 4 1.000

2:3-Xylenol 1«61

p-Ethylphenol 175 5 175

3:5-Xylenol 1.85

m-Me thoxyphenol L3 6 4,36
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These figures support the‘results obtained with the PDEAS column since
the reference phenols which agreed most closely with the chrometographic peaks
in the experimental material were guaiacol, phenol, o-cresol(trace), p-cthylphenol
ond m-methoxyphenol. It was again possible to confirm the presence of guaiacol
py extinguishing the flame of the detector and smelling the effluent. Guaiacol
wns &lso unique amongst the phenols examined on this column as it displayed
partial adsorption by the column, resulting in asymmetrical, teiling peaks which
served as useful diagnostic featurcs.

A trace of o-cresol was detected on the xylenyl phosphate column but was not
detected on the PDEAS column wherce it should have appeared on the tail of the
peak for phenol. p-BEthylphenol showed exact correspondence with the fifth peak
of the experimental material, whilst 2:3-xylenol and 3:5-xylenol occured closcly
on either side (Table IT). m-Mcthoxyphenol displayed feir agreement with the
lest unidentif'ied peck.

No simple phenol was found which agreed with the third pcak of the
experimental meterial when analysed on the PDEAS column (Table II) nor was there
a corresponding peak deteccted on the XP column (Table III). This peak was small
and presumebly coincided with one of the larger pcaks on the latter column, or
its concentration in the carrier gas at the time of elution may have becen too
low for detection under the operating conditions.

The results obtained from these two gas chromatographic columns show that
the compounds detectable in the phenolic fraction of the boar preputial fluid
are guaiacol, phenol, o-cresol (trace), p~cresol, p-cthylphenol and m-methoxy-~
phenol, and one other unidentified compound. It is recognised that this method
of characterising compounds is not infallible but confirmation of the minor
components by mess spectroscopy was not considered feasible with the quantity
of material available without access to a coupled gas chromatograph -~ mass
spectrometer, unit, which would be capable of analysing microgramme quentitics

of material without intermediate trapping from the gas chromatographs
LS
Quantitative Data

Three samples of preputial fluid were obtained, two from thc same boar and
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the third from a litter-mate. The boars were Large 7hites and the samplcs of
pjuid were obtained at live weights of 1661lbs, 1931bs and 1951bs respectively.
The quantities of the five phenols present in the sther extracts of the
ghree samples, concontrated to known volumes, were determined by comparing
their respective pcak heights with those of standard solutions of cach of the
jdentified compounds under identical conditions of injection and analysis on
the PDEAS column. The standard solutions were prepered as weight or volume

per cent in diethyl ether depending upon the physical state of the compound at
- room temperature.

The analyses of the guaiacol and phenol were carriced out together at 130°C
‘using 40ul injections of the experimental solutions and mixed guaiacol - phenol
standards. The p-cresol was also analysed at 130°C but in this case 1ul
injections were adequote. The p-ethylphenol was esnalysed at 145°C and the
m-methoxyphenol at 159°C, 401l injections being necessary in both cases. The
introduction of relatively lcrge volumes of solvent did not have a detrimental
effect on the subsequent analysis, provided the injuction system was sufficiently
hot to ensurc instant volatilisation of the injection.

The values for each constituent phenol are given in Teble IV, expressced

in two ways 1) as microgrammes per millilitre of preputiel fluid and 2) as a
percentage of the total phenol contente.

TR TV

Quantitative Data
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the third from a litter-matec. The boars wero Torge THites and Lhs ShnploE B ——
| rluid wore obtained at live weights of 1661lbs, 1931bs and 1951bs respectively.
The quantities of the five phenols present in the ether extracts of +the
ghree samples, concentrated to known volumes, were determined by comparing
their respective peak heights with those of standard solutions of cach of the
jdentified compounds under identical conditions of injection and analysis on
the PDRAS column. The standard solutions were prepered as weight or volume
per cont in diethyl ether depending upon tha physical state of the compound at
room temporaturc.
The analyses of the guaiacol and phenol were carricd out together at 130°C
using 40pl injections of the experimental solutions and mixed guaiacol - phenol
standards. The p-cresol was also analysed at 130°C but in this casc 1ul
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injections were adequoate. The p-ethylphernol was analysed at 145°C and the
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m-methoxyphenol at 4159°C, 40nl injections being necessary in both cases. The
introduction of relatively lorge volumes of solvent did not have a detrimental
effect on the subsequent analysis, provided the inj:ction system was sufficiently
hot to ensure instant volatilisation of the injection.

The values for each constituent phenol are given in Teble IV, expresscd
in two ways 1) as microgrammes per millilitrc of proputiel fluid end 2) as a

percentage of the total phenol content.

TABLE TV
Quantitative Data
[ T — I 4 W P M — . - - —— T - W e L W W —— e ———
] Boar 1 Boar 2
Compound Weight 166 1lbs Weoight 193 1bs f  Weight 195 1lbs

o P e i i g .‘;..... ......_.............-'_..._{

ug/mL | % of Totel || pg/ml % of Total | ug/ml | % of Total

[ — s [ i - AT e -y e ———m—
Guaiacol 0.26 0.26 PLS O 4 012 027
Phenol 0.83 0.84 0.66 0.62 0.20 0.45
P-Cresol 90.23 91.70 98,39 92.90 L2.72 95.67

p~Bthylphonol 6okl 6.55 5476 | 5.44 0.84 1.88

m~Methoxy- 0.63 0.64 0.77 | 0.73 H 0.77 1572
phenol \
it i Bt

TOTAL PHENOL | 98.39 10591 465
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‘ﬁsrgamant is reasonably good between values for the two semples from the

same boar end also betwecn the percentage figures for all three samples except
for the p-ethylphenol and m-methoxyphenol values. The reason for the variation

, the quantities of the latter two compounds and in the overall quantitices of

It is clear that p-cresol is the principal component end also the major
contributor to the odour of the prcputial fluid. Guaiecol, which has & very low
threshold of detection, will contribute a "smoky" note to the odour, although it
is present in the least concentration. Phenol end m-methoxyphenol appear to

heve little direct effcct on the odour at this level of concentration but the
p-ethylphenol contributes a harsher "rubbery-phenolic" note to the rather sweeter
odour of the p-cresol.

Judged subjectively by smell, neithser p-cresol nor the other phenols,
¢ither individurlly or in combination, appear to be directly responsible for
the taint of heated boer fat. However, a possible contribution by thase
compounds to the undesirable odour of tainted fat cannot be entirely ruled out
until complete identification of the odorous valatile products of heated boar
fat has been achiecved.

On the other hand, o blend of these phenols is partly responsible for the
"external" odour of & live, entirc boar, whenever any of this fluid is expelled
from the preputial sac, porhaps during copulation or repose. This is
especially so when the contaminated arcas, for example, the ground or belly
of the animal, have an alkaline pHe During cveporation of thc aquecus fluid,
loss of aumonia occurs, with a resultant fell in pH to weekly acid conditions,
causing the odour to alter due to contributions by acidic compounds.

Conclusion

It would appesr that the odorous compounds which have so far been identified

are not dircctly impliceted in the problem of sex odour as ralated to consumer
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goceptance of boar meat. They may however play a part in another important
gspect of the sex odour problem, namely, the stimulating influence of the odour
of a boar on a female pig in oestrus. Preliminary trials have indicated thot
p_crasol per se is not a pheromonc. Its smcll alone does not appear to be of
greot interest to a sow in heat but it is possible that in the presence of other
odours emanating from a boar, the combined or synergistic offect may bs quite

different.

Summary

The meat and prrticulcrly the fat of boars frequently develops an unpleasant
smell when heated. This tnint or sex odour, vhich prevents the widespread usec
of boar ment ns bacon nnd pork products, is confined largely to the boars since
costration is on effective method of reducing the odour.

Since the odorous compound(s) responsible for toint may be the products of
somc secondary sex-dependent metrbolism, secretion originoating in the prepuce
hnve been studied.

The odorous phenolic fraction of boar preputial fluid has been cnalysed by
gas~1liquid chromatography cnd five of the six phenols detected hove been
identified by retention date ecnd were found to be guaiccol, phenol, p-cresol,
p-ethylphenol ond m-mcthoxyphcnol. Quantitative data for the five phenols are
presented; p-cresol is the me jor component comprising over 90% of the phenol
content. .

None of these phenols appeors to be directly responsible, cither individually
or in combination, for the taint of hented borr fat when judged subjectively by
smell. However, they do contribute to the odour of the live enimnls whenever
any preputiel fluid is rclecsced -nd, on account of this, they m~y pley a port in
the physiological stimulation of the femele pig in ocstrus when she is in the

Presence of ¢ boors.
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SOMMATRE
1o viende, et plus porticulidrement lo graisse du pou:‘cenu, o fréquemment
une meuveise odeur lorsqu'elle est chouffée. Ce relert, qui est une odeur
sexuclle, empGche son utilisntion pour 1n fobrication ¢u bacon et des produits
¢ bose de porc. Ells sc limite en grande partic aux potrcceux car la castration
est devenue un moyen efficacc de lo réduire.
gtont domné que le(s) composé(s) &tont & ltorigine de ce relent pouvent Stre
sttribués b un métabolisme secondnire 1i6 nu sexe de 1l'aninal, on a procéddd 3
1'examen des secrétions provenant du prépuce.
Io fraction phénolique de la sccrétion préputiale ddgngeant uie odeur chez le
pourceau a §t8 anclysfe au moyen de 1n chrom:tographie gaz-ligiide. Cing des
six phénols dtectés ont oté identifiés par retention; ce sont le gaiacol,
le phénol, le p-crésol, le p-dthylpHenol et lo m~méthoxyphdnol. Des données
quantitatives concernant les cing phénols sont fournies. Ie p—crgéol est le
composant principal puisqu'il comprend plus de 90f% du contenu en piénole
Aucun de ces phénols nec semble dircctement responsable, individuellsoment ou
associf aux autres, du reclent que dégage le. graisse du pourceau, si on en juge.
sub jectivement par l'odeure. Cependont, ils concourrent & 1'odeur quo présente
1'animal vivant chaque fois qu'unc seerétion préputinle a lieu et, de ce fait,
il est possible qu'ils jouent un rdle dans le processus de stimulation

physiologique de le truic cn rut quand elle sc trouve en pré%ence d'un pourceau.

Zusamncnfassung

Das Fleisch, in ganz besonderem MaBe das Fett des Ebers entwickelt beim
Erhitzen einen Ubelricchenden Geruch. Kastricrung ist cin wirksames Mittel zur
Geruchsverminderung - in diescm Foll ist dieser Makel, der Sexgeruch, der sich
QusschliecBlich auf Eber beschréinkt, ein Grund dafir, dap weitverbreiteter
Gebrauch dieser Fleischart els Schinken oder Schweinefleischprodukt
8usgeschlossen iste.

Die Geruchszusammensetzung mag ihre Upsache in einigen sekundaren, sex—ge-

bundenen Stoffwechsel haben; numlich Ausscheidungen aus der Vorhaut, die bereits
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untersucht wurden.

Die riechenden Phenolenteile der prdputialen Flussigkeit, wurden durch
eine Gas-Flussigkeit farbgraphisch anslysiert und 5 von 6 Phenolanteilen, die
festgestellt wurden, waren durch Verhaltungsergebnisse als Guajakol, Phenol,
p-Kresol, p-Ethylphenol und m-lethoxyphenol identifiziert worden. MengenrniaBige
zehlenergebnisse der funf Phenole sind gegenﬁﬁrtig: p-Kresol ist mit 90% der
Hauptkomponent des Phenolgchaltse.

Keiner diceser Phenole, ob in reiner oder gebundener Form, scheint in crster
Linie ausschlaggebend fiur die Geruchsursache erhitzten Fettes des Ebers zu sein.
Dennoch spielen sie fUr den Geruchssinn der lebenden Tiere, wennimmer eine
Vorhautabsonderung stattfand eine grofe Rollc, néamlich die physiologische

Stimuletion des Menstruationszyklus der weiblichen Artgenossen.
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